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PBEFACE. 


In  the  Swnrnary  of  Frogreas  for  1897,  which  was  the  first  of 
this  series  of  Annual  Statements,  an  introductoiy  sketch  was 
given  of  the  origm  and  history  of  the  Geological  Surrey  and  of 
the  Museum  of  Ftactical  Geology. 

The  present  yolume  deals  entirely  with  the  work  of  the  past 
year.  It  is  <^aatifying  to  be  able  to  report  tliat  both  in  the  tield 
and  in  the  oftice  and  Museum  iinieh  important  and  useful  work 
was  accoinpli'^hed.  Among  the  more  noticeable  portions  of  it,  I 
may  spccialiy  direct  attention  to  the  rosoiirches  among  the 
*  younger  granites  o£  the  Highlands,  particularly  in  the  range  of 
the  Cairngorm  Mountains  and  the  Ben  (.'niachan  group;  to  the 
detection  of  Corundum  among  the  Cordierite-bearing  rocks  of 
the  contact  zone  round  the  Ben  Oruachaii  granite;  to  the  finding 
of  Arenig  rocks,  and  the  more  precise  definition  of  the  position 
of  the  "Gamhrian"  rocks  of  the  south-east  of  Ireland;  to  the 
numerous  Cambrian  fossib  obtained  in  Skye ;  to  the  discovery  of 
still  further  new  tishes  in  the  Upper  Silurian  rocks  of  Lanark 
and  Ayrshire;  to  the  ascertaiiiiiig  of  a  hitherto  xuisuspocted 
Carboniferous  outlier  in  Lome;  to  the  novel  leciouic  structures 
found  to  traverse  the  South  Wales  coal-field  ;  to  the  reinarkablo 
evidence  brought  forward  of  the  existence  of  a  group  of  volcanoes 
belonging  to  the  time  of  the  Carboniferous  Limestone  in  Somerset; 
to  the  new  light  thrown  on  the  structure  and  probable  extension 
of  the  North  Staffordshire  coal-field  during  the  course  of  the 
revision  of  that  district;  to  the  additional  information  obtained 
regaiding  the  complicated  volcanic  history  of  the  western  main- 
land of  Scotland  and  the  Inner  Hebrides ;  and  to  ^e  fresh  data 
gathered  from  all  parts  of  the  three  kingdoms  respecting  tho 
successive  stages  of  the  Ice  As^e. 
'  <  tj^       2046.   Wi.  26082.   o(J0«»— 7/9S>.    Wy.  &  S.  »  2 
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PREFACE. 


Tho  practical  applications  of  the  work  of  the  Geological  Survey 
continue  to  bo  increasinj^ly  asked  for  both  by  the  f^cncral  public 
and  by  the  various  Government  Departments.  These  en(|uiries 
however  can  hardly  be  referred  to  in  this  Report,  save  in  general 
terms.  They  relate  to  water  supply,  building  sites,  mines, 
minerals,  and  many  other  economic  or  industrial  questions  in 
which  a  knowledt^c  of  geology  is  required.  A  brief  account  of 
them  will  bo  found  in  Part  IV.  of  the  present  Summary. 

ARCH.  GEIKIE. 

Director-General. 

Geological  Survey  Office, 

28,  Jeimyn  Street,  London, 
17th  February,  1899. 
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During  the  year  1898  several  changes  iiavo  been  made  in  the  Ciianges  in 
staff  <tf  the  €leol<Mioal  Surrey  in  the  United  Kingdom.  Mr.^^^^ 
C.  E.  De  Range,  Offthe  English  branch  of  the  serrioe,  reaigned  in 
March  last,  and  the  vacancy  thus  caused  was  filled  up  oy  the  ' 

appointment  of  Mii.  C  B.  Wedd,  B.A.    Another  vacjnicy,  which 
arose  from  the  resignation  of  Mr.  Watts  in  the  niitvimn  of 
1897,  was  last  spring  tilled  up  by  the  appointment  of  Mr.  WiLUAJt    .  . 
Pollard,  M.A,,  I).Sc. 

In  the  Palffiontological  Dcpurtment  some  considerable  changes 
have  taken  place.  Mr.  CtEORGE  Sharman,  one  of  tlio  two 
Palfeont  l  Grists  and  Curators  of  the  Fossil  Collections,  retired  on 
31st  December,  1897  His  colleague,  Mr.  E.  T.  Newtox.  F.R.S., 
was  thereupon  promoted  to  have  entire  charge  of  the  Paia'onto- 
logical  Department,  with  the  same  rate  of  salary  as  that  of  a 
District  Surveyor.  Two  ofiices  were  created  of  Assistant- 
Pateontoliwist  and  Assistant-Curator  of  Fossils.  To  the  fonner, 
Mr.  F.  L.  Kitchin,  M.A.,  Ph.D.,  was  appointed,  and  he  entered  on 
its  duties  on  r2tli  March  last.  To  the  latter  Mr.  H.  A.  Allen  was 
advanced,  with  iiicreaHo  of  salary.  The  position  of  the  Fossil 
Collector,  Mu.  J.  Rhodls,  was  likewise  imnroved  hy  the  allocation 
to  him  of  the  duties  of  Assistant  in  the  Fossil  Department, 
whilst  he  still  performs  the  duties  oi  Fossil  Collector. 

Oa  the  Irish  staff,  the  vacancy  caused  by  the  retirement  of 
Professor  Sollas  in  1897  was  filled  in  April  last  by  the  appoint- 
ment of  Mr.  Hfn'rv  J.  Seymot'r,  B.A.,  who  will  conduct  the 
petrographical  work  of  that  branch  of  the  Survey. 


I.— FIELD  WORK. 

The  mapping  during  the  past  year  has  been  continued  in  each  Distribatiop 
of  the  three  kingdoms  in  the  several  districts  described  in  tlic  "^^''f  staff «> 
last  SinTimary  of  Progress.    Its  general  distribution  will  here  he  '''^  _ 
brietiy  stated,  and  its  detailed  results  will  be  more  fully  given  in    '  ?  - 
STibset[uent  pages  (p.  G,  cf  ficq.), 

England  and  W  ale.s. — In  this  part  of  the  United 
Kingdom  the  energies  of  the  service  are  mainly  concentrated 
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on  the  revision  of  the  counties  upon  the  maps  on  a 
scale  of  six  inches  to  a  inilo.  Two  important  kinds  of 
revirion  arc  undertaken.  In  one  of  these  the  superficial  deposits 
aie  traced  out  with  especial  Cixre,  so  as  to  lay  u  foundation  for 
a  peneml  apjirultnral  or  snlisoil  iimp  of  tlic  whole  country. 
In  the  other,  the  various  uiitu  ral  districts.  oriLMnally  surveyed  on 
the  one-ineh  maps  (which  wciv  ilie  only  Onlnanee  sheets  then 
available),  are  now  being  mapped  out  on  the  larger  seale  and- 
brought  up  to  date.  In  ooth  these  revisions  eveiy  eHbrt  is  used 
to  inako  the  maps  as  complete  and  accurate  as  possible,  and  to 
bring  them  abreast  of  our  present  knowledge.  Thus  the  revised 
maps  of  the  superHeial  deposits  iudnde  also  all  corrections  and 
atldit  it*ii.s  which  the  progress  of  time  iias  shown  to  be  neeessarj' 
in  the  mapping  of  the  older  formations  uiulerneath,  while  the 
re-survey  of  the  mineral  fields  has  involved  at  the  same  time  the 
detailed  mapping  of  the  superficial  deposits  of  these  districts. 
I^elMBier-  The  re-examination  of  the  coal  Held  and  siirroimding  coimtry 
shire  and  B.  in  Leicestershire  and  soutboni  I)(  rbyshire  has  been  contiimo<l 
Derbyttliir^  by  Mr.  Fox-8tranowavs,  wlio  has  sin'veyed  71^  sqnare  miles  of 
that  region,  and  has  traced  42U  miles  of  geological  l)oun(lary- 
lines,  of  which  256  related  to  the  superficial  deposits  or  Drift. 
North  The  North  Staifordshire  coal-field  and  the  region  arotmd  it 

SUfibrrltkfi«.  have  engaged  the  services  of  five  nH  Uihirii  of  the  stuff.  Mr. 

De  Ranges  retirement  made  it  (bsirable  that  the  revision  of 
this  'r'*^»nnd  should  not  fall  behind,  but  be  pushed  forwar<l  with 
all  possible  vigour.  Acconlingly  Mh.  GibsdX,  who  has  bad 
considerable  experience  in  coal-tield  work,  was  temp<jrarUy 
transferred  from  South  Wales  to  carry  on  the  colliery  part  of 
the  revision.  Mr.  Wbdd  on  his  appointment  was  sUitioned, 
imder  Mu.  GiasoN's  supervision,  on  the  red  rocks  and  Drifts 
along  the  western  border  of  the  co.d-lield.  On  completing  his 
working  se^ison  among  the  (ir.uiipiaii  Mountains,  Mr.  Harrow 
was  move<l  in  the  early  uuUuiin  into  the  tnict  of  Lower  Carboni- 
ferous rocks  lying  to  the  east  of  the  coal-tield,  while  in  like 
manner  Mr.  Lampluoh  was  transferred  to  the  ground  along  its 
southern  border.  Mr.  F<)x  Strax<!ways  was  placed  in  general 
charge  of  the  revision,  and  from  bis  station  at  Leicester  was  able 
from  time  to  time  to  inspect  ilie  pro'jress  of  the  work.  The 
total  area  in  North  St^irturdsbire  thus  surveyctl  amounts  to 
180A  .scpiare  miles,  and  the  boundary -lines  to  7tiO  miles,  wliereof 
452  represent  the  distribution  of  the  various  drifts. 

The  southern  counties  tire  now  undergoing  revision  on  the 
large  scale  of  nuux  The  general  charge  ot  this  work  is  in 
the  hands  of  Mr.  H.  B.  W(>f>nw akd.  P.H.S.,  District  Surveyor.  In 
this  re^on  it  has  becji  fomid  desirahlf^  to  aecelerate  the 
re-mappmg  of  the  superficial  geology  t>f  t  he  London  District,  and 
far  that  purpose  to  intermit  for  tbe  present  the  prosecution  ot 
the  revision  of  Northamptonshire  m>  as  to  pennit  of  the 
Ba»inoftli»  transforcnoe  of  Mr.  CaMeron  from  thai  county  to  the  basin 
Tli«m««.  of  the  Thames.  Tbe  original  geological  survey  of  Middh^sex 
and  the  surroundiu"^'  region,  "tnde  upeti  the  oiu-ineh  s<'al(^ 
Ordnance   maps,   did    not   <ii.seriminaiu    various  superiieiai 
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deposits  which  subsequent  oxperienoo  has  shown  it  to  be  of 
practical  importance  to  represent  separately  upon  large-scale 
maps.  Thus  the  brick-earta  and  gravel  were  formerly  grouped 
together,  whereas  it  is  most  desirable  that  these  valley-dnfts  should 
bo  carefidly  distinguished.  For  many  practical  purposes,  such  as 
water-supple-  draina^,  choice  of  budaing-sites,  market-gardens, 
ete..  the  necessity  tor  minute  and  accurate  mapping  of  the 
superiicial  accumulations  is  now  everywhere  recognised.  When 
the  survey  of  the  distriet  is  completed,  it  is  intended  to  prepare 
and  issue  a  colour-printed  edition  of  the  map.  From  the  lan^e 
sale  of  the  Survey  memoir  on  "  Soils  and  Subsoils,"  it  may  bo 
expected  that  a  detailed  subsoil  map  of  the  London  district  will 
be  found  to  be  of  consideralvle  {general  utility. 

In  Northamptou.vltiro,  before  his  transference  to  the  Thames  Nortbiuiip> 
Valley,  Mil.  Camero.n  iiad  last  year  completetl  the  revision  of  an  *oin»bii«. 
area  of  20  sc^uare  miles,  and  had  traced  185  miles  of  boundary- 
lines,  including  75  that  related  to  Drift.   Since  he  began  work  m 
Middlesex  he  has  mapped  a  fiirther  area  of  32  square  miles  and 
86  miles  of  Drift  boimdrtries. 

Tn  Oxfordshire,  Bcrk.shiro  and  Buckiii^diamshire  Mr.  J.  H.  Oxfnnlslnre, 
Blake,  from  his  central  stittion  at  Oxford,  has  surveyed  a  total  amniuddnit- 
area  of  51  square  miles,  which  have  comprised  the  tracing  of  161  luuuHhire. 
miles  of  boundary  lines,  84  of  these  being  Drift  Imes. 

In  Dorsetshire,  Hampshire  and  Wiltshire  the  revision  has  be<!n  Dorseuhire, 
in  the  hands  of  Mr.  Keid,  Mr.  Bennett  and  Mr.  Hinxm.\n.  In  UiuM|»»bire, 
the  Soiuhampton  district  Mr.  Reid  has  sm-voved  (18  scjunrc  miles,  ^yUuiblro. 
and  has  thus  bct^i  able  to  rill  iu  considerable  iraets  that  had  not 
been  completed  by  Mr.  VVhitaker  at  the  time  of  his  retirement 
This  mapping  has  necessitated  the  tracing  of  267  miles  of 
boundary-lines,  of  which  179  belonared  to  the  superficial  deposits. 
From  his  station  at  Salisbury  Mr.  Bennett  completed  an 
area  of  about  .50  square  mites  and  mapjX'd  165  miles  of 
bouadary-lines,  includin«^  56  miles  of  Drift-boiuidaries. 
Mr.  Hinxman,  temporarily  transferred  from  the  Scottish 
staff,  was  stationed  in  October  in  the  western  part  of 
Dorsetshire,  where,  in  the  district  around  Maiden  Newton,  he 
revised  20  square  miles  and  traced  74  miles  of  boundary,  whereof 
47  related  to  the  Drift.  In  Hampshire  Mr.  Hawkins  s])ent  a  short 
time  in  completing  a  small  area  of  6|  square  miles,  where  he 
traced  19  miles  of  boiuidary,  six  of  which  were  Drift-lines. 

In  Devon  and  Cornwall  three  siin'eyors  have  been  engaged.  Devon  and 
From  Plymouth  as  a  centre,  Mb.  Usshcr  has  contuiued  his  re-  Con»w«a 
mapping  of  thebordorsof  the  two  counties,  where  he  has  surveyed 
29  .square  miles,  tracing  13.*^  miles  of  boundaries,  including 
88  miles  of  Drift-lines.  Frouj  Falinonth  Mr.  J.  B.  HiLLsurveved 
au  area  of  24  .square  miles,  includin.:  41)  miles  of  boundary,  lliis 
return  would  have  been  eonsiderably  larger  had  he  not  been 
disabled  from  iield-work  by  continued  ill-health  for  much  of  the 
year.  Mr.  Wilkinson  movwl  in  Octoljer  from  Argyllshupe  to 
Cornwall,  and  from  his  station  at  Penzance,  during  a  few  weeks 
of  field-work,  mapped  six  square  miles,  with  three  miles  of 
boundary4ines. 
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South  Wales    The  revision  of  the  South  Wales  coal-fiekl  has  continued 
Goal-field,    to  make   satia&ctory  progress.    Under  Mb.  A.  Strahan's 
supeTviaion  the  tield-work  has  been  carried  on  by  Mr.  R.  H. 

TiDDEMAX,  Mr.  W.  Gibson,  and  Mr.  T.  C.  CantPvIll.  Tho 
total  area  siirveved  in  this  region  by  these  four  Dtiicers  lias  been 
13H  stjuaro  riiifes,  comprising  7i)9  iiiiles  of  IxHuularv,  of  which 
303  reluLc  lo  the  Drift  It  should  be  added  that  this  return  was 
necessarilv  reduced  by  the  transferBiice  of  Mel  Gibson  to  North 
St4it)'ordsliire  as  al ready  mentioned.  He  was  absent  from  South 
Wales  until  late  in  the  autumn. 

Tho  total  area  revised  in  England  atul  Walov  dnring  the  past  year 
lias  iMM-n  ()})()  square  miles,  fhu  extent  of  bDuiidary-lines  traceci 
has  aru<)untu<l  to  3,077  miles,  and  of  thuso  rather  more  than  half, 
or  1,034,  have  been  comiected  ynih  the  mapping  of  the  superficial 
deposits.  Takinff  the  country  as  a  whole,  eacn  square  mile  of 
around  surveyed  nas  involved  the  tracing  of  about  four  and  a 
naif  miles  of  geological  boimdaries. 

Scotland. — The  Held- work  has  been  continued  in  the  districts 
referred  to  in  the  last  Summuru  of  Proijirss.  Messrs.  Peach, 
HoRNE,and  Pocock  were  engaged  during  most  of  the  season  in  the 
mountainous  ground  around  Lochs  Fannich  and  Luichart  Mb. 
Peach  mapped  an  area  of  61  square  miles  within  the  combined 
K<  wH  an  I  county  of  Ross  and  Cromarty,  and  traced  549  miles  of  boundary- 
Cix^marty.  lines.  He  was  able  to  connect  the  surveved  area  on  the  west 
side  of  the  coimtry  with  that  already  mapped  on  the  east  side. 
Thus  a  continuous  tract  of  surveyed  ground  now  stretches  com- 
pletely across  the  Northern  Highlands  from  Skye  to  the  Moray 
Firth.  Besides  this  mapping,  Mb.  Peach  was  engaged  with  Mb. 
HoRXE  and  Mr.  A.  Macconochie  in  studying  sections  of  the 
Siluriiin  rocks  in  the  Pentland  Hills,  Lanarkshire,  and  MofTat- 
dale.  in  order  to  procure  additional  inatenal  for  tho  completion 
of  the  monograph  on  the  Silurian  Rocks  of  the  Southern 
Uplands,  to  which  more  special  reference  will  be  niatle  ui  a 
suraequent  pa^e. 

In  tne  Fanmch  Forest,  and  subsequently  in  Eastern  Boss  and 
around  Kiltarlity,  Mr.  Horne  mapped  a  total  area  of  50  square 
miles,  and  180^  Tnilos  of  geological  boundary.  Later  in  the  year 
he  revisited  parts  of  the  counties  of  Rantf  and  Aberdeen  for  the 
purpose  of  procuring  fresh  information  in  referenco  to  a  map 
about  to  bo  engraved,  luid  traced  there  17^  additional  miles  of 
boundary. 

After  the  close  of  the  possible  working  season  among  the 
Ross-shire  mountains,  Mr.  Pocock  was  transferred  to  Argj'Ushire 

to  assist  in  completing  some  of  the  work  left  unfini.shea  by  Mr. 
HiT>i..  In  the  autniim  he  returned  to  the  Caithness  ground,  on 
which  he  was  engaged  during  the  preceding  year.  His  total  area 
of  deld-work  amounts  to  52 J  square  miles,  with  319  mUes  of 
boundaries. 

GlMelg.  Mr.  Clough  resumed  his  station  at  Glenelg,  but  immediate]}- 
thereafter  he  mot  with  a  serious  accident  in  the  course  of  his 
tield-work.  Slipping  on  a  steep  slope,  he  so  injured  his  foot  as  to 
l>e  unable  to  put  it  to  the  ground,  and  he  was  consequently 
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incapacitated  from  ti old-work  during  the  whole  of  the  rest  of  the 
year.  The  progress  of  the  mapping  of  the  North- West  High- 
lands has  thus  been  materially  cnecked  by  his  unfortunate 
disablement 

In  Aberdeenshire,  Mk.  Babkow  resumed  his  work  in  the  AierdeMi- 
Bracmar  district,  ^vhere  he  surveyed  a  tract  of  28  square  miles, 
with  148  miles  of  boundary  ;  wliile  in  the  same  re^on 44^  square 
iiiilch  were  mapped  by  Mr.  Cunning ham-Cr a m,  mcluding  250 A 
miles  of  geological  lines.  Mr.  Barkow  did  not  return  to  his 
Braemar  ground  after  the  summer,  but  took  part  in  the 
revision  of  North  Staffordshire,  as  already  stated. 

Further  to  the  west,  in  the  district  of  Badenoch  and  the  Badenoch. 
Monadhliath  Monntains,  Hf  Id-work  was  resumed  by  Mr. 
HiNXMAX,  who  surveyed  there  41:1  square  miles,  with  217|  miles 
of  boundary.  Later  in  the  season  he  completed  a  tract  of  11 
square  miles,  with  34|  miles  of  boimdary,  m  the  low  grounds 
around  Beauly,  before  he  moved  southward  to  take  part 
in  the  revision  of  Dorsetshire,  to  which  reference  has  already 
been  made. 

In  Argyllshire  six  surveyors  have  been  at  work  during  the  Argylli»liire. 
past  year.  In  the  Loch  Awe  <Hstrict  Mr.  Hill,  during  his 
return  to  the  district  for  convHlescence,  continued  his  former 
work,  completii^  15  square  miles,  and  tracing  128  miles  of 
boundary.  Further  to  the  north  and  north-west,  around  Ben 
Cruaclian  and  in  the  region  of  Glen  Etive,  Mr.  Kynasxon  has 
mapped  oOh  square  miles  with  235  miles  of  boundaries.  In  the 
Oban  district  40 J  square  miles  have  been  mapped  by  Mr.  Sv.mes, 
with  162  miles  of  boundary.  In  the  country  on  either  side  of  Loch 
Eil,  Mr.  Grant- Wilson's  area  of  survey  last  year  amounts  to 
54  square  miles,  and  includes  201  miles  of  geological  lines.  In 
Jum  Mb.  Wilkinson  was  able  to  add  to  his  area  already 
surveyed  52  square;  miles,  including  274  miles  of  boundary-lines. 

In  Arran  Mil  Gi  nn  surveyed  50  square  miles  and  tracied  296  Anrsa. 
miles  of  boundaries. 

In  Perthshire,  around  Strathyre  and   the  Trossachs,  Mr.  Perthshire. 
Cunninguam-Craig  resumed  during  part  of  the  year  the  ground 
on  which  he  had  previously  been  at  work,  and  completed  an  area 
of  26|  square  miles  with  216J  miles  of  boundary. 

In  the  Island  of  Skye  Mr.  Harkek,  in  continuing  the  survey  Ial« «{ Sk^ 
of  the  Cuillin  Hills  mtkI  a dj oh linj?  tracts,  mapped  an  area  of  .33] 
square  miles  and  traced  047 .1  mil»'s  tif  houmlarv-lines.  The 
structure  of  this  ground  has  Ix^en  toiind  to  be  still  Uiore  com- 
pUcated  tlian  that  reported  in  the  last  Stimtnaru  of  Progress,  for 
It  has  mvolved  the  following  out  of  I9i  mues  of  geological 
boundaries  in  each  square  mile  of  area. 

The  total  area  surveyed  in  Scotland  during  1898  has  been  (510^ 
S'juaro  miles,  and  tlie  total  aggregate  len<rth  of  boundary-lines 
run  has  been  3,808^  mile.s.  Every  square  mile  mapped  has  thus 
on  the  a  verage  required  the  tracing  of  rather  more  than  six 
miles  of  geological  lines. 

Ibblakd.— The  field-work  in  this  part  of  the  British  Isles  consists 
in  the  revision  of  the  published  maps  for  the  purpose  ol  taking 
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advantage  of  all  the  fresh  evidence  which  hns  appeared  dnrincf 
the  lon^  lapse  of  time  since  many  of  them  were  issued,  and  of 
briiiging  them  abreast  of  the  present  state  of  geological  science. 
This  revision  has  been  begun  with  the  older  formations,  which 
are  being  re-examined  all  over  the  cast  and  south  of  the  island. 
The  Silurian  tracts  are  now  not  far  from  completed.  Last  year 
the  districts  over  which  the  work  extended  «  MTiiprised  the 
counties  oi  Wicklow  and  Wexford,  ^s'll(Te  Mes>1{s.  Egan  and 
McHenuy  were  engaged,  and  of  Tipperury,  Limerick,  Cork, 
Kilkenny,  and  Waterford,  in  which  Mr.  Kilroe  was  employed. 
The  fossil-collector,  Mr.  R.  Clark,  generally  preceded  these 
officers  on  the  groiind,  so  .is  to  supply  them  with  pakeontological 
data  for  separatin<:  the  different  Silurian  formntions.  and 
especially  for  distiiigiiishiiiL;  the  tracts  of  Lower  from  those 
of  tapper  Silurian  rocks.  A  nund)er  of  new  fossil  localities  have 
thus  been  discovered.  The  total  number  of  fossils  collected 
during  the  year  was  466. 

The  appointment  of  Mr.  Henry  J.  Seymour  to  fill  the 
vacancy  left  by  the  resignation  of  Professor  Sollas,  has 
allowed  the  petrofrrnphieal  work  of  the  service  to  he  resumed 
at  the  Dublin  otHee.  Mu.  SEVMorR  has  had  nearly  200  fresh 
slides  of  Irish  rocks  ])repared,  and  has  suppHod  reports  for  the 
guidance  of  the  field-work  in  regard  to  the  nomenclature  of  the 
Igneous  rocks  in  the  areas  now  undergoing  revision. 

Such  being  the  general  distribution  of  the  field-work  over  the 
British  Isles  durinjr  the  past  vf-nr  some  detailed  ilceonnt  will 
now  be  given  of  tiie  more  important  or  interesting  results  of 
this  work.  For  convenience  of  narrative  the  stratigraphical 
order  of  formations  will  be  followed,  beginning  with  the  oldest. 


PRE'CaUBRIA17. 

BoBt-shire. 

The  whole  of  the  undisplaced  pre-Cambrian  rocks  of  the 
munland  having  now  been  surveyed,  the  field-work  of  the  staff 
. .     .  was  continued  last  year  eastward,  across  the  mountainous  ground 
of  western  Inverness,  Boss-shire,  Sutherland,  and  Caithness.  As 

already  explained,  the  mappincf  of  the  Olenel!:^  district  has  been 
unforinnatt  ly  interrupted  by  the  serious  accident  to  Mr.  Clouoh. 
To  the  east  of  that  groimd  the  work  ^\  as  resumed  in  the  region 
of  Lochs  Fannich,  Luichart,  and  Garve,  by  Messrs.  Peach, 
HoBNE  and  Pocock. 

Mr.  Peach  submit.s  the  following  statement  of  the  irronnd 
mapped  by  him  during  the  year,  in  sheets  82,  83,  92,  and  93  of 
the  map  of  Scotland,  eTidiraeinij  a  tract  of  about  60  square  miles, 
.  between  Acbnaslieen  and  (iarvc  in  lloss-sliirc. 
T,ooh  The  schistose  rooks  form  a  continuation  of  those  already 

)  uicbart  mapped  further  towards  the  south-west,  and  are  naturally 
(Mr 'b!  n.  ^li'v^ible  into  two  groups.  Of  these  the  lower  and  presiunably 
Peach. )  ^     the  older  (a)  consists  of  homblendic  gneisses,  which  form  the  crests 
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of  folds  ftud  all  overlying  series  (6)  of  granulitic  muflcovite-biotito  Lbch 
Bclusts  and  gneisses,  of  what  is  now  Itnown  as  Moine  "  type.  ^^^^ 
(a)  The  homblendic  gneisses  may  be  regarded  as  probably  ^m,^  ^ 
uplins  of  the  Lewisian  series.  They  are  met  with  in  two  separate  PeMk) 

aretis  of  the  district  surveyed.    One  of  these  is  an  eastward 
extrusion  of  a  niass  of  the  same  rock  wliich  was  mapped  in 
]8i)5  and  was  referred  to  in  the  Geological  Su  rvey  Report  for 
that  year  (p.  ll>).    Allusion  was  made  in  that  lieixn  t  to  t^e 
large  size  of  some  of  the  slioes  of  the  Lewisian  gneiss  which  had 
been  thrust  forward  among  the  Moine-wdusts,  and  this  particular 
mass  was  spok^  of  as  perhaps  covering  more  than  Brty  square 
miles.    Its  dimensions,  nowever,  will  prove  to  be  vastly  greater 
than  was  at  that  time  snpposotl,  for  it  has  been  followed  for 
many  miles  further  east  wiiliout  reaching  its  termination  in  that 
direction,  and  it  evidently  stretches  southward  fe-r  beyond  the 
limits  within  which  it  has  been  mapped.    Hie  nortion  of  the 
map  surveyed  last  year  forms  a  narrow  strip  whicn  sweeps  in  a 
sickle-like  form  round  the  nortliom  flanks  of  Sgurr  a  MhuUin 
(2,778  feet)  south  of  Achanalt,  and  passes  southwards  into  ground 
not  yet  examined  near  the  head  of  Allt  a  Miuillm     Its  position 
on  the  mountain  is  indictited  by  the  smooth  feature  (so  well 
seen  from  the  railway)  from  which  the  fine  difib  and  peaks  of 
the  Sgiirr  abniptly  nse.  The  rocks  which  enter  into  its  composi- 
tion are  chiefly  j^ranulitic  homblende*biotite-gneisses.  Granulitic 
quartz- (els pa r-biotitc-gneisses  occurin .small  qnantit  v;  hon iMi  nde- 
schist  and  epidiorite  nnieh  more  abundantly,  while  ultrabasic 
rocks  are  also  present  which  appear  to  have  lx?€n  j>eridotites, 
though  now  for  the  most  part  in  the  condition  of  imctuous 
schists  with  clear  colourless  amphibole.    Epidote  is  a  common 
mineral  in  most  of  the  masses.    The  general  assemblage 
of  these  rock-s,  toj^ether  with  their  mode  of  occnrrenee,  at  once  > 
recalls  the  Lewisian  gneiss  as  developed  at  Loch  Alsh,  Glenelg, 
Shcildaig,  and  many  other  parts  of  tlie  West  Coast. 

The  second  ma^is  lies  to  the  south  of  the  upper  end  of  Loch 
Luichart,  and  shows  on  the  map  like  a  fork,  the  apex  of  which 
rests  on  Loch  Bhad  Ohaineamnaich,  about  three  miles  south  ot 
Loch  Luichart  Station*  while  the  prongs  reach  the  shores  of 
Loch  Luichart  at  n  disttmce  from  rarh  other  of  about  two  miles. 
In  nddi'ion  (<>  the  tvpes  of  ro»-k  already  mentioned,  this  mass 
includes  a  white  aiul  pink  i  iystalline  marble  with  ealc-siliejites, 
much  like  the  liuiesiune  of  Glenelg,  the  outcrop  of  wiiich 
foUowB  the  fold  that  makes  the  nortnem  prong  of  the  fork. 
As  in  the  case  of  the  larger  mass  of  gneiss,  the  course  of 
this  less  extensive  slice  is  made  evident  from  the  railway  by 
the  smooth  pfreen  pasture-covered  slope  to  which  the  calcareous 
and  decomposing;  p-anulitic  homblendic  rocks  give  rise,  and 
which  oilers  so  marked  a  contract  to  the  sombre  vegetation  and 
my  ci-ags  of  the  surromiding  "  Moine-schist "  and  muscovite- 
biotite-gneiss. 

(6)  Tne  "  Moine-schist "  and  musoovite-biotite  schist  or  gneiss 
of  the  overlying,  and  therefore  presumably. newer,  series  occupy 
by  fax  the  greater  part  of  the  area.   They  may  be  looked  on  as 
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lx>eh         the  ''rocks  of  the  country/'  With  the  exception  of  a  few  foliated 

T.tiiciiart  igneous  intrusions  and  quartzo-felsputhic  veins,  the^  consist 
(Mn -a  N.  «w©iitially  of  granulitic  musoovite-biotite-ffneisses,  varying  from 
Pdaohtj  *  *  miartzo-micaceouR  flagstones  or  "  Moino-scliists,"  on  tho  one  side, 
through  every  inlerme(Hate  grade  into  rocks  made  up  of  felttd 
muscovite  and  hiotitc  with  inchided  streaks,  lenticles,  and  knots 
of  quartz  and  quartzo-felspathic  intergrowths  of  all  sizes,  from 
mere  grains  and  films  up  to  masses  over  a  couple  of  ieet  across 
and  yards  in  length.  All  these  Tarieties  are  m  places  more  or 
less  gametiferous,  but  the  garnets  are  largest  and  most  numerous 
in  the  nioro  micaceous  rocks  nnd  their  quartzo-f«'lsputhic  accom- 
paniments. For  convenicn  t  if  (lescription  the  more  quartzose 
rocks  will  here  be  spoken  ui  as  "  Moine-schist "  or  "  Moine- 
gneiss/'  and  the  more  micaceous  rocks  as  "  Muscoyite-biotite- 
gi\eiss."  These  two  types  of  rock  have  been  distinguished  on  the 
map  by  lines  and  colours.  The  origin  of  the  "Moine-schists"  has 
been  a  probloiii  tluit  lias  coustautly  cnpit^ed  the  attention  of  the 
Survey  since  the  rocks  were  first  mapped  in  tlio  West  of  Suther- 
land. During  the  last  lew  years  the  conviction  has  been  steadily 
gaining  ground  that  much  of  these  schists  originally  consisted  of 
'  sedimentary  strata.  In  the  district  sunreyea  last  year  by  Hft. 
Peach  the  schists  and  gneisses  of  the  "  Moine "  type  may  be 
supposed  to  have  been  originally  sandstones  or  arkoses ;  the 
muscovite-biotitc-gneiss  was  in  fjll  pr(»lvd)iHty  an  argillaceous 
rock,  while  the  intermediate  ty|)es  may  represent  varyingadmix- 
tmes  of  these  two  kinds  of  sediment. 

That  these  rocks  were  or^inally  elsatic  is  rendered  almost 
certain  by  their  colour-banding  andthe^distinct  traces  of  current- 
bedding  which  they  still  present  In*  this  area,  although  the 
rocks  have  been  intensely  plicated,  they  have  not  been  much 
affected  by  cleavage  or  foliation.  In  most  cases  the  new  micas 
have  been  developed  chiefly  aluni;  wliat  appear  to  have  been  the 
bedding-planes.  The  original  t^ujirtz  and  felspar  grains  have 
been  umost  entirely  granulitized,  and  j[>ernapB  the  only 
materials  that  have  been  left  in  the  condition  in  which  th^ 
were  deposited  are  a  few  refractory  minerals,  such  as  rutile 
and  zircon,  with  possibly  the  cores  of  soine  '»f  the  alkaline 
felspar-grains  that  have  escaped  tlie  granuiitization  which 
has  atlected  theii"  outer  parts.  Some  layers  of  schist  appear 
to  have  been  of  more  complex  chemical  composition  than  others, 
for  on  the  west  side  of  Loch  Luiohart,  close  to  the  &rmhouse 
ot  Arrieleitiach,  thin  bands  of  nn'ea-schist  occur  in  which 
tourmaline  is  extremely  abundant.  Zoisite  also  occurs  in  thin 
beds  in  the  Moino-schist,  and  as  knots  and  lenticles  in  the 
Muscovite- biotite  gneiss. 

There  seems  to  bo  a  definite  order  in  at  least  the  local 
succession  of  these  rocks.  In  that  part  of  the  district  which 
lies  east  of  a  line  drawn  S.S.W  from  trie  head  of  Loch  Luichart, 
and  which  coincides  with  a  line  of  fault  to  be  mentioned  in  the 
sequel,  ^foine-schists  always  lie  next  to  the  older  gneisses,  while 
the  centres  of  (he  sj-nclines  of  these  schists  are  occupied  by  the 
m^scovite-biotite-gneiss   which  is  here,  therefore,  Qie  highest 
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ruck  ut  ihu  series.  A  siiiulur  arrangement  is  met  witli  iii  the  piirt  Loch 
of  the  area  to  the  west  of  the  fault,  but  it  is  not  quit€  certain  i'-'J^^^^^j^ 
that  other  Moine-schiBts  may  not  there  in  turn  overUe  the<Mr!  B.  JM. 
musoovite-biotite-gneiss.   In  both  tracts  tlic  junction  between  Peacb.) 
the  Moine-schists  and  the  older  gneisses  wherever  seen  is  quite 
sharp,  and  while  the  character  of  the  overlying  rock  romains 
constant,  that  of  the  lower  series  varies  from  one  exposure  to 
another — a  relation  which   suggests  the  inference  that  the 
iunction  between  the  two  iock-£p:oups  isan  unoonfonnable  one^ 
Moreoyer  the  dUpoeition  of  the  Moine-aohbt  with  t^ard  to 
the  old  gneiss  core  on  Sgurr  Mhullin  strongly  points  to  an 
ovorlnp  or  different  layers  of  the  yonngrr  rocks  upon  the  older, 
and  further  serves  to  nidicate  that  all  the  exposures  of  the  older 
gneiss  in  the  present  area  may  represent  the  tops  of  ridges  which 
stih  reuiained   uncovered  after  a  considerable  part  of  the 
sediment  that  now  f<«m8  the  Hoine-schist  had  been  deponted. 

Foliated  Igneous  BodcB — Angen-gneisa. — Several  l^pes  of 
foliated  igneous  rocks  occur  associated  with  the  Moine-schist 
and  Miiscovitc-biotite-gneiss.  On  the  north  shore  of  Loch 
Liiichart,  within  half-a-miie  of  the  mouth  of  Corriemoillie  Burn 
and  in  the  adjacent  railway  cuttings,  four  outcrops  appear  of  a  fi^e 
au^en-gneiss  or  granite,  like  the  well-known  "  Inchoae  "  rock,  of 
which  these  outcrops  may  possibly  be  the  southern  extension. 
The  rock  shows  fine  Carlsbad  t\  in  crystals  of  a  pink-coloured 
felspar  (orthoclase)  oriented  in  a  detinitc  direction  and  enclosed 
among  winding  wisps  and  streaks  of  a  grnniditic  ground-mass 
composed  of  quartz,  felspar,  and  micas,  together  with  small 
crystals  of  garnet  and  sphene.  The  rock  occurs  as  a  sill  or  sills 
intruded  more  or  less  between  the  bedding  planes  of  the  Moine- 
schist,  and  shows  fine-grained  or  "  chilled "  edges,  where  its 
texture  is  much  finer  and  eyener  than  in  the  centre,  and  where 
the  porphyritic  crystals  seem  to  he  absent.  This  fine-grained 
marginal  material  is  always  more  or  less  foliated.  In  most 
places  its  foliation-planes  have  not  been  observed  to  run 
parallel  to  the  cooling  surfeu^es,  but  rather  to  cut  them  at  a 
considerable  angle,  and  to  be  apparently  continuous  with  those 
of  the  adjacent  Moine-schists.  This  augen-gneiss  would  thus 
seem  to  haye  been  intruded  into  the  original  sediments 
before  they  were  converted  into  their  present  condition  of 
Moine-schists,  and  it  may  be  inferred  tnat  both  rocks  had 
their  j)resent  structures  impressetl  upon  them  at  one  and  the 
same  time.  There  are  even  groimds  for  the  belief  tliat  the  four 
outcrops  of  augen-gneiss  are  portions  of  one  single  sill  brought 
up  to  the  surfietce  by  successive  folds,  which  in  that  case  must  1)0 
isoclinal,  as  all  the  outcrops  dip  towards  the  south-east  Though 
such  a  structure  cannot  dc  demonstrated  on  the  gronnd,  owing 
to  the  covering  of  drift  under  which  the  rocks  are  hidden,  yet  on 
both  shores  of  Loch  Luichart,  a  little  further  south,  the  schists 
can  be  clearly  seen  in  clifP-sections  to  haye  been  thrown  into 
innumerable  folds  of  this  ty})o.  wherein  both  limbs  dip  in  the 
same  direction.  Infiict  this  arn^ni^t ment  has  constantly  to  be 
borne  in  mind,  as  it  really  affords  the  key  to  the  structtire  of  the 
whole  area^ 
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IakU  Within  a  l>tilL  «>t'  •4'roiind  ubnui  a  mile  wide,  lying"  t<»  ihv  \v(  sf 

LttielMrt  of  a  line  of  fault  which  extencLs  Iroui  the  west  end  of  Loch 
1mI"h  v  Luichart  southwards  to  the  bend  of  the  River  Meii?  at  Milton  of 
CJ^)"-    Stiath  Conon,  dykes  of  fine^ined  foluted  nanite  occur. 

They  may  be  studied  where  exposed  in  rock-suifnces  near  the 
bridge  across  the  Conon  south  of  J^och  Luichart  Station.  As 
small  d\  krn  sHI^  and  veins,  they  trnverso  tlio  Moine-schist  in 
all  direclious.  They  are  all  granulitic  and  foliated  parallel 
with  the  foliation  of  the  surrounding  schist,  irrespective  of 
the  trend  of  the  indiyidual  dykes. 

Sills  of  epidiorito  or  masBive  araphibolite  and  homblende- 
Bchist  are  found  chieHy  to  the  east  of  the  fault  already  mentioned 
and  south  of  a  line  drawn  from  a  point  about  ;i  inilc  and  a  half 
south  of  \jovh  liiii.  hart  Station  eastward  to  ivillm  i  arm,  near 
the  head  ot  Lcicli  (iarvu.  They  ap}>ear  to  have  been  intriidefl 
into  two  horizons  in  the  newer  I'neiss,  and  to  clinjj  to  them  with 
great  persistencv.  The  lower  of  these  horizons  hes  near  the  top 
of  the  Moine-schist,  and  its  invading  sill,  now  conmsting  of  honi- 
blende-schist,  is  usually  larger,  more  continuous,  and  more  even 
in  thickness  than  that  \s'hich  occupies  the  higher  Imrizon.  The 
upper  sill  has  taken  its  place  within  the  muscovite-l)iotite- 
gneiss  and  near  the  base  of  that  group.  It  often  appears  as 
a  aeries  of  nodes  or  lenticles  of  coarse  ^arnetiferous  epimorite  or 
amphibolite  strung  together  by  a  thm  layer  of  eametiferous 
hornblende-biotite-schist,  whUe  at  other  times  the  lenticles  are 
quite  detachod  from  one  another  though  still  disposed  in  lines 
so  as  to  Lrive  tlio  impression  that  thov  are  portions  of  a  once 
continnons  layer  which  has  been  wrenclitnl  into  frnfrnit  iits.  The 
mauucr  in  which  the  Uiuscovite-biotite-gneiss  in  puckered, 
involTed,  and  filled  with  lenticles  of  quartz  and  felspar  flirther 
deepens  this  impression.  The  micaceous  bands  seem  to  have 
given  waj  to  pressure  and  torsion  to  a  greater  degree  than  the 
more  rigid  Mome-schist. 

Strurfure  of  the  Ground. — Tliroughout  the  whole  areii  all 
the  rocks  here  mentioned  have  l»een  thrown  into  a  series  of 
folds,  which  for  the  most  part  are  isoclinal.  While  the  long 
axes  of  these  folds  vary  constantly  in  direction,  and  at  some 
part  or  other  of  the  area  are  directed  to  all  points  of  the 
compass,  their  main  trend  is  E.N.  i^.  and  ^\  S.\V.,  while  tlx  flip 
of  each  liniV>  is  usually  towards  tlic  South  and  K'tst.  I'v  tlti^ 
structure  the  strata  have  been  indelinit  d y  repcfjted.  I  lie  unler  ol 
succession  of  the  newer  gneisses  having  now  been  well  estab- 
lished in  the  course  of  the  mapping,  and  the  homblende-sdiist 
sills  having  been  ascertained  to  occupy  certain  definite  horizons, 
the  great  folds  of  the  rocks  have  been  determined,  and  traced 
upon  the  maps  over  the  greater  portion  of  the  area  surveyed 
Ifiust  season. 

Along  the  course  of  the  fault  which  extends  a>  r,  >  >  tlio 
district  south  war*  Is  from  the  head  of  Loch  Luichart.  the 
outcrops  of  the  different  schists  and  the  axes  of  the  folds  seem 
to  have  been  dragj^ed  round  for  some  distant  »■  on  both  sides  till 
they  almost  coincide  with,  the  line  of  fault,  as  if  the  dislocation 
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Karl  been  the  resuii  ot  some  ^cat  lateral  wrench  rather  than  that  Loch 
of  an  ordinary  fault.    In  this  case  there  is  some  ground  for  the  J'^j^*^' 
belief  that  both  lateral  and  Tertical  moTements  have  taken  [Hr^B.  N. 

Elace.  The  old  gneiss  core  of  Sgun*  a  Mhullin  has  probably  been  Peadi.) 
rought  to  the  surfiKx;  bv  the  same  set  of  folds  as  those  of  the 
hills  south  of  Loch  Luicnart,  and  in  that  case  the  displacement 
would  show  the  amount  of  lateral  wrench.  As  possible 
evidence  of  the  verticiil  movement,  it  may  be  mentioned  that 
the  rocks  on  the  west  side  of  the  fault  are  everywhere  in  a 
h^her  state  of  crystallisation  than  those  on  the  east  sidei  and 
are  also  nnich  more  filled  with  igneous  intrusions,  which  had 
evidently  been  injected  prior  to  the  faultincf.  This  more 
mineralised  side  is  therefore  in  all  prohahility  the  side  of 
upthrow.  The  eoiirse  of  the  fault  is  marked  by  a  great  deal 
ot  brecciated  rock,  which  is  generally  stained  deep  red  by 
hisniatite,  as  if  the  schists  had  once  been  coYered  l>y  a  red 
formation  which  has  since  been  wholly  removed.  That  such 
a  covering  did  really  once  overspread  this  ground  is  highly 
prol)al>1(>  tor  an  onther  of  Old  Red  Sandstone  occurs  just  east 
of  the  line  of  fault  on  ik  ti  T^hreac,  about  two  miles  m^rtli  of  Loch 
Luichart  Lodsre,  just  oniside  of  the  district  here  described. 

A  few  dykes  of  mica-trap,  liter  in  date  than  the  production 
of  the  schistosity  of  the  region,  have  been  met  with.  One  of 
these,  about  8  feet  broad,  has  been  traced  in  the  schists  on  An 
Gabar  to  the  south  of  Loch  FanniclL  Another  thin  vein  with 
large  hexagonal  plates  of  biotite  crosses  the  BiYer  Bian  about 
.3  miles  east  of  Achnasheen,  and  a  narrow  dyke  of  lamprophyre 
occurs  on  the  high  ^ound  between  Loch  Luichart  and  the  head 
of  Loch  Garve.  At  C'reasf  a  Chuurinn  a  dyke  of  mica-trap  may 
be  seen  to  penetrate  from  the  schist  into  the  conglomerate, 
whence  the  conclusion  may  be  drawn  that  the  date  of  intrusion 
of  some  of  these  rocks  must  be  later  than  at  least  some  part  of 
the  Old  Bed  Sandstone  of  the  Cromarty  Firth  basin. 

The  area  surveyed  by  Mr.  Horne  in  this  part  of  Ross-shire  Fannich 
lay  between  Loch  Fannich  and  the  watershed  of  the  range  of  ^^THonw.) 
the  Fannich  Monntains.  He  has  been  able  to  join  np  his  work 
with  that  carried  by  Mk,  OrxN  southwards  from  Loch  Broom 
to  the  same  watershed,  which  was  tlescribed  in  the  Su  mmari/  of 
Pragrew  for  1897  (p.  38).  The  same  grou^  of  rock  traced  by  the 
latter  geologist  have  now  been  followed  mto  the  area  surveyed 
by  Mr.  Pe.%ch,  and  the  general  sequence  of  rock-groups  in  the 
region  has  been  established.  These  grunns,  as  given  oy  Mr.  Gunn, 
are  here  cited  in  what  appears  to  be  a  descending  onier: — 

1.  Acid  ^rneis-s  granulitic  and  graiiit< lid.  itli  lia^ic  lent icle,«i,  knots  and 
band.s  of  hombIcn(le-schii»t,  epidiorite  and  garuet-hornblende-rock ; 
resembling  certain  types  of  the  Lewisian  gneiss. 

S.  IfaasiTe  biotite-gneis^s,  highly  ^metiferoufi,  with  iiregular  masses  of 
dark  garnet-hornblende-rock,    (ftieall   Dnbh  and  Meall  lui't  Sithe 

gncis»«.) 

3.  Uranulitic  quartzose  »chLst  or  gnci.s?i  i  ilaggy,  lino-grained,  light-grey, 
weather iiiu  wh'xtv  ■  qoartz^biotitc-graiinlite  or  Moine-schiAt.  (Meall-a' 
Chmflgaidn  rock) 
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Kannicli  Hiotitc-Hcliisi,  liark  grey  tu  black,  with  Miiall  gaiucU  in  certain  bauds. 

Forest.  It  includes  a  promment  xone  of  granulitic  grey  quartzose  achist  (Skutt 
(Mr.  fioroe.)  Mor.) 

5.  A  thick  groxi]}  of  inas.sive  and  flaggy  granulitlc  (^uartzoso  schist.s 
(quartz-biotitc-granulitcs),  with  thin  bands  and  partings  of  dark  biotitc- 
achist 

The  rcktions  of  the  first  four  of  these  groups  are  well  displayed 
in  the  great  corrie  (Allt  Choiie  Mhoir)  which  separates  tne  two 
h^hest  peaks  of  the  Fannich  chain — Sgurr  Mor,  3,637  feet,  and 
Sgiirr  nan  Clach  Geala,  3,581  feet — and  likcAvi.sc  on  the  slopes  of 
those  mountains.  The  nu  niliors  of  each  pfronp  in  stirrossion  rise 
to  the  surface,  with  an  apparent  persist cnl  dip  t<>  1  lie  west  or 
west-south-west  No.  1  is  met  wita  on  the  south-west  slope  of 
Sgurr  nan  Clach  Geala,  and  No.  4  on  the  lofty  ground  round 
Sgurr  Mor,  about  a  mile  fiirther  east.  These  groups  of  rock 
form  more  or  less  parallel  belts,  which,  by  means  of  the  sections 
laid  bare  in  Allt  Choire  ^Ilioir,  Allt  Choirc  Bhig,  and  other 
adjacent  exposures,  cjin  bo  traced  southwards  to  Loch  Fannich. 
It  is  noteworthy,  however,  that  as  the  resptctive  <:^oups  are 
followed  southwards  to  the  mouth  of  Allt  Choire  Mhoir,  west  of 
Fannich  Lodge,  the  westerly  dips,  so  persistent  on  the  watershed, 
give  place  to  highly  inclined  dips  to  the  east. 

On  the  south-west  slope  of  S^urr  nan  C9ach^  Geala  the  acid 
gneiss  (No.  1),  which  there  consists  of  granulitic  biotito-gneiss 
with  flaser-structure.  rests  on  the  gametiferous  biotite-ppiciss 
(No.  2)  ;  both  rocks  dipping  to  the  west  at  angles  that  vary  from 
20  to  3.5'.  Southwards  along  the  crest  of  the  ridge  from  Si^irr 
nan  Clach  Geala,  tongues  of  the  gametiferous  biotite-gneiss  are 
seen  to  be  infolded  in  the  acid  gneiss  (No.  1),  and  iniere  this 
relationship  appears  the  prevalent  dip  is  no  longer  to  the  west 
but  to  the  east,  from  30*  to  50'.  Thin  sills  of  hornblende  schist 
occur  in  the  acid  ^eissnear  its  junction  v.ith  the  massive  1  if  itc- 
gneiss  (No.  2),  Indeed  near  the  source  of  Allt  Leac  a'  Bhealaich, 
that  drains  the  south-west  slope  of  Sgurr  nan  Clach  Geala,  bands 
of  epidiorite  and  garnet-hornblende  rock  are  associated  with 
biotite  gneisses  in  such  a  way  as  to  recall  certain  typc^  of 
Lewisian  gneiss.  Similar  rocks  forming  part  of  No.  1  are  met 
with  on  the  hills  north-east  of  Cabuie,  m  Abhuinn  Nid,  and  on 
the  slopes  of  A  Chailleach  (3,276  feet),  the  most  westerly  peak  of 
the  Fannich  group.  iThin  pefrmatitcs  from  one  to  two  feet 
thick  with  small  prisms  of  tounualine  have  been  detected  in 
Allt  Leac  a  Bhealaich  north  of  CSabuie. 

Along  the  crag  that  runs  southwards  from  Sgurr  nan  Clach 
Geala,  on  the  west  side  of  Allt  Choire  Mhoir,  the  coarse 
gametifsrous  biotite-gneiss  (No.  2)  forms  a  prominent  belt  from 
a  quartw  to  half  a  mile  in  width.  The  cnaracteristic  features 
of  this  rock  are,  the  abundance  of  its  ganK  ts.  and  presence 
in  it  of  quart zo-felspathic  constituents  in  strings  and  knots. 
Sometimes  the  qu;irtzo-felspathic  materials  are  arranged  with 
^e  biotite  in  parallel  folia,  thus  formhig  a  coarsely  banded 
gneiss ;  sometimes  they  disappear  and  the  rock  merges  into  a 
flaky  biotate-schist.   In  places  muscovite  is  largely  developed 
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and  the  rock  beoonies  a  garnetiferous  inuscovite-biotite-schist  or  I'annich 
gneiss.  imITh 

The  giey  flaggy  quartzose  schists  (Na  S\  well  seen  on  the  ^  ^onw.) 
east  slope  of  Sgurr  nan  Clach  Geala,  are  mclined  to  the  west  at 
anglee  of  ^W-SO".  From  that  point  southwards  they  can  be 
traced  as  a  narrow  belt  about  a  quarter  of  a  milo  broad  to  AUt 
Choiro  Mhoir,  where  theybeconiu  vurti*  al,  and  eventually  dip  to 
the  east  and  east-north-eaiit  at  about  7u\ 

The  members  of  the  succeeding  group  (No.  4),  consisting 
mainly  of  biotite-schists,  are  displ^ed  on  the  col  at  the  head 
of  AUt  Choire  Mhoir,  on  Sgurr  Mor,  and  on  the  ridge  that 
separates  Allt  Choire  Mhoir  from  Allt  Choiro  Bhig.  The  pro- 
mment  band  of  quartz-schist  (quartz-biotite-granulite),  about 
200  feet  thick,  has  been  traced  froTii  the  corrie  on  the  east  side 
of  Sgurr  Mhoir,  across  the  watershed,  to  near  the  foot  of  Allt 
Choire  'Btag.  Although  this  mica-schist  group  is  highly 
puckered,  the  sections  on  the  diflb  round  Sgurr  Mor  show  that 
the  rocks  are  inclined  to  the  west,  while  about  three  miles  to  the 
south  they  are  either  vertical  or  highly  inclined  to  the  east 
or  west.  The  bands  of  zoisite-rock,  detected  by  Mr.  Gunn  in 
this  group,  on  the  north  side  of  the  Fannich  Mountains,  have 
been  observed  at  various  locahties  between  Sguir  Mor  and  Loch 
Fannich.  They  occur  in  the  biotite-schist,  in  seams  from  one  to 
three  inches  thick,  which,  on  weathered  sur&ces,  show  prisms  of 
coisite  about  a  quarter  of  an  inch  in  length.  Sometimes,  where 
the  schists  are  highly  puckered,  the  zoisite  rocks  appear  as  small 
lenticles.  Thin  slides  prepared  from  specimens  collected  by  Mr. 
UoKXE  in  this  region,  iiave  been  examined  under  the  microscope 
by  Mr.  Teall,  ^o  has  furnished  the  following  description  of 
them : — 

[8,203.1  Weat  alope  of  Sgurr  Mor  FannicL  Liifht  grey,  fine  grained 
grauulite  with  ( our^picuous  prisms  of  zoisite  about  i  mcli  in  ItMigth  on  the 
Hat  .surface  of  the  specimen.  Under  the  microscope  appear  garnet  (cokmr- 
leds  ia  thin  section),  zoisite  and  quartz,  with  biotite,  chlorite  and  sphene  as 
accessories.  Undoubtedly  allietl  to  Mr,  Gunn's  rock,  but  without  the 
hornblende  ;  qnartz-gariv't-^ojsitc-granulite  or,  in  fhort,  zcisite-granulite. 

[8,205.  Same  locaUty.  Similar  to  the  above  but  darker  aud  containing 
larger  garnets.  Under  the  microscope  are  seen  garnet,  zoisite,  quartz, 
plagicMUitBe,  honiblende  and  biotite.  Opaque  particles  as  in  8)804.  The 
minerals  are  n'>t  uniformly  distributed.  The  hornblende  is  usually  in 
association  witii  tiio  felspar,  and  the  zoisite  svitlx  the  quartz  and  garnet. 
The  rock  is  more  or  leas  banded ;  gamet>«>iKtfr«mphibolite. 

The  eastern  portion  of  th<:  Fannich  rango  is  composed  of 
massive  and  tla^gy  quartzose  schists  with  thin  iijtorcHlations  and 
partings  d  biotite  schist  (No.  5).  These  <]^nart2'biotitG-granulites 
present  the  normal  characters  of  the*'  Mome-schists  "  throughout 
the  coimties  of  Sutherland  and  Ross.  Along  their  line  of  junction 
with  No.  4— the  Sgurr  Mor  biotite-schists  to  the  west—  there  is 
evidence  of  sharp  plication  and  inversion.  In  the  section  in  Allt 
Clioirc  Bhig  the  rocks  of  the  two  groups  arc  vertical,  vlnl'  n 
liio  lofty  crags  of  the  col  between  Sgurr  Mor  and  Muiilau 
Rairi^cfh  the  quartzose  granulites  (No.  5)  have  been  made  to 
overhe  the  biotite-schists  (No.  4).  The  system  of  Z-shaped 
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Fannich  folding  characteristic  ot  this  inversion  is  well  soon  on  the  clift* 
/mJ*  H  ^^'^        ^*  ^^^^  Ohoire  Bhig. 

(Mr.  Home.)  ^Iqw  the  c^istorn  |wrt  of  the  Fanni<  li  ran^^e  from  Meallan 
Rniri<j:i(Th  hy  An  Coilcat  liun  to  thu  mouth  of  Loch  Fannich  the 
membeni  of  grouj)  ")  are  arranged  in  a  great  syncliiml  fold, 
with  the  axis  of  which  the  crest  of  the  range  more  or  loss  coin- 
cides, in  a  south-cast-by-south  direction.  On  both  Umbs  of 
the  fold  the  rocks  dip  at  gentle  angles  of  12'-20*,  till  in  the 
eaatem  limb  of  the  chain  they  become  vertical  or  highly  inclined 
to  the  west.  The  latter  area,  north  of  the  mouth  of  Loch  Fannich, 
ha.s  been  mapped  by  Ma.  PococK,  and  will  be  referred  to  a  little 
further  on. 

An  interesting  feature  in  the  structure  of  the  eastern  part  of 
the  Fannich  range  is  the  occurrence  of  three  outliers  of  biotite- 
schist,  (1)  on  the  crest  of  Meallan  Rairigidb  (3,109  ft.).  (2)  on  An 
Ooileachan,  (8)  on  a  hill  a1>out  a  half  a  mile  to  the  north  of  the 
mouth  of  Loch  Fannich.  These  may  be  outlying  pat(  hcs  of  No. 
4  which  have  been  isolated  by  denudation.  They  form  thin 
cakes  composed  of  flaky  and  granulitic  biotitc-.^chist  resting 
on  the  gently  inclined  quartz-granulitos  (No,  b).  iiie  occurrence 
of  bands  rich  in  zoisite  in  the  first  and  third  of  tiiese  outli^ 
lends  some  support  to  this  correlation. 

No  sills  or  bands  of  hornblende-schist  have  yet  been  detected 
in  the  thick  group  of  siliceous  scliists  or  gneiss  (No.  5)  in  the 
eastern  part  of  the  Fannich  ran<;e.  Pegmatites  are  of  rare 
occurrence.  ThiQ  veins  of  microclinc-pegmatite  have  been 
observed  in  the  granulitic  biotite-scbists  of  Meallan  Rairimdh  and 
a  similar  rock  has  been  noted  in  No.  5  in  Oorrie  BaabhaiSi.  With 
reference  to  the  latter  Mr.  Teall  states  that  "  it  is  not  intfflided 
to  imply  that  soda-fclspars  are  absent  from  these  pegmatites,  but 
only  that  mieroclino  is  present.  They  are  not  purely  albite- 
peernatite'^,  such  as  occur  in  segregations  in  the  Cowal  district 
and  m  South  Devon." 

The  survey  of  the  western  portion  of  the  Fannich  range  was  not 
completed  before  the  beginning  of  the  deer-stalking  season,  when 
mapping  in  forest  ground  issusp^ded,  but  sufficient  evidence  was 
obtaniea  to  prove  that  groups  2  and  3  appear  on  the  western  limb 
of  tin'  fold,  to  the  west  of  A  Chailleach.  where  the  rocks  of  these 
groups  dip  to  the  east  under  the  acid  gneiss  (No.  1).  In  other 
words,  Nos.  2  and  3  can  be  traced  continuously  from  the  west 
slope  of  A  Chailleach,  where  they  have  an  easterfy  dip,  round  the 
northern  limit  of  the  syncline,  thence  to  Sgurr  nan  Cladi  Geala, 
where,  as  already  indicated,  they  rise  to  the  surface  wil^  a 
westerly  (Up. 

Two  hypotheses  may  bo  advanced  to  cxj)lain  these  geological 
relationships,  where  the  acid  gneiss  with  basic  masses  seems  to 
rest  on  the  imderlying  groups  2  and  3.  (1 )  The  structure  may 
be  analogous  to  that  north  of  Loch  i^rarec,  where  the  biotitc-gncissos 
and  hornblende-schists  of  Meall  Biabhach  are  superimposed  on  the 
sodimeTitHrv  series  ofLetterewe.  or  (2)  the  structure  inav  he  fan- 
shaped,  tlio  rocks  of  Lowisian  lad  ies  (  Nn.  1 ),  though  apparently 
the  higliest,  may  in  reality  be  the  lowest,  whUe  the  sei^ueuce  of 
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the  other  groups  may  be  deceptive.   Of  these  hy  potheses,  the  Fannich 
first  seems  the  more  probable,  indeed,  the  uniform  characters  <>f  ^J^^^^o^^  v 
the  Moine-schists,  Nos.  8  and  5,  and  their  persistence  without 
modification  throughout  the  folded  area  of  lannich,  suggest  the 
probability  that  their  crystalline  characters  were  developed  prior 
to  the  Post -Cam  brinn  niovciiH  iiLs, 

The  g^round  tjurvcyed  by  Mr.  Pocock  in  the  same  tract  of  Loch 
Boss-shue  lies  partly  to  the  east  and  partly  to  the  west  of  tli^^^'i'  ^^h 
ground  that  has  been  mapped  by  Mr.  Horne,  and  includes  the  Luichart. 
same  groups  of  rock.  The  eastern  part  of  his  area  comprises  a  (Mr*Pooock.) 
portion  of  the  rough  ground  north  and  south  ff  the  lower  end  of 
Loch  Fannich.  Here  the  rocks  have  lieen  touiul  hy  him  to  be 
remarkably  imiform  in  character  and  structure.  They  consist  of 
flaggy  quartzosc  gneisses  alternating  with  dark-coloured  biotite- 
schists,  m  vertical  beds,  having  a  general  north  and  south  strike. 
On  the  whole,  tlie  c^nartzo-se  gneiss  is  predominant,  but  a  well- 
marked  zone  of  biotite-schist,with  but  few  oandsof  (juartzose  schist, 
has  been  traced  for  a  distance  of  about  four  miles  across  the  area. 
On  tije  western  side  of  this  micaceous  zone  the  breadth  ol  the 
vertical  series  of  (juartzose  schists  is  a  mile  and  a  half.  Beyond 
this,  on  the  west  side,  the  beds  arch  over  abruptly,  and  rise  into 
the  great  cliiis  of  Ben  Aigean,  which  form  so  striking  a  feature 
as  seen  from  the  road  to  Fannich  Lodge.  On  this  cliff  the  strata 
dip  somcM'liat  steeply  to  the  S.W.,  but  they  fliitten  considerably 
as  tluy  are  traced  round  the  es(\arpment  on  the  nortii  side  of  the 
Fannich  Hills  into  the  ground  ni:ippi;d  by  Mk.  Horne,  where 
their  inchnation  falls  to  no  more  than  20  .  At  the  top  of  the 
Ben  Aieean  cliif  overlying  the  quartzose  schists  a  sliffht  synclinal 
fold  holds  an  outlier  of  the  Sgurr  Mor  biotite-scnist  (No.  4 
of  the  Table  on  p.  12).  Tlie  quartzose  schists  here  as  elsewhere 
belong  to  tlio  typical "  Moine  schists  "  (group  No.  5).  The  biotite- 
schist  zone,  just  referred  to  as  occurring,'  to  the  east,  is  closely 
similar  in  cliaracter  to  the  S<nirr  Mor  schist,  jind  most  probably 
is  a  mass  of  the  same  rock  mlded  into  the  quartzose  series  to  a 
depth  of  about  1,400  feet  on  a  north  and 'south  axis.  It  is 
intensely  puckered,  and  is  fidl  of  twisted  lcnti(;l(^s  of  vein-quartz. 
It  is  well  seen  on  tl^e  top  of  Cam  na  Beiste,  a  mile  east  from  the 
lower  etid  of  Loch  Fannich,  where  it  attains  a  maximr.ni  breadth 
of  half  a  mile.  The  crag  at  the  sunnnit  ol"  tbat  hill  is  formed  by 
a  prominent  (^^uartzosc  sub-zone,  which  stands  up  above  the  softer 
features  of  biotite-schist  on  either  side.  The  same  biotite  schist 
forms  the  sunnnit  of  Ben  Dwirgon  the  north  side  of  the  Grudio 
River,  and  is  also  seen  1,400  feet  below  the  top  of  the  hill  in  the 
river  section,  but  is  there  nmch  split  up  by  quartzose  Imnds. 
Tlie  sjnuUer  breadth  of  the  zone  at  this  lower  ievei  may  indicate 
that  the  bottom  of  the  fold  is  not  far  below  tlrnt  point.  Traced 
southwards  into  the  groimd  surveyed  by  Mr.  Peach,  the  biotite- 
schist  rapidly  splits  up  and  dies  out. 

The  quartzose  gneiss  on  the  east  side  of  the  biotite-schist  zone 
resembles  the  Ben  Aigean  series  in  general  diaractcrs,  but  is 
somewhat  more  massive,  and  in  places  contains  thin  folia  of 
pink  felspar.    It  rises  into  the  prominent  crag  which  fonns  the 
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Loch  eastern  .shoulder  of  Ciini  im  Jitisle.    The  zoisite-aiiiphibolite- 

Funnich  already  referred  to,  as  described  by  Mr.  Gunn  from  the 

Loicbaru      biotitc-schist,  has  been  found  abundantly  in  the  quartzoso-schist 
(Mr.  F^wock.)  on  two  horizons  on  the  Ben  Aigean  cliff,  and  abo  on  the  low 
ground  to  the  east  near  the  mouth  of  Allt  a'  Choin  Idhir. 

The  western  part  of  the  area  mapped  by  Mr.  Pocock  includes 
soTiv' 'jfTound  to  the  south-west  of  Loch  Fannich,  in  which  Beinn 
nau  liiimh  (2,333  feet)  is  the  most  conspicuous  mountain.  On 
the  western  slopes  of  tliis  high  ridge  he  hs^  found  a  group  of 
granulitic  quartzose  mica-schists  'miich,  dipping^  to  the  east  at 
about  are  iiner-^ined  and  moie  flaggy  uian  the  t\T>ieAl 
Moine-schists  of  the  district  to  the  east  just  described.  Ihere 
can  bo  little  doubt,  however,  that  they  represent  some  part  of  the 
Fannich  and  Luichart  series.  When  the  ground  lying  to  the 
nortli  has  l>ceu  surveyed  in  detail,  Mk.  Gfnn's  zones  will  pro- 
bably bo  identified  here  also.  So  far  as  the  mapping  has  yet 
gone,  the  biotito-schists  appear  to  be  here  thinner  and  more  split 
up  by  quartzose  bands.  From  the  river  section,  one  mile  east 
from  Leckie,  a  belt  of  biotite- schist,  about  600  feet  thick,  extends 
over  the  peaty  plateau  to  the  north,  ft  is  evenly  foliated  with- 
riit  THuch  muckering,  and  may  represent  one  of'  tlie  micaceous 
zones  whica  attain  a  greater  aevelopment  in  the  Fannich  region 
owing  to  the  extent  to  which  their  folia  have  been  plicated. 
Above  the  biotite-schist  in  apparently  ascending  order,  an  alter- 
nating series  of  micaceous  and  siliceous  schists  passes  up  into 
massive  granulitic  quartzose  cmeiss.  One  or  more  ill-dcfi  ncQ 
belts  of  biotitc-schist  occur  in  this  series,  the  t-otid  thickness  of 
which  may  be  nearly  4,000  feet,  measured  from  the  top  of  the 
belt  of  biotite-schi.sl  near  Leckio.  The  zoisite-amplubolite-rock 
is  fotmd  oceadcnallv  here  also  in  bands  one  or  two  inches  thick. 

The  summit  and  eastern  slopes  of  Ben  Ramh  are  occupied 
by  a  complex  group  of  gneisses  of  different  character,  iraich 
apparently  overnc  the  Moinc-sehists  just  described.  They  are 
distinguished  by  the  frequent  presence  of  dark  hornbfendic 
patches  and  dykes.  The  most  prominent  member  of  the  gioup, 
occupying  by  far  the  largest  part  of  Ben  Kamh,  is  a  coarse 
flaky  gametiierous  gneiss  first  found  by  Mr.  Horne  on  Meall 
Dubh.  In  its  most  typical  form  it  consists  of  coarse  nniscovite 
and  biotite  folia,  is  full  of  dark  red  garnets,  and  contains 
lenticles  of  pegmatite  from  a  quarter  of  an  inch  to  an  inch 
in  thickness.  But  it  presents  considera))le  variations  of  character. 
Some  of  its  finer-gruined  portions  cout^iin  little  or  no  pegmatite 
and  cannot  be  distin^ished  in  hand  specimens  from  the  oidinaiy 
micaceous  Moine-schists.  Others  display  the  pegmatite  drawn 
out  into  parallel  folia  and  in  such  large  proportion  that  the  rock 
assumes  an  acid  character,  while  a  third  class  presents  muscovite 
developed  almost  to  the  exclusion  of  biotite.  The  pcqrnatites 
of  this  rock  deserve  special  mention,  iis  a  few  of  the  larger  veins, 
wliicli  are  several  feet  thick,  contain  a  beautiful  rock  made  up  of 
large  muscorite  plates  varying  up  to  three  inches  in  diameter  set 
in  a  quartzose  matrix  which  is  crowded  with  small  stumpy  prisms 
of  black  tourmaline ;  a  lew  of  the  tourmaline  crystals  attain  a 
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Itnigih  of  four  or  five  inches.    The  hornblendic  portions  of  the  Loth 
flaky  gneiss,  though  sometames  traoeable  as  dykes  for  short  ^^^i, 
distances,  usually  take  the  form  of  irr^ular  rounded  masseB  of  J^i^^ 
edogite.    A  boulder  from  one  OKf  tJiem,  found  on  the  east  side  of  (Mr.Pooock.) 
Ben  RiTTih,  contiiins  a  vein  with  crystals  of  black  hornblende 
three  quartern  of  an  inch  lonsr. 

Closely  associated  with  the  fliiky  gneiss  is  a  granitoid  gneiss 
made  up  of  coarse  white  quartzo-felsnathic  layers  with  intensely 
contorted  micaceous  folia.  It  is  well  seen  on  the  eastern  slopes 
of  Ben  Ramh,  where  it  is  folded  up  with  the  flaky  gneiss  on  a 
general  N.W.  and  S.E.  axis.  Further  west  several  distinct 
outcrops  of  a  similar  rock  occiu",  some  of  which  pass  into  a  fine- 
grained quartzose  gneiss  with  thin  folia  and  "  eyes "  of  felspar 
similar  to  Mii.  Gunn's  "Acid  gneiss  "  (No.  1),  The  basic  portions 
p{  the  granitoid  gneiss' usually  appear  as  homblende-schist 
dykes,  traceable  for  short  distances,  and  folded  with  the  main 
mass  of  the  rock.  East  and  west  of  the  main  outcrop  of  flaky 
gneiss,  l)ut  folded  with  it,  are  masses  of  quartzose  j^-noiss 
Delongin<j^  probably  to  the  Moine-scliist  series,  but  placed  in  this 
group  on  account,  of  the  presence  of  hombleudc-schist  dykes. 
In  many  parts  the  rock  is  indLstinguishable  from  tlie  typical 
quartzose  M oine-schist,  whilst  in  others  the  occurrence  of  thin 
nlspathic  folia  and  "eyes  "  associates  it  with  the  Acid  gneiss. 

Only  one  example  of  later  intrusive  igneous  rocks  was 
observed.  This  is  a  small  lamprophyre  sill  which  occurs  near 
the  southern  shore  of  Loch  Faiuiich. 

At  the  close  of  the  work  for  the  season  among  the  Fannich 
mountains  Mr.  Hobne  moved  into  Easter  Ross  and  continued  ^  ^' 
his  mapping  of  that  district.  The  ^und  there  examined  by 
liiui  included  some  small  tracts  of  schistose  rocks.  In  the  neigh- 
bourhood of  Roscuiarkie  these  rocks  rise  up  from  under  the  Old 
Red  Sandstone  as  the  crystalline  axis  long  ago  described  Ivy 
Hugh  Miller.  The  best  section  in  the  area  mapped  last  year  is 
to  be  seen  on  the  shore,  but  the  original  characters  of  the  rocks 
have  there  been  greatly  altered  oy  the  action  of  the  great 
dislocation  which  extends  from  Loch  Ness  and  the  Great  Glen  up 
the  eastern  coast-line  of  Ross-shire.  The  rocks  have  bem  SO 
brecciated  that  they  break  u|>  into  small  angular  frao^cnts,  and 
a  fresh  fracture  is  consecjuently  diHrioult  to  obtain.  Thev  consist 
of  flaggy  granulitic  biotite-gneis.ses  with  thiii  biinds  and  lenticles 
of  homblende-schist  and  actinolite,  traversed  by  numerous 
yems  and  irregular  masses  of  a  pink  granitoid  rock.  The  latter 
tvpe  of  igiioous  material  is  well  seen  on  the  side  of  the  road  m 
KosemarKic  Glen. 

Another  small  area  of  crystalline  schists  was  manned  bv  Mr.  I"yeniuHK- 
HoRNE  on  the  west  bank  of  the  Be.uily  river  aloni,'  the  western  Kiltarlity 
margin  of  the  Old  Red  Sandstone.    The  rocks  consist  there  of  diairit  t. 
grey  granulitic  quart2s-8chi8ts  ^quartz-biotite-granulites)  with^^'*  H«me.) 
thin  hands  and  partings  of  biotite-schist,  the  uttter  sometimes 
containing  muscovite.  Thin  veins  of  lamprophyre  occur  in  these 
scliists  near  Aigas.    Ncnr  the  margin  of  the  Old  "Red  Sandstone, 
east  of  Glen  Convinth»  the  schists  consist  of  biotite-gneisses, 
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with  thiii  highly-contorted  folia  of  CTanitic  material.  This  series 
is  tmversed  by  veins  of  granite  and  pegmatite  which  recall  the 
type  of  composite  gneisses  in  the  east  m  Sutherland. 

A  small  area  of  metaniorphic  rock  to  the  north-west  of 
Bcauly.also  Tnapjxjd  last  year  by  Mr.  Hinxman,  is  orenpied  In'  a 
scries  pmctically  identical  in  lithological  coiiiposition  with  tho 
rocks  of  UpjMM-  Strathspey.  Tiiesc  ror-k -types  are  also  practically 
identical  with  those  examined  bj  Mr.  li.  N.  Peach  in  the 
Loch  Luichart  district  above  referred  to,  as  well  as  with'  those 
traced  by  Mb.  Gbant-Wilson  far  to  tho  south  at  the  hcad  dP 
Loch  Eil  on  the  West  Coast.  Kocks  of  similar  lithological  types 
have  thus  been  identiHed  in  widely  separated  areas  on  both 
sides  of  the  Great  (Jlen  :  and  it  seems  prijiiable  that  these  two 
groups  will  be  found  persistent  throughout  much  of  the  uij- 
surv'cyed  parts  of  the  Highlands. 


Caithness. 

(Mr.P«eQck.)  Qn  the  oondusion  of  the  brief  season  during  which  mapping 
is  Dossible  in  the  Fannich  Forest  Mb.  Pocock  resumed  his 
fiela-work  of  the  previous  yoav  in  Caithness,  and  mapjxd  an 
additional  area  of  the  schists  which  iu  that  county  rise  from 
under  the  wide  undulating  plain  of  Old  Red  Sandstone  between 
Glut  Lodge,  tho  south  side  of  the  Morven  range,  and  Bmemore.' 

The  rocks  in  this  tract  of  ground  were  found  to  consist  of  (1) 
fine-^frained  granulitic  quartzose  gneisses  and  mica-schists,  with 
granitoid  folia  and  thin  bands  of  granite ;  (2)  coarsc-^^ained 
rudely-foliated  ortlioclase-i^neiss,  with  large  crystals  of  pink 
orthoclase  ;  (3)  massive  siiow-wliite  quartz-schist.  Tlie  first  of 
these  groups  is  the  same  as  that  described  in  the  l^a  imuaiju 
Proffrese  for  1897  as  occurring  near  the  granite  mass  in  the  Glut 
Water.  A  narrow  belt  of  the  same  rocks  is  found  in  the  Berrie^ 
dale  Water  near  Corrichoich,  where  their  relations  to  the  granite 
are  similar.  Occasionally  the  ordinary  type  of  Moine-scnist  is 
met  with,  but  mo.st  commonly  the  gneiss  contains  thin  granitoid 
folia  made  up  chiefly  of  quartz  and  felspar.  In  no  case,  nowever, 
have  chilled  margins  been  observed  either  in  the  folia  or  in  the 
larger  veins  of  granite.  So  thin  are  some  of  the  granitoid  folia 
that  in  hand-specimens  the  composite  nature  of  the  rock  cannot 
be  recognised.  A  striking  resemblance  to  the  "  acid  gneiss  "  of 
Loch  Fannich  is  thus  induced  in  the  more  quartzo.se  portions  of 
tho  schists,  while  the  mit;a-schists,  which  become  coarse  and 
contain  lenticlos  ol  negmatite,  approach  in  lithological  character 
the  flaky  gneiss  oi  Meall  Dulm.  The  occurrence  of  coarse 
intrusive  pegmatites  may  here  be  noticed.  They  are  found  in 
masses  several  feet  thick,  and  consist  of  plates  oi  muscovite 
two  or  three  inch<»s  in  diameter,  with  white  felspar  crystals 
set  in  a  matrix  of  quartz. 

The  orthoclase-gneiss  is  found  extensively  on  tho  low  ground 
on  the  north  side  of  Morven.  It  forms  a  belt  which  crosses  the 
Beniedale  Water  at  some  distance  to  the  west  of  Corrichoich  and 
thins  out  eastwards  between  two  masses  of  granite. 
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A  small  inlier  of  the  same  rock  occuis  within  the  Old  Red  (Mi.P^MOQk.) 

Sandstone  area,  half  a  mile  west  of  Braemore  Lodge.  Tht 
cliaracteristic  feature  of  the  material  is  the  ])rescnce  in  it  of  lai^e 
cr^sUila  of  orthoclase.  varying  up  to  two  iiiches  in  length.  The 
crystals  are  perfectly  formed  or  ahow  a  graphic  mtei;|p:owth  of 
quartz,  and  are  surtounded  by  folia  of  dark  greenish  mica. 
AiigeOrStructUTe  is  frequently  found,  but  in  places  the  ortho- 
clase-crystals  are  so  thickly  crowded  that  the  foliation  of  the 
rock  \s  almost  obhterated.  Tho?v^']i  so  different  in  lithological 
characters  from  the  composite  l(ih  issrs  above  relerred  to,  it 
belong  to  the  sauic  series  and  has  a  similar  origin.  This  can  be 
seen  m  one  of  the  bum-sections  at  the  foot  of  Morven.  A  mica- 
schist  is  there  exposed  of  the  Moine  type  with  folia  of  coarse 
pink  pc^atite,  and  thin  dykes  of  the  simie  material  with  largo 
pink  orthocla.se  cutting"  across  the  foliation.  A  similar  rock  has 
been  descri))ed  by  the  Director-General  in  his  Memoir  on  the 
Old  Red  Sandstone*  as  occurring  on  the  north  side  of  the  Scaraben 
Range.  Tlie  quartz-schist  appears  in  four  separate  masses  in  this 
area^  the  largest  of  which  is  the  Small  Mount  on  the  west  side  of 
Morven.  It  is  of  uniform  character  throughout  and  quite 
distinct  from  the  quartzo.se  Moine-schist.  It  is  composed  almost 
entirely  of  quartz  in  folia  a  few  inches  thick,  much  folded  and 
dipping  at  steep  angles  in  the  same  direction  as  the  Moine- 
sciiists.  Sometimes  a  little  white  mica  is  found  between  the 
folia,  with  vein-quartz  cutting  across  them.  The  quiurtsite  is 
seen  in  contact  with  the  Moine-schist  on  the  north-side  of  the 
Small  Mount,  but  in  other  places  the  i unction  is  obscured  hy 
the  unconfonnablc  overlap  of  the  Old  Red  Sandstone.  Each  of 
the  four  masses  occupies  hi^li  ground,  and  the  quart xite  cannot 
be  traced  across  the  intervenin;^'  low  (ground.  They  occur  as  out- 
liers resting  upon  the  Moine-schists,  though  they  appear  to  be 
folded  up  with  and  conformable  to  the  lower  series.  o  instance 
of  granite  veins  intruded  into  the  quartzite  has  been  observed. 

The  granite  mass,  described  in  the  Summcury  of  Progress  for 
1897,  from  the  hills  Avest  of  Glut  Lodge  has  now  been  traced 
soiuhwards  into  th<'  Berriedalo  valley.  The  hnes  of  structure 
change  somowluit  abruptly  about  three  miles  south  of  Glut 
liOd^e,  from  a  north  and  south  to  an  east  and  west  direction.  The 
granite  is  exposed  in  the  upper  reaches  of  the  Berriedale  water 
near  Gobcmiesgeach,  and  passes  in  an  easterly  or  north-easterly 
direction  along  the  left  bank  of  the  river  nearly  as  far  as 
Braemore,  whence  it  crosses  the  watershed  into  the  Dunbeath  ' 
valley  and  passes  under  the  Old  Eed  Sandstone.  It  presents 
the  usual  features,  which  have  been  deiscribed  in  former  lieports. 
Jn  this- district,  however,  it  is  rarely  foliated.  Along  its  margin 
it  is  often  coarse  and  highly  micaceous,  and  it  is  cut  by  veins  of 
more  acid  pink  granite.  The  pink  granite,  which  is  a  later 
intrusion,  and  is  distiniinii'^bed  by  the  colour  of  its  felspar  from 
the  grey  rock  just  referred  to.  attains  a  considerable  develop- 
ment on  the  north  aide  of  the  Dunbeath  Water,  where  it  has 

*  Trans.  Koy,  Soc.  £din.,  vol.  xxviiL  (1878),  p.  368. 
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(Hr.FoeMk.)  furnished  the  materudsof  which  the  basement  beds  of  the  Old 
Red  Sandstone  are  composed.  It  is  to  this  later  intrusion  that 
tho  pink  pegmatites  »>*  the  ortlioclaso-gneiss  (IfKcribcd  al)C)ve 
are  attributed.  An  cariier  basic  intru.si(>n  was  observed  a  .sliort 
disUiuce  east  of  (Toberniesgeach.  It  is  a  tpiartz-diorite,  con- 
taming  a  little  brown  mica,  and  it  appears  to  be  of  considerable 
extent,  but  has  not  yet  been  completely  mapped.  It  is  cut  by 
veins  of  white  pegmatite. 

Dalradian  or  YouNt.Ei:  Schists  of  the  Scottish 

Highlands. 

In  continuation  of  the  arrangement  followed  for  some  years 
pa.st  in  the  dis;tribution  of  the  field-work  in  the  Highland  region 
to  the  east  of  the  Great  Glen,  a  series  of  stations  has  been  taken 
by  the  Surveyors,  from  Aljcrdeensliirc  in  tlie  north-east  to 
Argyllshire  in  the  south- west.  Jn  the  upper  part  of  the  Valley 
of  the  Dee  Mr.  Barrow  and  Mr.  Cunninohah-Craio  have 
prosecuted  tho  sur\'ey  of  the  high  grounds  to  the  north  and 
south  of  the  valley.  Mr.  Hinxman  has  carried  his  mapping 
further  into  the  upper  basin  of  the  Spey  and  the  Monadnnatn 
Movmtains.  Jj'urttier  to  the  south  Mr.  Cunntngham-Craio  was 
occupied  during  part  of  the  season  in  surveying  certain  tracts 
that  remained  to  be  completed  in  Perthsmre.  Towards  the 
south-west,  some  parts  of  the  ciystalline  schists  came  into  the 
area  surveyed  by  Mr.  Kynaston  around  Glen  Etive  and  Loch 
Awe.  In  the  Oban  district  additional  tracts  of  these  scln'sts  have 
been  mapped  by  Mr.  Symes.  On  both  sides  of  Loch  Linnhe  and 
Loeh  En  fresh  grounti  was  broken  by  Mr.  Grant-Wilson. 
Auiong  the  islands  a  considerable  new  tract  in  Jura  was 
mapped  by  Mr.  Wilkinson,  and  in  the  northern  half  of  Arnin 
the  survey  of  the  belt  of  schists  was  continued  by  Mr.  GunN, 
Each  of  these  officers  has  fumitdied  an  account  of  the  progress 
of  his  work,  and  their  reports  are  here  inserted  in  tne  geo- 
graphical order  just  given. 

Aberdeenshire. 

Braemar.  In  the  district  of  Braemar  snn^ejed  by  Mr.  BARRmv  the  same 
(Mr. Barrow.)  highly  quartzose  roeks  described  in  ])r('vions  Huports  have  been 
encoimtered,  and  have  been  found  to  be  stdl  disposed  in 
isoclinal  folds.  In  the  great  mountains  of  quartzite,  which  form 
so  conspicuous  a  feature  in  the  scenery  of  the  Central  Highlands, 
the  limbs  of  these  folds  can  be  seen  to  be  for  the  most  part 
straight,  and  to  be  inclined  at  a  high  angle.  This  structure  is 
displayed  among  the  lien  y  Ghlo  Mountains  up  to  a  height  of 
2,400  feet.  Further  to  the  north,  however,  m  the  direction 
of  Braemar,  these  straight  limbs  hemn  to  "  buckle,"  and  this 
"  buckling  "  continues  tul  a  series  of  approximately  horizontal 
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minor  plications  is  superinduced  on  the  older  vertica}  or  straight-  BiMoar. 
limbed  folding,  as  may  be  clearly  seen  in  the  qiiartzite  mounuin  (Bfc.Banww.) 
south-east  of  Braemar.   The  structure  thus  produced  is  identical 

%vith  that  observed  in  the  ^fome-schists  or  castom  pTieisst»s  of 
Sutherland,  Ross,  and  Western  InvcuKss  shire.  It  is  found  over 
the  whole  of  the  district  to  the  north  ot  the  Dee,  though  owing 
to  the  great  number  of  normal  faults,  the  horizontaUty  of  the 
bedding  planes  has  been  considerably  disturbed.  An  exami- 
nation of  scar-fiices,  such  as  those  seen  in  the  Slugsan  Bum, 
indicates  that,  in  spite  of  the  horizoiiUlity  of  the  beaaing,  some 
distinctly  re'^onrnisanle  band  mny  be  found  to  ascend  vertifally 
through  tlii.'  mass  of  rock.  At  tlie  top  of  the  main  quartzite 
a  peculiarly  tim  winte  siliceous  band  of  a  very  distinctive 
character  forms  a  readily  traceable  horizon,  by  means  of  whidi  the 
total  original  thickness  of  the  pink  and  grey  quartzose  rocks 
above  the  quarzite  proper  can  be  proved  to  be  really  small — 
probably  not  more  tTian  HO  feet,  lliis  white  hand  is  met  with 
repeatedly  in  every  direetion,  and  its  eonstant  repetition  indicates 
that  in  spite  of  the  great  area  which  th«  v  cover,  and  the 
apparently  groat  thickness  which  they  reach,  these  quartzites 
must  be  reduplicated  again  and  again  upon  each  other.  As  in 
the  area  south  of  the  Dee,  the  hignly  quartzose  rock  above  the 
true  quartzite  is  often  replaced  by  the  black  schist,  or  rather,  in 
this  part  of  the  district,  liy  homfels,  with  its  associated  tremolite- 
rock.  The  honifels  rooks,  or  dark  schist,  as  well  as  the  pink  and 
grey  quartzose  rocks,  boili  rest  on  the  top  of  the  white  quartzite, 
and  one  occurs  to  the  exclusion  of  the  otner.  The  little  band  of 
tremolite  rock,  originally  an  impure  limestone,  has  proved  of 
great  importance  as  a  stratigraphical  horizon.  By  means  of  it 
the  (juartzosc  rocks  above  wnicn  it  occurs  can  be  proved  to  be  a 
contmuation  of  the  Central  Highland  Quartzite,  in  spite  of 
the  difference  in  aspect  which  the  "  Moine  -structure  imparts  to 
the  rocks  as  a  whole.  Thus  the  tremolite-rock,  taken  together 
with  the  white  band  at  the  top  of  the  quartzite,  affords 
evidence  tiiat  the  original  thickness  of  this  part  of  the  High- 
land series  was  small.  After  walking  for  hours  across  the  line 
of  strike,  with  the  dip  persistently  in  one  direction,  the  observer 
may  end  at  exactly  the  same  horizon  as  that  from  which  he 
started. 

Attention  lias  been  drawn  in  previous  Reports  to  the  occur- 
rence in  the  Highlands  of  rocks  that  nresent  a  brittle  cross- 
fracture,  are  enturely  devoid  of  tnie  schistosity,  and  display  a 
structure  and  composition  identical  with  those  foimd  in  rocks 
that  have  been  invaded  by  or  engulphed  in  granite  masses.  Tn 
the  course  of  the  tield-work  last  year  this  type  of  alteration  has 
been  observed  to  be  largely  developed  in  what  was  originally  a 
dark  shale  that  accompanied  the  liraestoncL  The  metamorphism 
along  what  may  be  conveniently  called  the  central  part  of  the 
zone  of  alteration  has  resulted  in  the  production  of  a  dark 
cordierite-hornfels  with  a  resuious  cross-fracture;  a  rock  of  this 
type  extends  in  a  series  of  diseonnectrd  masses  pr*>h;d)ly  as  far 
north  as  the  area  formerly  surveyed  by  Mr.  Minx  man,  about 
Loch  Builg. 
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Braemar.  As  tho  camo  of  this  type  of  alteration  is  a  matter  of  dispute, 
(Mr.Barrow.)  a  summary  may  here  be  given  of  the  facts  observed  regarding  it 
in  the  Braemar  district.  While  rocks  that  were  originally  fcrey 
shales  or  calcareous  shales  freouentlvshow  this  type  of  alteration, 
those  that  were  originally  sanav  fihtiles  seem  rarely  to  show  it, 
but  are  almost  always  more  or  less  schistose,  or  in  hi;L,'hly  crystal- 
line areii^  <_rnoissose.  Some  (  onnection  uuiy  therei(»n'  hv  pre- 
sumed to  exist  between  dirlereiice  in  mmle  of  alteration^  and 
dirteronce  in  composition.  So  fur  as  Mr.  Uarkow's  oxperienoe 
has  ^one,  the  "homfels"  typo  of  alteration  has  been  found 
by  him  only  in  those  areas  of  the  Highlands  where  the 
portion  of  the  older  granites  oocurs  that  was  intrudc<l  prior  to 
the  schistosity-movemonts,  snch  as  the  well-known  Ben  Viiroc^h 
granite.  Tlio  indiirat(<l  tispect  of  this  typo  no  doubt  often 
extends  considerably  beyond  tho  area  where  tlie  igneous  material 
appears  at  the  surface,  but  the  careful  examination  of  a 
hux(j  area  has  served  to  point  out  a  close  connection  between  the 
early  intrusions  and  the  nomfels  typ«f  of  alteration. 

In  illustration  of  these  conclusions  rcfcrrnrc  may  hero  bo 
made  to  tho  Braemar  district,  in  which  a  train  of  intrusions  of 
tho  early  intrusive  material  lias  ten  traced  along  a  line  that 
extends  for  some  80  nkiles  from  tho  lower  end  of  Glen  Tilt  to 
some  distance  beyond  the  yalley  of  the  Dee.  This  line  is  ag 
straight  as  an  arrow,  and  in  every  instance  the  more  distmctlv 
contact  (thermometamorphic)  type  of  alteration  is  met  with 
around  these  intrusions.    Tho  etVcct  of  the  uprise  of  the  phitonic 
material  on  tho  rocl<s  poiiotratod  by  it  lias  naturally  depended 
upon   tho  amount  of   ignouus  material  present,  and  in  the 
Braemar  area  where  these  intrusions  are  small  in  amount 
Mr.  Barbow  infers  that  the  granite,  bein^  injected  before  the 
development  of  the  sehistosity  of  the  rocks,  simply  indurated 
tho  grey  and  calcareous  shales,  but  did  not  indurate  sandy 
shales.     Hence  the  indurated  shales  were  afterwards  able  to 
resist  the  schist^^sity-movements,  while  the  non-indurated  shales 
did  not  possess  cohesion  enough  to  do  so.     Owing  to  the 
envious  force  ci  these  movements  the  marrins  of  an  area  of 
early  induration  are  aXways  broken  down,  the  nomfels-rock  being 
cut  up  into  lentides.   This  lenticular  dislocation  is  an  extremely 
common  feature  of  areas  in  wliieli  tlio  homfels-typo  of  alteration 
oorurs.    FroTii  n  ooiiiparison  uf  tlio  broken  down  part  with  tho 
unmoved  hornfois-rot.:ks  it  is  inforrod  that  the  crystallisation 
which  they  display  has  mainly  taken  place  since  the  breaking 
down  or  schistosity-movements,  for  ooth  kinds  of  rock  are 
j>r.ictically  equally  Crystalline.     A  small  patch  of  tlu-  early 
induration  has  escaped  enishing  quite  <  lose  to  the  margin  of  the 
newer  granite  of  the  <xrcat  Cairnirorni  traot     Coinparinsr  tliis 
patch  with  the  hornfels-rock  neaivr  iIk-  Bridge  ot  l)<'o  ;»r<a, 
Mr.  Barrow  has  noticed  that  the  conUict-typo  of  alteration 
(felspar-homfels)  is  less  pronounced  close  to  tlie  great  mass  of 
granite  than  it  is  at  a  distance  of  three  miles  ofC   Apiin  he  has 
observed  that  in  Glen  Cluny  there  is  still  clearer  evidence  that 
the  £pohoagar  granite,  which  is  also  one  of  the  youn^  intni* 
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sions,  has  not  produced  the  hornfels  type  of  alteration.  Where 
the  older  cranite  comes  to  tlie  surface  at  Newbigging,  about  four 
piilci)  soutn  of  Braemur,  the  indurated  or  hornfels  aspect  of  the 
^ajitered  grey  shale  (now  audaiubilc  iiornl'els)  is  well  marked. 

In.  ^tjbauing  his  work  northwards  from  the  line  of  the  river  Bmnftr. 
Dee  in  the  Braemar  distnct,  Mr.  Cunningham-Craio  observed  (^J^runninp 
some  marked  differences  in  the  characters  of  the  crystalline 
schists  from  those  pre^Housl}-  described.  He  found  the  change  to 
take  place  souiowhat  suddenly  along  a  line  which,  in  the  ncigh- 
Iwurhood  of  liraemar,  coinciaes  practically  with  the  course  of 
tihe  Dee. 

As  for  as  can  be  observed,  this  ckingt  in  the  chamcter  of  the 
rocks  cannot  he  accounted  for  by  cither  a  fiuilt  or  an  unconform- 

ability,  but  appears  rather  to  bo  due  to  a  comparativdv  sudden 
alteration  in  the  character  of  the  metamorphism.  To  tno  north- 
Ward  of  this  line  fhe  rocks  appear  to  have  suffered  to  a  much 
greater  extent  from  shearing,  prior  to  granulitization.  In  con- 
sequence, the  normal  rock-type  of  this  area  is  a  banded  and 
flaggy  graniilitic  gneiss,  the  different  hands  bein^  firequentlj 
Shaxply  defined,  and  varying  considerably  in  oompositiont  Dips 
are  almost  invariably  low  and  undulating. 

Except  for  one  small  exposure  immediately  north  of  the 
alluvial  flat  at  Braemar,  the  limestone  and  black  schist,  already 
deacnbed  in  former  Reports,  do  not  appear  in  this  area,  till 
brought  up  by  the  Clais  na  flieama  fault  in  Glen  Lui,  six  miles 
16  the  westward  of  firaemar.  The  ^nrevailing  type  of  rook  is  a 
f^^zanuHtac  biotite-gneiss,  essentially  siliceous,  out  frequently  con- 
taining very  felspathic  hands.  Muscovite  is  sometiTnes  con- 
spicuous, and  is  often  developed  in  felted  plates  on  the  foliation 
planes,  giving  the  rock  a  schistose  character.  Biotite  is  invariably 
present,  the  t[uantity  varying  in  diftbrent  bands.  What  is  known 
Aft  colour-banding  "  {Swmmary  of  Progress  for  1897,  p.  48),  the 
nresence  of  thin  umuuB  of  heavy  minerals,  concentrated  and 
deposited  by  current  action,  may  occasionally  be  detected. 

Certain  horizons  are  marked  by  thin  hnnds  of  cniartzitc  closely 
resembling  m  tt  xtnro  the  saccharoid  quarlzite  ot  the  area  south 
of  the  Dee,  but  a  parallel  structure  is  more  prevalent,  muacovite 
having  been  developed  on  the  foliation  planes  at  the  expense  of 
&e  fc&par. 

The  relations  of  this  series  of  flaggy  graaulitic  biotite-gneisses 
between  the  Dee  and  the  Cairngorm  granite  (described  in  last 
S^ntrmnr^f  of  Progress,  47-52)  to  the  limestone  and  black 
schist,  are  not  clearly  seen  in  the  eastern  part  of  the  area 
surveyed  by  Mk.  Cunningham-Cbaig,  the  section  near  Braemar, 
where  calcareous  and  argillaceous  rocks  are  exposed,  being  much 
complicated  and  obscurSl  by  igneous  intrusions.  Tlie  lower  part 
of  the  section,  however,  displays  an  impure  sheared  quartzite, 
which  appears  to  be  in  conformable  succession  with  the  calcareous 
rocks. 

Sections  in  Clen  Lui  and  Glen  Derr\',  six  miles  west  of 
Braemar,  show  that  in  traversing  this  scries  of  gneisses  we  are 
neiirer  fac  from  the  horizon  of  the  Umestotie.    A  &ult,  running 
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Braemar.      approximately  north-east  and  soutli-wcst .  brings  up  the  liniostone 
^*h''^  c™A?i  with  an  inchuled  fold  of  black  schist  ,  and  the  ciilcareoiis  rocks 
un-uraig.)  ^  folded  with  the  gneiss  in  precisely  the  same  manner  as  the 

auartzite  and  hniestone  are  folded  in  the  Glen  Ey  area,  the  only 
iftbrence  being  that  the  folds  in  the  northern  tract  are  approxi- 
mately horizontal.  Af  <>no  point  a  thm  band  of  quart /ite  is 
noticed  between  the  margin  of  the  liiiicstono  and  the  gneiss,  s 

The  series  of  granulitic  flags  and  schists  thus  appears  to  take 
the  place  of  the  c^uartzitc,  and  as  no  evidence  has  been  found  of 
an  unoonfonnabihty  between  the  isolated  quartzite  bands  and 
the  flaggy  gneisses,  the  two  types  of  rock  would  seem  to  be 
equivalents.  A  section  south  of  the  Linn  of  Dee,  approximately 
on  tlu!  lino  where  t]M>  ^tlt  f  ts  of  shearing  become  more  con- 
spicuous, contiriiis  this  intert  nce  by  expo.sing  several  bands  of 
saccharoid  quartzite,  folded  and  apparently  intercalated  with 
massive  bands  of  biotite-gneiss,  which  do  not  exhibit  a  banded 
or  flaggy  aspect.  In  the  area  for  some  distance  to  the  southward, 
similar  intercalations  i&e  to  be  seen,  the  quartzite  gradually 
becoiuing  Tiiore  predominant.  Northward,  on  the  other  hand, 
the  (piarlzite  becomes  ](iss  conspicuous,  rtkI  the  rocks  lose  their 
massive  character  under  the  innucn(;e  ot  shearing  forces,  so  that 
fchev  appear  as  flaggy  and  banded  gneisses  ana  schists.  The 
oTiaenoe  hitherto  obtained  points  mer^ore  to  the  condusion 
that  these  granulitic  and  flaggy  gneisses  are  the  representatiyes 
of  the  quartzite,  which  seems  to  nave  undergone  some  change  in 
its  origiual  lithological  character  as  it  streteli*  d  towards  the 
north,  whihst  it  has  also  partly,  no  doubt  in  consecjuence  of  its 
change  in  coniposition,  suffered  to  a  greater  extent  from  th© 
eflects  of  the  shearing  forces. 

The  cause  of  the  greater  shearing  in  the  northern  parts  of  the 
district  may  probablv  be  lookefl  for  in  the  bending  over  and 
flattening  of  the  isoclinal  folds,  along  a  line  to  the  south  of  and 
parallel  to  that  w}ii(  h  marks  the  southern  limit  of  the  shear 
area  Such  a  bonding  of  a  vcitically  packed  isocline  must 
necessarily  have  been  accoinpanied  by  shearii»g  stress  in  the 
horizontal  limb. 

In  Glen  Lui,  immediately  above  the  limestone  escarpm^t* 
about  thirty  feet  of  a  banc!  of  peculiar  granulites  are  exposed 
between  the  limestone  and  the  granulitic  gneiss.  These  rocks 
are  fincly-bandod,  rich  in  alkali-felspar,  and  destitute  of  (luartz, 
while  their  other  constituents  give  evidence  of  such  an  alkaline 
composition  as  to  suggest  an  originallv  igneous  origin  for  their 
matenal.  Mk.  Teall,  who  examined  several  specimens,  has 
determinecl  a-girine  in  one  band,  and  this  mineral  W  since  been 
detected  in  other  bands.  Biotite  and  a  pale  garnet  are  always 
nreseiit,  while  uui.scovite  and  epidote  characterise  certain  hands. 
Near  the  limestone  a  band  ot  aciiuolite-schist,  possibly  repre- 
sentii^if  the  impure  edge  of  the  limestone,  has  been  recognised, 
wlnh^  a  pale  tremolite-schist  may  also  be  seen  among  the 
relspathic  granulitic  bauds.  It  is  hoped  that  subsequent  exami- 
nation and^research  may  determine  the  origin  of  these  granulites. 
^  ?anwhile  it  is  clear  thftt  the  ielspathic  bands  have  become 
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incorporated  with  material  at  the  margin  of  the  limestone  during  nractnar. 
the  movements  and  metamorphic  processes  which  preceded  tMr.Cunnii  ;;- 

franulitisation.  The  following  determinations  were  supplied  *»«"»*C»»g-) 
y  Mb.  Tball  fifom  his  examination  of  some  of  the  specimens : — 

"[8216.]  Epidote  -  gramilite.  A  somewhat  coarse-grained  grariulitic  or 
granular  aggregate  of  alkali -feUpar,  epidute  and  green  biotite,  with  a 
odoarleas  gftmet»  sphene  and  apatite  as  accessories.  The  a|>atite  occurs  in 
hexagonal  prisms  and  has  all  the  characters  of  the  apatite  of  igneous  rocks." 

"[8217.]  ^girine-granulite.  Alkali-felspar,  yellow  garnet,  a^girinc  and 
biotite,  with  magnetite  in  sharply  detined  cH^tahedra,  a]»atite  and  probably 
Bphene  as  acoessories.  The  garnet  occurs  in  more  or  less  idiomorphic 
crystals  and  as  aggregates.  It  re^emWes  in  colour  the  pale  tints  of  the 
melanite  of  the  borolanites.  The  agiriuo  is  bright  green:  it  can  be 
definitely  determined  by  examining  the  powder  of  the  rock.  Trie  prismatic 
fragments  give  nearly  straight  extinction  ,Wid  the  greatest  axis  ol  elas- 
ticity is  approximately  parallel  to  the  long  axis  of  the  fragment." 

**[8273.]  Mica-schist.  Alkali-felspar  similar  to  that  in  the  above  rocks, 
white  micsL  chlorite  and  colourless  garnet  lai^riy  replaced  by  chlorite ;  with 
epidote,  sphene  and  apatite  as  accessor;  ' 

The  distinguishing  feature  of  the  group  is  the  presence  of  an  alkali- 
felspar  containing  botn  potash  and  soda,  ana  therefore  iraobably  belonging 
to  the  anorthoclase  group.  This  takoi  in  connection  with  the  absence  or 
quartz  distinguishes  the  group  from  all  the  other  Highland  schists.  The 
presence  of  aegirine  and  of  a  garnet  allied  to  the  garnet  cf  the  borolaiiitee 
le  another  peculiar  feature." 

The  younger  Granites  of  the  Grampian  Hills. 

While  working  in  the  Braemar  district  last  year  Mr.  Babbow  (Blr.B«iiow.) 

and  Mr.  Ct^nningh.^m-Ckaig  have  been  able  to  add  to  onr 
knowledge  of  the  characters  of  the  younger  masses  of  irninito 
which  occupy  such  extensive  tracts  of  the  central  dranipians, 
Each  of  these  observers  has  furnished  thS'  accoimt  of  his  own 
observations. 

In  the  area  esuimined  by  Mb.  Barrow  he  has  obeenred  four 
rock-types  among  the  younger  granitic  intrusions:  1,  Diorite; 

2,  the  groat   masses  of  reef  granite  (Cairngorm,  Lochnagar) ; 

3,  residual  white  or  pale  granite  with  biotite ;  4,  residual  white 
or  mle  granite  with  muscovite  and  a  little  biotite. 

The  Diorite  varies  much  in  composition,  and  appears  re- 
peatedly oyer  an  area  bounded  to  the  north  bv  the  Cairngorm 
granite  mass,  to  the  soutli  by  the  Dee,  and  to  the  west  by  a  lino 
drawn  from  Invercauld  House  due  north  to  llie  head  of  the 
Gaim.  In  tho  western  piirt  of  this  tract  the  intrusions  of  the 
rock  are  extremely  numerous.  They  vary  in  si/e  from  patches 
only  a  few  yards  broad  to  masses  100  yards  broad  ntid  a  quarter 
of  a  mile  long.  Further  east,  while  small  ])atche8  are  still  Mrly 
frequent,  the  larger  attain  greater  dimension.s  till  they  eventu- 
ally merge  into  one  of  the  great  masses  of  diorite  which  occur 
at  inter\'aLs  on  the  north  si(le  of  the  Dee  from  Braemar  to  the 
cotust.  The  al)undant  small  patches  may  ho  regarded  as  siiiiply 
projections  from  the  upper  surface  of  a  large  mass  which  must 
extend  for  a  considerable  distance  over  this  district  at  no  great 
depUi  below  the  present  8iurfooe> 
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(Mr.Bwroir.)    The  acid  residual  material  (3  and  4)  is  of  special  iiiLcrcst. 

It  occurs  as  a  great  numl)cr  of  small  intrusions,  which  aro 
usually  coarsely  crystalline  in  texture  up  to  their  margins. 
These  small  intrusions  of  the  biotite-beanng  granite  are  so 
ooinmon  on  Cairn  Liath  as  to  closely  simulate  the  pheno* 
menu  of  permeation,  so  often  shown  by  the  older  granites; 
the  chief  dirtVroTif'o  being  that  they  are  olenrlv  intrusions, 
and  (1«>  n>>t  )>r(  soiit  the  appeanuice  of  being  part  and  parcel 
of  the  ultero<l  rucks,  us  tlio  older  granite  so  ireuuently  does. 
In  many  cases  they  seem  to  haye  fused  the  edges  ot  the  diorite, 
when  in  actual  contact  with  it>  and  then  the  nale  granite 
contains  numerous  we<lge-shaped  8phenes,ohviously  oeriTed  from 
the  diorite  in  which  the  spheties  are  nlnmdant.  Moreover,  the 
giunite  in  such  cases  is  well  foliated.  The  t<Mideney  to  foliation 
IS  not,  however,  confined  to  the  r(>(  k  at  the  edges  of  llie  diorite, 
it  occurs  over  the  whole  southern  part  of  this  area,  being 
specially  well  shown  to  the  east  of  Biaemar. 

From  its  whiteness,  hardness,  frequent  foliation,  and  the  pre- 
sence in  it  of  minerals  hitherto  only  met  with  in  the  older  granite, 
this  granite  was  elasscd  with  the  latter  roek  in  the  Summary  of 
Progress  for  This  view  of  its  relations  has  now  been 

abandoned  by  Me.  Barrow,  for  he  has  since  found  that,  not- 
withstanding its  resemblance  to  the  older  granite,  it  actually 
intrudes  into  and  must  therefore  be  younger  than  the  diorite, 
which  can  be  proved  to  be  much  later  than  the  older  granite. 
Aloncf  its  jnnetion  with  the  diorite  this  granite,  which  assumes 
so  deceptive  a  likeness  to  the  material  M  the  earlifs!  intrusions, 
passes  nisfUHibly  into  the  more  hasic  r(.>ek,  and  includr.s  a  con- 
siderable number  of  the  wedge-shapetl  sphenes,  so  characteristic 
of  the^  latter  in  this  area.  A  good  instance  of  this  passage  is 
met  with  on  the  foot-path  from  Invercauld  to  Loch  Builg  at  the 
north  end  of  the  Invercauld  woods ;  and  similar  passages  may 
be  seen  further  north.  The  hard  white  sills  of  the  Brncmar 
area,  into  wliieli  llii.s  pale  granite  passes,  were  also  .snj)|>(»v«'fl  to 
belong  to  the  mirlier  gmniles ;  but  there  can  now  bu  no  doubt 
that  both  should  be  considered  members  of  the  newer  granite 
series. 

With  regard  to  the  origin  of  this  pale  granitic  materijil,  Mb. 
Barrow  is  disposed  to  look  upon  it  as  a  residual  acid  piirt  of 
the  youniifer  jirranitc,  which  was  the  last  to  separate  out.  Like 
the  residual  parts  of  the  older  granites,  it  shows  ^>egma(ite  of 
graphie  structures  in  a  great  number  of  insLiinees.  It  again 
resembles  the  pegmatitic  material  of  the  older  granites  in  the 
local  abundance  in  it  of  garnets  and  epidote,  though  these 
minerals  are  entirely  absent  from  a  considerable  number  of  the 
small  intrusions.  So  fjir  ns  at  present  known  the  garnets  oeeur 
in  no  other  part  uf  the  newer  graiiit'\  nor  lias  this  pale  acid 
material  been  observed  to  exist  in  considerable  quantity  in  any 
other  part  of  the  Highlands. 

The  acid  material  containing  white  mica  often  makes  its 
appearance  inside  the  great  Lochnagar  mass  of  granite,  but  is 
nerer  coarsely  crystalline.    Its  junction  with  the  main  body  of 
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granite  is  alwa^'s  sharp  in  a  hand-specimen,  and  its  margins  are  (Mr. Barrow.) 
&uiy  fine-grained.     The  tendency  to  minute  subdivision,  so 
nuurked  in  the  area  invaded  bj  the  diorite,  is  entirely  absent  in 
thegianita 

The  Cairvgonn  Granite. — A  large  part  of  this  extensive 
intrusion  has  now  been  mapped.  Its  nortlu  ni  and  western 
tracts  liave  been  examined  by  Mr.  Hinjw.vian,  as  stated  in 
former  Annual  Keports.  Mb.  Babbow  has  touched  it  on  its 
eastern  border,  vhile  HIb.  Cunxikoham-Obaio  has  last  year 
entered  upon  its  southern  heights. 

Tho  small  part  of  the  Cairngorm  granite  mapped  last  year  by 
Mh.  Barrow  is  situated  about  the  head  of  the  valley  of  the 
Gaim  The  rock  is  there  of  tho  usual  red  colour,  and  is  com- 
posed of  potash-felspar,  quariz,  pia^ioclase,  and  a  little  brown 
mica.  It  contains  more  potash^fdspar  aiod  less  brown  mica 
than  either  the  Lochnaear  or  the  Kincardineshire  masses,  and  it 
is  on  the  whole  slightly  more  acid.  like  those  masses  it.  is 
always  much  decomposed  near  the  surface,  so  that  a  good 
specmien  for  microscopic  examination  is  not  readily  procurable. 
Althoujj^h  tiie  actual  junction  of  the  igneous  rock  with  the 
adjacent  altered  sediments  is  not  to  be  seen,  a  narrow  gully 
has  been  eroded  along  the  boundaiy  line  for  more  than 
half  a  mile^  exposing  the  bare  granite  and  the  altered  sedi- 
ments wiUun  a  few  feet  of  each  other  on  opposite  sides. 
The  granite  is  apparently  somewhat  coarse  in  grain  np  to 
its  margin,  but  along  its  borders  there  orours  a  great  ninnbor 
of  more  recently  intruded  patches  of  the  peculiar  soft  red 
granite,  full  of  cavities,  that  is  so  abundant  on  the  margin 
of  the  eranite  near  Ballater.  This  substance  varies  in 
texture  m>m  a  markedly  coarse  rock  to  a  comparatively  fine 
one,  but  no  evidence  has  been  obt^iined  to  account  for  the 
curious  variation  in  texture.  The  adjacent  altered  sediments 
are  singularly  free  from  igneous  material.  No  trace  of  any 
permeation  of  these  rocks  by  material  proceeding  from  the 
Ijreat  granite  mass  has  been  detected  here.  A  specmien  taken 
SIX  feet  from  the  edge  of  the  granite  has  been  found  to  be 
identical  in  crystallisation  with  a  specimen  of  similar  compo- 
s\{\nn  taken  two  mile<^  distant  from  the  granite.  In  tnis 
district  therefore  the  granite  does  not  appear  to  have  produced 
any  appreciable  metamorphism  of  the  adjacent  rocks. 

In  the  area  of  the  upper  basin  of  the  Dee,  mappefl  last  year  (Mr.  Cun. 
by  BCb.  OmrniNaHAM-C^AiG,  other  masses  of  the  younger  granite  nin^Ma- 
intrusions  were  examined.    In  the  very  heart  of  the  Cairngorm  ^'■■••^ 
Mountains,  near  the  head  of  Glen  Derry,  he  came  upon  an 
irregular  mass  of  basic  diorite,  coYcrini]:  nearly  a  square  mile  of 

f round.  On  its  northern  and  sontlu  rn  sides  tbis  mass  is  hounded 
y  granulitic  biotite-gneisses  and  granulites,  while  on  llie 
eastern  and  at  one  point  on  the  western  side  it  is  in  contact  with 
the  CSaimgorm  granite,  which  also  surrounds  and  includes  the 
granulitic  gneisses.  The  intrusion  of  this  diorito  has  taken  place 
prior  to  tluit  of  the  granite,  and  when'  the  two  rocks  come 
together  a  good  example  of  "  melange  "-junction  is  seen;  the  granite 
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(Mr.  Gnu*    lifts  apparently  fused  the  margin  of  the  diorite,  and  consideiablj 

mn}^'ham-  mo<lihed  the  Composition  of  the  affeeted  zone  by  the  introduction 
«■««•)  q(  jj^j^j  material.  Thus,  in  passing  across  tiie  junction  from 
granite  to  diorite.  tlie  granite  is  o!>sorvcd  to  become  finer  in  grain, 
and  to  cont,nin  nioro  hiotito,  this  i.s  siicreetled  by  a  rock  which 
Mh.  TtALL  has  cxaniiiied  iiiiuroscopicaliy  und  describes  as  "biotite 
diorite  composed  of  zoned  ana  more  or  lees  idk>moiphio 
plagioclase  (oligocluse-andesine),  biotite,  interatitial  <^uartz  and 
iron  ores,"  while,  farther  on  and  throughout  the  main  mass  of 
the  diorite,  the  rock  has  been  found  by  the  same  observ^er  to  be 
composed  of  "  labradorite,  biotite,  augite,  fibrous  hornblende,  in 
large  part,  if  not  entirely  after  augite,  and  iron  ores,"  and  may  be 
descrioed  as  an  "  augito  diorite." 

In  the  thirteen  square  miles  of  Caimgonn  granite  that  were 
surrejed  last  year  by  Mr.  Cunxingu am -Craig,  three  types  have 
been  recop^nised  and  separated  by  hini.  They  appear  to  be  of 
slightly  ditferent  nc^es,  but  their  relations  to  one  another  are  not 
as  a  rule  clearly  shown.  Their  junctions  with  each  other  are 
usually  marked  by  a  sliarp  and  distinct  line  which  irequeutly 
shows  itself  at  the  sur&ce  in  a  hollow  feature.  In  one  case  at 
least  it  can  be  proved  that  one  of  the  types  is  intrusive  in  the 
main  granite  mass. 

The  chief  body  of  the  rock  is  a  coarse  red  granite,  consisting 
of  orthoclaso,  oligoclaso,  quartz  and  biotite ;  the  orthocla.sc 
freuueutly  occurs  in  large,  almost  porphyritic  crysUils,  showing 
Carlsbad  twinning,  while  the  scarcity  of  biotite,  and  the  distinct 
derelopment  of  the  quartz  are  almost  invariable  characteristics. 
Near  the  margm  oT  the  mass,  the  texture  of  the  granitite 
becomes  liner,  and  the  quartz  occurs  in  rounded  blobs,  with  a 
tendency  to  idionmrphism,  while  in  the  heart  of  the  mass  the 
quartz  is  gatberiid  into  dark  aggregates  which  appeiir  very 
prominent,  owing  to  the  clear  nature  of  the  mineral.  It  is  as  a 
lining  to  drusj  cavities  in  micro-granite  veins  in  this  coarse 
granite  that  the  caimgonn  "  crystals  are  found. 

The  second  type  is  a  very  fine  granite  or  micro-granite,  consist- 
ing of  oligoelase,  orthoclase,  quartz,  liiotitc,  and  musco\nte.  The 
rauscovite  is  not  present  iii  such  quantity  as  the  biotite,  and  the 
orthoclase  is  often  moulded  upon,  and  inehides  more  or  less 
rounded  grains  or  crystals  of  quartz.  The  rock  not  infrequently 
contdns  porphyritic  crystals  of  quartz,  and  others  of  ortnoclase 
showing  Carlsliad  twinning.  This  type  of  granite  forms  the 
summit  of  Beinn  a'  Bhiurd,  and  is  exposed  chiefly  on  the  high 
<rround,  as  in  Coire  Riiaridli  and  Beinn  Bhreao.  At  the  latter 
locality  it  is  distinctly  intrusive  in  the  coarse  i^'ianite,  and  hand- 
specimens  showing  the  junction  may  be  obtained.  It  is  worthy 
or  note  that  this  fine  granite  cloeely  resembles  the  ycins  and 
dykes  with  drusy  cavities  in  which  the  ''cairngorms"  were 
formed. 

The  third  tv|>e  of  rri;,nito  is  a  |mle  pink  or  occasionally  white 
medium -Lrrainrd  biotil* -^^^raiiitite.  No  l;iri,'e  ervstiils  of  ortboelase 
have  be(>n  ob.Nerved  iu  tliib  rock,  while  thi-  biotite  is  more 
abundant  than  in  the  other  two  types,  and  occurs  in  rounded 
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plates.    In  nmny  respects  this  Tariety  resembles  the  Auchin-  (Mr»  Con- 
diyue  granite ;  and  from  its  mode  ot  occurrence  the  rock,  whicii  SjJ**^" 
has  onfy  been  observed  on  Beinn  Bhreac,  appears  to  be  intrusiTe 
in  the  main  or  coarse  granite ;  but  its  relations  to  the  micro- 
granite  arc  not  clearly  seen,  though  the  two  rocks  are  in  contact 
near  the  eastern  ^^imnisit  of  Beinn  Bhreac. 

Some  interesting  cviiience  has  been  obtained  eoncerniiiL''  the 
form  of  the  Cairngorm  granite  intrusion,  i  iic  actual  margin  of 
the  granite  in  the  ground  examined  is  only  to  be  observed 
at  one  place  (Lochan  a'  Bhata),  where  a  tongue  of  granite 
with  approximately  vertical  sides  is  exposed  at  a  height  ot 
nearly  2,000  feet*  on  the  ridp:o  l  otween  Glen  Derry  and 
Glen  Dvibh.  Numerous  veins  and  small  irregular  sill-lilNO 
intrusions  are  there  to  be  noticed  in  the  metamorphic 
rock;  but  this  tonjgue  may  perhaps  be  more  correctly  con- 
sidered as  an  ofifehoot  from  the  main  intrusion,  and  not 
important  as  giving  evidence  of  the  form  of  the  intrusion.  Tho 
granite  boundary,  however,  is  found  to  be  very  distinctly 
V-shaped  in  all  the  larger  valleys.  Thus,  in  the  upper  part  of 
GlenQuoich  it  recedes  northward  for  upwards  of  a  iiule,  while  in 
Glen  Lui  and  Glen  Derry  tho  indentation  apparently  due  to  the 
vaUey  is  even  more  strongly  marked.  In  Glen  Dubh  the 
V-shape  is  less  conspicuous,  as  the  glen  is  smaller  and  narrower. 
The  southern  boundary-  of  the  granite  on  the  western  side  of 
Glen  Lui  is  the  Olais-na  Fhearna  fault,  and  the  rock  is  much 
crushed  and  intei-sected  with  quartz  veins  in  the  neighbourhood 
of  the  dislocation. 

These  facts  sus^rest  that  in  the  deeper  Ldens  we  are  approaching 
the  lower  sorb^  of  the  gnuiite  maa^^uid  though  no  duel 
evidence  of  silMike  intrusion  on  a  large  scale  has  been  observed, 
the  probable  form  of  the  mass  of  granite  on  its  southern  side 
may  be  inferred  to  he  roughly  that  of  a  cake  or  sill,  with  vertical 
or  highly- inclined  edges. 

Around  tho  margin  of  the  granite,  whenever  a  good  section  is 
obtained,  minute  veins  of  granitic  material  liavo  been  observed 
in  the  metamorphic  rocks.  These  are  sometimes  fine-grained, 
with  the  component  crystals  interlocking  with  the  ciystallino 
constituents  of  the  country-rock,  but  occasionally,  especially 
where  the  veins  are  larger,  coarse  pegmatite  and  aplitehave  been 
noted.  None  of  these  veins  have  been  traced  to  their  parent 
source;  but  from  their  occurrence  contiguous  to  the  granite 
margin,  and  their  similar  composition,  it  may  be  inferr^  that 
they  are  ofi&hoots  from  the  main  intrusion. 

With  regard  to  the  metamorphic  effects  of  the  intrusion  of  the 
Cairngorm  granite,  Mr.  CrxNiNGHAM-CRAiG  reports  that  though 
the  surrfu Hiding  quartzose  biotite-gneiss  is  not  of  surh  eoni- 
uosition  as  to  give  very  clear  evidence  of  additional  alteration 
by  the  younger  igneous  rock,  a  mass  of  felspathic  gneiss,  which 
is  included  Mtween  the  Glen  Derry  diorito  and  the  granite,  is 
much  more  highly  crystalline  than  the  rock  outside  tho  granite 
area.  Some  ^nulite  bands  in  this  mass  show  such  a  high  state 
of  erystallisation  as  to  simulate  igneous  material,  and  to  suggest 
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(Mr.  Can>     that  "  reconstniction "  has  t.ikcn  pkoe,  more  especially  along 
mn^ham-      thoso  laminic  the  mineral  and  chemical  composition  of  which 
was  most  favourable  to  alteration  under  thermometamorphio 

processes. 

The  most  iiilorcsling  evidence  ot'  cliHii^e,  however,  is  afforded 
by  the  l>and  of  limestone  and  black  schist  on  the  eastern  side  of 
Ctlen  Lui  and  Glen  Derry.   The  limestone  appears  on  the  north- 
western side  of  the  Clais-na-Fheama  fault,  at  a  distance  of  nearly 
a  mile  fron\  the  granite  which  is  displayed  on  the  wcsteni  side  of 
the  Lfleii.    Froin  this  point  the  liiiiostone  can  be  traced  north- 
westward, approacliiuLr  tlx'  t^ranite  Itoimdarv  obliquely  to  the  east 
of  Derry  LudL,'o,  where  it  probultly  conies  in  conUict  with  the 
iffneous  rock,  but  the  ground  Is  there  entirely  obscured  by  drift 
for  some  distanca   In  Glen  Derry,  a  mile  to  the  northward  the 
limestone  is  well  seen  in  the  burn  section  at  Derry  Falls,  at  a  dis- 
tance of  less  than  300  yards  from  the  trrjinite  margin.   In  the  Glen 
Lui  section,  the  limestone  presents  the  characters  that  commonly 
show  thentselves  in  an  area  which  has  not  Ix  en  very  greatly 
aftbcted  by  thermometaniorphism ;  the  purer  biind.s  arc  grej'  and 
bluish  in  colour  and  are  not  conspicuously  crystalline,  whue  the 
impure  bands  are  soft  and  friable,  contain  much  free  carbonate 
and  show  no  .signs  of  conversion  into  hornfels.    At  the  north- 
western pnrt  of  the  exposure,  tliin  bands  of  trr-niolite-schist 
ii])pear  whicli  prohahly  re|)ns<'Mt   tlie  altered   selvaire  of  the 
linicstone.    A  oand  of  black  .scliisL  folded  with  the  limestone 
has  apparently  suffered  greatly  from  shearing,  and  contains 
quartz  "eyes"  with  garnets;  certain  bands  are  filled  with  rusty 
cwstals  of  kyanite,  while  others  show  large  irr^ular  aggregates 
of  andalusite,  but  the  rock  is  everywhere  higluy  schistose  and 
friable.    The  kynnite.  nndalnsite  and  c^arnet  are  most  abundant 
towards  the  norlh-westei  u  t  xt  rejiiiiy  of  the  exposure,  that  is,  in 
the  direction  of  the  main  granite  mass.    In  the  Glen  Derry 
section,  where  the  granite  must  He  yery  near,  though  the  actual 
junction  is  not  seen,  the  limestone  is  represented  by  a  mass  of 
hard,  beautifully  banded  calc^silieatc  hornfels,  only  the  purest 
Imnds  eontaining  free  earlion  ite  of  lime,  which  also  appears  to 
decrease  somewbat  in  quantity  to       nortliem  extremity  of  the 
section.    Thin  Imnds  of  white  saccliaroid  limestone  containing 
aggregates  of  a  pale  Hcsh-coloured  garnet  are  noticeable,  while  in 
the  impure  bands  })alt  green  hornblende,  wollastonite,  epidote^ 
idocrase  and  malaoolite  (0  "^'(^yo  detected  by  Mr.  Cdnnii^oham- 
Craiq  in  the  powder  which  he  obtiiined  by  crushing  samples  of 
the  rock,  nnd  which  he  examined  imder  the  microscope.  His 
results  have  since  been  eontirmed  in  a  study  of  thin  slices  of 
the  same  rocks  by  Mr  Teall,  who  has  furni.siied  the  following 
notes  of  the  microscopic  characters  of  specimens  taken  from 
Derry  Falls:— 

"[fS340.]  Banded  hornfels  coDtaiuiug  malacolite,  wollastonite,  alkali- 
felsjjar,  s|»heiio,  tiuartz,  and  hornblende.     The  wollastonite  occurs  in 

radial iiiLT  tiitts  anu  the  felspar  in  gnundar  a•r^.'re^^ate.s  and  large  irregular 
niicro-i>oikilitie  patches.  The  malacolite  in  certain  parts  of  the  slide  also 
occurs  in  large  uiicro-poikilitic  grains." 
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"  [8343  ]  A  mottled  calc-silicate  hornfels  containing  large  patches  of  (Mr,  Cub- 
p&le  brown  idocrase  and  garnet.  The  rock  coutaim  aUo  malacoUte  and  nm<'Iiam- 
woUastonite."  Uraig.) 

.  "[8344.]  White  saccfaaroid  marble  containing  Ivown  spots  and  bands  of 
idocrase  and  gamel  Wollastonite  and  malaoohte  are  also  present." 

Though  the  black  schist  is  not  exposed  at  the  section  just 
referred  to,  some  thin  infolds  of  more  argillacoous  material 
wluch  make  their  appearance,  have  to  a  great  extent  lost  their 
j^dhistositjr,  and  appear  as  hard  <Iark-coloured  bands  containing 
kyanite.  The  impure  siliceous  beds,  which  are  here  folded  with 
the  limestone,  have  had  thoir  bedding  practically  ol>l iterated,  so 
that  there  is  some  difficulty  iu  observmg  their  actual  dip.  This 
alteration  in  the  mineralogical  chamcter  of  the  calcareous  band 
dmnot  reasomablj  be  accounted  for  by  a  change  in  the  com- 
poftition  of  the  material,  for  no  direct  evidence  has  been  detected 
that  such  a  change  has  taken  place.  The  alteration  is  precisely 
what  is  ordinarily  to  bo  observed  in  rooks  of  this  nature  as  they 
approach  a  largo  granitic  mass.  As  no  igneous  intrusions  other 
than  the  Cairngorm  granite  appeiir  iu  the  neighbourhood,  the 
inference  may  oe  drawn  that  this  conversion  ol  the  calcareous 
and  associated  rocks  into  hornfels  and  the  development  of  the 
concomitant  minerals  that  are  characteristic  of  this  type  of 
thenno-metamorphism  have  been  caused  by  the  intrusion  of  the 
Cairngorm  granite.  In  this  connection  it  Tnay  be  noted  that  in 
the  hornfels  area  of  Glen  K\  and  ( 'orriemulzie,  wlicro  tlie  black 
schist  is  so  distmctly  aliectcd  by  additional  thenno-metamorphism 
{Summai^  of  Progress  for  1897,  53),  the  limestone  bands  do 
not  show  an  alteration  to  calc-silicate  hornfels  such  as  that 
above  described,  and  in  fact  do  not  seem  to  have  been  greatly 
affected  mineralogically. 

To  the  north  of  Bracmar  a  sill  of  OTanite  with  accompanying 
subsidinrv  intrusions  clt>sely  resembles  in  composition  and  in 
funeral  appcarunce  the  Aucliindi-jTic  granite  which  is  exposed 
lii  and  about  Braemar,  and  the  age  of  which  in  relation  to  the 
surrounding  rocks  has  been  for  some  time  under  consideration. 
This  sill  extends  over  the  top  of  Creag  a'  Chleirich  for  upwards 
of  Ti  mile  in  a  south-south-west  direction,  with  a  distinct  dip  to 
the  south-west,  and  reaches  nearly  to  the  alluvium  of  the  Dee 
valley.  At  its  .southern  end,  and  again  on  the  north-west  side, 
the  mass  is  bounded  by  fault-lines  alon^  which  the  i;i unite 
appears  to  haye  been  intruded.  The  sill  is  somewhat  iri  c<riiiar 
in  shape,  and  attains  a  thickness  of  nearly  100  feet.  Exposures 
bein^  plentiful,  and  easy  of  access,  clear  evidence  has  been 
obtam(Hi,  not  only  as  to  the  relative  age  of  this  intrusion,  but 
abso  as  to  that  of  the  compact  cjuartz-porj)liyry  sills  of  the 
unusual  type  characteri.stic  of  the  Braeuiar  district.  Mu,  Te.\ll 
describes  the  rock  of  the  southern  part  of  the  miass  as  a  "  medium- 
grained  pink  granite,  .comparatively  free  from  ferro-magnesian 
constituents,  and  essentiidly  composed  of  oligoclase,  micro-per- 
thito  and  quart?:.  Its  alkah  felspar  is  abundant,  and  occasionally 
sbniws  a  very  tine  niicroclLne  stnicture.  Small  patches  of  micro- 
p^matite  occur  in  it,  and  biotite  is  present  in  small  flakes. " 
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(Mr.  Cun*  Though  more  acid  in  composition,  the  rock  presents  several  o( 
niTi;;ham  the  features  characteristic  of  the  newer  Highland  granites;  it 
lijis  evidently  lieen  intrnrlcd  since  some  of  the  north-cast  and 
south-west  dislocations  :  the  alkah- felspar  is  frequently  moulded 
upon  the  quartz,  and  the  biotitcs,  when  examined  uiicroscopieally, 
are  seen  to  contain  the  charactenstio  needles  of  apatite,  wliicli 
have  been  described  as  specially  typical  of  the  newer  granite. 
By  its  composition,  character,  and  appearance,  this  granite  can  be 
icfentitied  with  the  granite  exposed  in  Auchindryne,  immediatelv 
south  of  the  Dee.  The  small  sills  an<l  ton-j^nrs  associated  with 
tho  CV<  H'^'  fi' ( 'hlt  irich  sill  show  none  of  Llie  }ir  ;  n  lastie  stnictures 
which  iiavo  been  observed  in  the  minor  jiiLnisiuiiii  a^isociated 
with  the  Auehindtyne  sill,  but  the  laiger  masses  are  almost 
identical,  and  cannot  be  distinguished  as  of  different  age  on  that 
account.  In  what  follows,  the  Auchindryne  sill  and  the  Oreag 
a'  Chleirich  sill  will  be  spoken  of  together  as  the  "  Auchindryne 
Granite." 

Traced  south-westward  the  ^*anite  siU  becomes  hner  in 
texture,  and  passes  gradually  mto  a  sill  of  compact  quartz- 
porphyry  with  chilled  edges,  identicai  with  those  sheets  which  so 
neque'ntly  appear  in  the  area  south-west  of  Bracmar,  and  the 
age  of  whicn  has  not  hitherto  been  determined.  Specimens 
intermediate  between  granite  and  quart >:-porph)Ty  may  be 
obtained,  showing  cr\\stal  croups  included  in  a  matrix,  which 
becomes  gradually  riiier  to  tne  westward,  till,  a  quarter  of  a  mile 
from  the  granite,  the  edge  of  the  quartz>porphyry  sill  assumes 
the  aspect  of  a  fine  flinty  felsitic  rock,  containing  a  ^ew  small 
phenocry  sts  of  quartz  and  alkali  felspar. 

Mr.  Teai.i.  has  examined  specimens  from  this  "  passage  rock," 
which  ho  tinds  to  be  rich  in  alkali-f«'lspar  witn  niicnx-lino 
structure;  tlie  matrix  is  often  micropoikiiitic,  and  tlie  strurture 
may  be  described  as  "  haLf-porphyritic."  The  ground-inajss  of  the 
quartz-porphyry  sill  to  the  westward  is  micropegmatitic,  while  a 
few  small  idiomorphic  garnets  occur  in  the  chdled  margins. 

The  Cref^  a'  Chleiricii  sill  is  associated  with  numerous  niinor 
sills  and  tongues  of  granite,  which  are  exposed  on  the  hillside 
beneath  the  main  mass,  while  thin  granitic  veins  and  strings 
become  so  abundant  in  places  that  the  mctamorphic  rock  may 
almost  he  said  to  be  permeated  with  igneous  material.  These 
▼eins  are^  sometimes  coarse  and  pegniatitic,  sometimes  fine- 
grained: in  certain  places  they  show  clean-cut  junctions  with  the 
country  rock,  while  in  otliers  there  appears  to  have  been  an 
interlock  in  of  tlto  crystalline  constituents  of  the  igneous  and 
metamorplnc  rocks,  along  the  line  of  junction.  The  composition 
of  the  veins  does  not  appear  to  vary  greatly,  but  to  be  prac- 
tically identical  with  that  of  the  granite. 

These  yeins  and  minor  intrusions  form  another  link  with  the 
phenomena  already  obserrcMl  south  of  the  Dee,  especially  in  the 
Clunie  section,  where  the  similar  tongues  and  vems  only  dither 
by  usually  exhibiting  a  faint  parallel  or  "round-grain  "  structure. 
Kone  of  the  tongues,  veins  or  sills  of  g^nite  material  in  the 
ground  north  of  the  Dee  show  any  signs  of  parallel  structure. 
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III  Glen  Slugain,  nortli-east  of  Creag  a'  Chleirich,  several  mtaru-  <Mr.  Cun- 
Bions  of  similar  pink  granite  have  been  notioed,  but  they  all  nin^ham- 

occur  at  a  low  level  and  cannot  he  trnccd  for  any  distance.  To 
the  westward  of  the  Auchindrvrn  L'^ianitc  no  other  plntonic  rock 
appears  at  the  surface  till  the  Cairiigorin  granite  mass  is  reached. 
That  vast  body  of  eruptive  material  lies,  as  aheady  mentioned, 
on  the  &rther  (and  apparently  the  upthrow)  side  of  a  large 
fruit  QuATtz-porphynes,  on  the  other  hand,  are  yeiy  numerous, 
and  may  he  traced  in  parallel  sheets,  sometimes  for  a  distance  of 
two  miles  along  the  hillsides.  These  sills  have  a  low  general  dip 
to  the  south-west,  and  increase  in  nvnnlMT  in  that  direction. 
The  granite  sill  of  Creag  a'  Chleirich  also  dips  to  the  south-west, 
and  nere  it  may  be  pointed  out  that  the  granite  intrusiona 
appear  to  have  a  yertical  as  well  as  a  horizontal  limit;  the 
granite  is  exposed  on  comparatively  low  ground,  though  rising 
to  a  height  of  2,000  feet  on  the  summit  of  Creai;  a'  Chleirich, 
while  the  quartz-porphyry  sills  to  tlio  westward  are  exposed  at  a 
height  of  over  2,500  feet,  and  on  Creag  Bluiilg,  two  and  a  half 
miles  west-south-west  of  the  granite,  reach  a  height  of  over 
2,000  feet  At  a  distance  of  four  miles  west  of  Braemar,  the 
quartz-porph3ny  sills  are  thinner,  less  numerous,  and  have 
evidently  been  more  q[uickly  cooled,  whUe  at  a  distance  of  four 
and  a  half  and  five  Tuiles  westward  they  are  renresented  by  a 
few  thin  irregular  felstone  intrusions,  of  whicn  the  material 
resembles  that  of  the  chilled  margins  of  the  quartz-porphyry 
silla  In  the  area  to  the  south-west  of  Braemar  the  sills  con- 
tinue for  a  much  greater  distance; 

From  these  observations  it  may  be  inferred  that  the  igneous 
intrusion  has  taken  place  from  the  eastward  and  north-eastward, 
so  that  in  passing  westward  we  are  receding  from  the  parent 
source  of  the  eruptive  material,  and  coming  int^  areas  wherein 
the  cooling  of  the  thinner  molten  injections  took  place  more 
rapidly.  It  Is  a  significant  feet  that  in  thus  moving  westward 
we  pass  from  an  area  of  homfels^alteration  into  one  where  no 
proofs  of  additional  thermQmetamorphism  are  forthcoming. 

Tn  the  course  of  the  -urvoy  of  the  ground  north  of  the  Dee,  it 
has  been  observed  that  argillaceous  and  calcareous  rocks,  which 
are  seen  in  contact  with  the  Creag  a'  Chleirich  granite  sill,  have 
been  intensely  altered  by  that  intrusive  sheet,  the  black  schist 
being  converted  into  a  compact  homfels,  and  the  calcareous  beds 
being  altered  to  a  hard,  banded,  calo-silicate  rock. 

Evidence  of  faulting  is  well-marked  in  the  area  north  of  the 
Dee;  the  Glac  Anthon  fault  has  been  traced  to  the  north  side, 
where  it  apparently  splits  into  two  dislocations,  the  princi|)al  one 
making  a  very  deep  gully  (Clais  a'  Chait)  in  the  ridge  between 
Glen  Slugain  and  the  Dee  V  aUey. 

Reference  has  already  been  made  to  the  Clais-na-Fhe:irna 
feult,  which  brii^  up  itie  limestone  on  its  north-westward  side 
and  forms  a  very  wide  and  deep  p^sh  in  the  hillside  between 
Glen  Lui  and  Glen  Quoich.  There  are  many  subsidiary  faults 
and  crushes  branching  from  and  parallel  to  this  great  line  of 
movement,  and  the  rocks  ure  vemed  and  shattered  for  some 
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(Mr.  Cnn-     distance  on  either  aide.    Pnrt  of  the  movement  along  this  line 
E^huD-      ot"  (lis](jcation  has  taken  place  since  the  intrusion  of  the  Caim- 
gt>riii  granite,  which  on  the  western  side  of  Gleu  Lui  forms  the 
north-western  lace  of  the  feiult,  and  is  full  of  vems  and  minor 
crushes  in  its  neighbourhood. 
<Mr.  Hinz-      Though  Mr.  Hinxman  was  not  engwed  last  year  in  m^ppiog 
any  portion  of  the  Cairngorm  granite,  he  has  oxaniincd  so  much 
lai^or  a  tract  of  it  than  any  one  else  that  it  has  hvcn  thfuif^ht 
desirable  to  obtain  from  him  a  brief  statement  of  ins  experience 
in  tracing  the  relation  between  the  intrusive  mass  and  the  sur- 
rounding rocks,  and  to  insert  thb  statement  in  the  present 
Swmmary  of  Progress,  together  with  the  reports  of  his  two 
colleagues.    He  remarks  that  the  effects  produced  by  the  Caim- 
jl^orm  granite  have  been  found  by  him  to  no  most  marke<l  in  the 
rt'Lrions  occupied  by  the  rocks  of  tlie  Banffshire  series,  which  had 
luidergonu  far  less  previous  alteration  than  the  schistose  rocks  to 
the  west  of  them.  In  the  western  Cairngorms  and  the  Monadh- 
U^th  Mountains  the  granite  was  intruded  into  rocks  that  were 
already  in  a  high  stage  of  crystallisation,  and  the  schists  and 
gneisses  of  Upper  Strath  Spey  consequently  show  little  or  no 
alteration  compared  with  tiiat  produced  on  tlie  modihed 
sJiity  schists  and  limestones  of  Banffshire  and  Aberdeenshire. 

The  limestones  of  Glon  Avon,  though  fairly  crystalline  in 
character  throughout,  show  increasing  metamorphism  as  they 
approach  the  granite.  Marmarosis,  and  the  conversion  of  the 
impurer  portions  of  the  rock  into  treraolite  and  malacoUte-rock, 
ana  malacolite-hornfels  (slides  5454  5456  and  5449  of  the 
Geological  Survey  Collection)  can  be  observed  aloncr  the  left 
bank  of  the  Avon  at  Inchrory,  in  Glen  Builg,  on  tlie  slopes 
above  Loch  Builg,  and  in  dflen  Loin  in  the  Glen  Avon 
Forest 

Mineralization,  including  the  production  of  garnet  (green  and 
brown),  idocrase  and  other  contact-minerals,  is  best  seen  in  the 
small  inclusions  and  outcrops  that  are  found  within  and  close 
to  the  granite  on  the  Badaoch  in  the  Braes  of  Abernethy,  on 
Ben  Avon,  and  in  Glen  Gaim.  At  the  last-named  locality 
patches  of  highlv  mineralised  limestone  occur  within  and  along 
the  margin  or  tlio  area  of  tonalite  that  has  been  regarded  as  a 
more  basic  portion  of  the  Cairngorm  granite  intrusion. 

The  band  of  mica-schist  tnat  runs  south-east  from  the 
Caiplich  Water  to  the  Linn  of  Avon  affords  an  example  of 
progressive  meUimorphism  due  to  the  Cairngorm  granite. 
Starting  as  a  fine-grained,  flaggv'  mica  schist  or  phyllite,  it 
becomes  more  crystalline  and  gneissose  in  character  as  jt 
approaches  the  granitCt  until  at  the  Liim,  where  it  forms  a 
nnrrow  tongue  fumost  enclosed  by  granite,  it  passes  into  cor- 
dierite-gnoi^^ 

The  "  bl;n  k  schist "  along  the  ah^Q  of  ihe  gmnito  in  Glen 
Buihj,  and  on  the  hillside  above  Loch  Builg,  shows  alteration  of 
the  homfels  t^ypa  Similar  alteration  is  seen  at  Knockan  and 
Nethertown  m  Glen  Liyet^  where  the  black  schist  approaches 
the  Glen  Livet  gianite  mass.  Mention  may  also  be  maae  of  tho 
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denralopment  of  large  crystals  of  andalosite  and  stauiolite  in  the  (Mr.  Hinz* 
black  schist  of  Glen  Tervie  near  the  edge  of  the  Ren  Rinnes 
intrusion,  an  oiitlymg  mass  of  the  Cairngorm  granite.  These 
crystals  have  been  developed  since  the  last  movements  that 
produced  the  "  puckermg  "  of  the  schists. 

InvmieBs-slure. 

The  region  of  Badenoch,  in  the  upper  part  of  the  wide  basin 
of  the  Spey,  has  been  further  surveyed  auring  last  year  by  Mr.  ^J^,)  * 
HiNXMAN,  who  has  found  there  the  usual  metamorphic  rocks  of 
the  Central  Highlands,  with  their  associated  igneous  intrusions. 

His  continued  examination  of  the  area  of  (den  Tniim,  along 
the  upper  course  of  the  Spey,  and  in  the  Monadhliath  moun- 
tains to  the  north  of  that  river,  has  shown  that  the  two  types  of 
rock  described  m  former  Reports  are  still  persistent  over  a  wide 
area,  and  can  be  readily  differentiated.  Broadly  characterised  as 
(1)  MuscoYite-biotite-gneiss  and  (2)  Flaggy  quartz-biotite-granu- 
lite,  they  present  several  further  local  variations.  Tlu;  former 
type  includes  garnetiterons  raica-schist ;  ".■spangle  "-schist  in 
which  white  mica  occurs  in  large  scattered  crystals  lying  at  an 
angle  to  the  planes  of  foliation ;  and  coarse  gneiss  with  crumpled 
folia,  in  which  biotite  is  the  predominant  mineral.  The 
quartzose  series  varies  from  a  fine>grained  granulitic  biotite- 
gneiss,  of  which  the  black  mica  is  an  abundant  constituent,  to 
a  highly  siliceous  flaggy  schist  or  quartzose  flagstone. 

Tv.'o  systems  of  plication  appe.-n-  to  obtain  in  this  area.  The 
rocks  have  been  subjected  to  rapid  isoclinal  folding,  and,  in 
addition,  have  been  thrown  into  a  series  of  wide  undulations 
that  ofken  lie  at  a  yery  low  ai^le.  This  complicated  structure 
renders  it  difficult  to  determme  the  relative  position  of  the 
locks  to  one  another  in  the  area  under  consideration. 

E\ndence  was  last  year  obtained  of  the  continuation  of  the 
Loch  Ericht  fault  along  the  course  of  the  River  Truim.  This 
powerful  dislocation,  which  shifts  the  outcrop  of  the  Moor  of 
Rannoch  diorite  near  Loch  Tulla  for  upwards  of  two  miles,  and 
has  determined  the  position  of  the  hollows  occupied  by  Loch 
Laidon  and  Loch  Eric-iit,  enters  thoTalley  of  the  Truim  a  short 
distance  below  Dalwhinnie  Station.  The  brec(na  and  other  signs 
of  fracture,  seen  at  several  points  along  the  course  of  the  stream 
above  Crubanmore  and  nelow  Etteridge  Bridge,  indicate  the 
position  of  the  fault  as  far  as  the  Bridge  of  Truim ;  its  further 
course  being  concealed  beneath  the  wi£  aUuyial  stretches  of  the 
Spey. 

Several  sills  of  the  Glen  Tromie  porphyry  have  been  observed 

by  Mb.  Hinxstan  in  the  lower  part  of  Glen  TruiTn,  and  one  has 
been  mapped  by  him  on  the  slopes  of  Tom  dubh-gluic  in  the 
Monadhliath  range,  the  first  observed  occurrence  of  this  rock  to 
the  north  of  the  Spe^'.  These  silLs  are,  as  a  rule,  similar  in 
character  and  composition  to  the  porphyries  from  Glen  Tromie, 
described  in  detail  m  the  Simmairy  of  Progreas  for  1897.  In 
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Strathspey,    ono  of  tho  Glen  Tniiin  sheets,  however,  tho  phcnocrysts  of  quartz 
(Afr.  Hiiix>    and  felspar  are  sometimes  entirel)  absent,  and  the  rock  becomes 
in  parts  completely  felsitia 

Tho  opinioii  expressed  last  year  {Sutmnaru  of  Progress  for 
1897,  p.  66)  that  these  quartz-porphyry  sills  represent  the 
later  pliases  of  the  Caimgonu  granite  intrusion,  has  been 
strengthened  by  the  evidence  obtained  this  year  in  Glen  Truim. 
Tho  veins  of  coarse  muscovite-pcpnatite,  so  abundant  in  the 
schistose  rocks  in  that  district,  arc  distinctly  cut  by  the  cj^uartz- 
porphyrv  sills ,  and  thurufore,  whatever  may  bo  the  relation  in 
point  of  age  of  these  pegmatites  to  the  Ckirngorm  gpmite,  they 
are  prior  to  the  intrusion  represented  in  this  r^on  hj  the 
quartz-porphyry. 

An  acid  igneous  rock,  showing  remarkably  fine  sphcrulitic 
structure,  has  been  mapped  along  the  summits  of  Cam  Dearg 
Mor  and  Sgorr  Dearg,  tho  hign  ridge  lying  between  (Tien 
Fesliie  ;iiid  (ilen  Bhran.  The  rock  is  bright-rod  in  colour,  and 
generally  feisitic  in  character,  but  often  contains  suiall  dihexa- 
nedral  crystals  of  quartz.  The  spherulites  can  hardly  he  detected 
under  an  ordinary  lens  in  the  fresh  rock,  but  weathered  spedmens 
can  be  obtained  in  which  they  stand  out  in  high  relief,  and  present 
a  most  stnking  appearance.  This  felsite,  as  well  as  other  small 
intrusions  of  a  similar  rock  on  the  east  side  of  Glen  Fushie,  often 
present  a  banded  appoarauce,  due,  no  doubt,  to  flow -structure. 

Tho  examination  of  these  felsites  under  tho  microscope  by 
Mb.  Teall,  shows  that  they  contain  no  ferro-magnesian 
minerals,  and  have  been  formed  from  a  very  pure  ouartzo* 
felspathic  ma^ma,  resembling  that  which  under  different 
phyracal  conditions,  has  given  rise  to  pegmatites.  When 
phenocrysts  arc  present,  -vvliich  is  by  no  means  always  the 
case,  they  consist  of  quartz,  turbid  felspar,  and  micro-pegmatitic 
intergrowths  of  these  two  minerals;  similar  to  those  observed 
in  the  Tertiary  sphcrulitic  felsites  of  Druim-na-Eidhne  in 
Skye.  The  quartz-phenocrysts  occur  as  bipyramidal  crystals 
and  corroded  grams.  The  spherules  are  rather  less  than  1  mm. 
in  diameter,  and  usually  have  a  light-coloured  core  with  a 
darker  periphery,  but  show  no  radial  structure. 

It  may  bo  worth  noting  that  microscopical  examination  of 
a  specimen  from  a  tliiii  vein  of  Cairngorm  granite,  close  to  the 
edge  of  the  main  uiass  in  Coire  Garljhlac))  has  revealed  the 
presence  of  abundance  of  fresh  microclino  m  conj  unction  with 
turbid  oligodase,  quartz  and  biotite. 

Lamprophyre  sills,  of  a  later  date  than  the  acid  intrusions,  are 
abunduit  among  the  schistose  rocks  of  Badenoch.  They 
frequently  occur  at  the  base  of  the  steep  isolated  crags  so  common 
in  this  district,  and  sceni  by  their  superior  hardiness  to  have 
tended  to  determine  tlie.se  prominent  features. 

Certain  thin  sills  of  much  dec  om|>osed  basic  rock  found  in  the 
quartz-schists  on  the  east  biink  of  the  Spey  at  Aikenway 
(Sheet  85  of  the  one-inch  map)  have  been  identified  under  the 
microscope  as  typical  camptomte. 
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Perthshire. 

Besides  the  frrotmd  stm^c^'cd  by  him  in  Deesido  already  stratliyr* 
descnVetl  ^Tr.  Ci^nningham-Craio  bns  roTitinued,  during  part  the 
of  the  working  season,  the  survey  of  ilie  region  of  Strath\Te  and 
the  Trossachs.    The  slratigrapliical  succession  reported  by  him  ningham- 
in  the  last  Swmmarv  of  Progress  (p.  57),  for  thU  part  of  Perth-  CnSv') 
shire,  has  been  found  to  hold  good  over  all  the  ground  that  has 
since  been  mapped.   The  various  groups  of  that  succession  pre- 
serve their  litnologioal  characters  \vith  little  change  over  wide 
areas,  though  there  appears  to  be  some  local  thickening  and 
splitting  up  of  the  coarser  grits. 

The  Aberfoil  slates,  which  are  well  seen  about  the  foot  of  Loch 
Ifuhnaiff,  conast  of  several  hands,  alternating  vith  fine  gritty 
bods,  which  show  an  indistinct  cleavi^ ;  each  slate-band  can  lie 
distinguislied  l)y  its  colour,  thickness,  and  the  HtbologicAl  cha- 
racters of  the  Wis  with  which  it  is  associated.  There  is  no 
evidence  of  repeLiiion  by  folding. 

To  the  south-east  of  the  slate-bands,  and  apparently  below 
them,  grits  of  a  totaUv  dliwent  character  from  those  to  the 
north-west  are  observedL  One  of  them,  containing  felspar  and 
quartz  pebbles  in  a  fine  chlozido  matrix,  has  been  exammed  by 
Mr.  Teall,  who  describes  it  as  composed  of  "  larcre  quartz  and 
felspar  grains  in  a  fine  scbistose  matrix.  The  grains  of  quartz 
ana  felspar  ^oligoclase)  are  often  much  crushed  and  granulitized. 
The  matrix  is  a  fine-grainod  aggregate  of  chlorite,  sericite  and 
quartisi  with  some  uon  ores  and  leucozene(?V'  The  rock  is 
"  markedly  less  crystalline  than  some  chloritic  and  epidotic  grits 
from  the  north  of'^Ben  Ledi,"  whioh  were  examined  at  the  same 
time. 

Tbe  <:rr(.ou  ^nts  have  been  traced  continuously  from  the 
Bali^uiiidder  district  to  Loch  Katrine,  and  also  mapped  lu  an 
outher  on  the  western  nde  of  Lodi  Lubnaiff.  ^  They  show  very 
little  change  in  character  in  this  area,  though  it  has  been  noted 
that  fine  schistose  chloritic  beds  are  more  numerous  in  the  south- 
western part,  where  they  replace,  to  a  certain  extent,  the  coarser 
epidotic  grits,  which  are  well  seen  near  Loch  Liibnaig,  especially 
in  the  upper  part  of  the  group.  Small  ill-dofincd  yellowisn  green 
knots  or  nodules,  and  strings  or  foUa  of  similar  material  are 
iBometimes  observed,  while  thm  veins  or  bands  of  mas^ve  chlorite 
occur  more  rarely. 

Mr.  Teall  has  examined  several  specimens  from  the  ground 
north  of  Ben  Ledi,  and  the  following  descriptions  arc  taken  from 
his  notes :  "  (8227).  Irregular  grains  of  quartz  and  plagioclase  in 
a  matrix  of  sericitic  mica,  chlorite,  epidote,  and  some  turbid 
indetermmable  material"  In  a  cduser  grit  (8228),  "  the  quartz- 
grains  often  show  peripheral  granulation,  and  thus  tend  to  mer^ 
themselves  in  the  crystallme  matrix."  A  still  coarser  grit 
contains  large  grains  of  quartz  and  plagioclase:  (8220).  "The 
large  felspars,  one  of  which  gave  the  reaction  of  oligoclase  in  the 
tlame,  are  more  or  less  gi-anulitizcd."  (8230)  is  "  a  dark  fine- 
grained rock,  traversed  by  thin  yellowish-green  bands  or  folia  of 
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strnthyre     opidosite.   The  finB-gnuncd  bands  are  an  aggregate  of  epidoto» 
cnlorito,  white  mica,  granuHtic  quartz,  and  felspar,  with  sphene 
(Mr.  Cuir^     ^      accessory.    Tho  Hght  yellowish -prroen  bands  are  formed  of 
ningham-      cpidoto,  quartz,  and  a  few  large  flakes  of  biotite."    Mb.  T£all 
CrSg>)       describes  these  crystalline  epidotic  grits  as  sunikur  to  zocka  which 
he  has  examined  from  the  Uowal  district*  and  he  notes  that "  the 
clastic  character  of  the  rocks  is  Teiy  obvious  in  the  coarser- 
grainod  specimens.  V)ut  becomes  much  less  so  in  those  which  ate 
liner-<^'rainod,  and  tinally  ceases  to  be  recognisable." 

Small  intrusions  of  felstone  and  lamprophyre  have  been 
observed  occasionally  in  this  area ;  the  lamprophyres  inorea&e  in 
number  in  Glen  Gyle,  while  felstones  are  more  numerous  about 
the  eastern  end  of  Loch  Katrine  and  in  Glen  Finglas.  Bolerite 
dykes  are  rare,  but  can  occasionally  be  traced  for  great  distances. 

The  mapping  of  the  "  Green  Beas  "  north  of  Loch  Katrine  has 
revealed  a  remarkable  change  in  t  he  character  of  tho  folding,  and 
has  made  clear  the  structure  of  tlie  district  A  large  trough  has 
been  traced  from  the  Balquhidder  area,  where  &e  fok&ng  is 
simple  and  undulating,  to  Loch  Ejitrine.  This  trough  bnngs 
in  tlie  epidiorites,  a  sill  of  which  is  exposed  in  the  centre  of 
tho  trough  on  the  wntershed  between  Glen  Duhh  nnd  Clen 
Finglas.  In  tho  south-western  part  of  the  area  tho  eastern  limb 
of  the  syncline  is  found  to  be  inverted,  while  tho  dips  become 
steeper  and  the  folds  more  closely  packed,  till  finally,  on  the 
shores  of  Loch  Slatrine,  east  of  Brenachoil  Lod|^,  the  folding 
becomes  vertical  and  isoclinal.  Tho  structure  m  the  eastern 
part  of  this  area  is  further  complicated  by  a  series  of  north-east 
and  south-west  faults,  which,  in  conjunction  w^ith  the  steeper 
folding  have  the  effect  of  repeating  the  outcrop  of  the  Green 
Beds  three  times  in  the  burn-section  in  Gleu  Fiiiglas. 

The  Glen  Ample  fault,  with  several  subsidiaiy  dislocations,  has 
been  traced  for  three  miles  on  the  western  side  of  Loch  Lubnaig, 
the  slate-bands  showing  very  dearly  the  effect  of  each  dislocation. 
There  appears  to  have  been  some  horizontal  movement  along 
this  hne  of  discontinuity,  as  shown  by  shckensides,  and  tho 
apparent  dragging  of  nearly  vertical  slatc-oands  on  the  eastern  or 
upthrow  side,  horizontally  into  the  line  of  fault. 


Aigylkliire* 

In  Argyllshire  considerable  tracts  of  the  younger  or  Dalradian 
EUve.  (Mr.  schistose  rocks  have  been  mapped  durmg  the  past  year.  Mb. 
KyoMton.)  HiLL,  as  already  mentioned,  returned  for  a  short  time  to  his 

former  ground  in  the  Loch  Awe  district,  but  met  with  no  new 
ff-rttnros  of  suthciont  importance  to  require  mention  here, 
i'urlher  to  the  north  small  tracts  of  the  same  rocks  were 
mapped  by  Mr.  K vn.xstox,  l)ut  excu^pt  with  regard  to  the 
phenomena,  of  coutact  metamorphism,  which  will  be  fully  con- 
sidered in  a  Uter  section  of  this  Summary  (p.  82),  he  encountered 
no  new  &ctB  of  note.  He  found  the  Loch  Awe  and  Ardrishaig 
series  to  maintain  their  normal  and  chaxacAeristio  features  in 
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tlie  tract  between  Dahnally  and  the  CSIadich  Bum,  and  as  on  Loch  Awe 


more  add  tonka,  sometimes  porphyritic.  These,  Mb.  KrxAsroN 

believes,  belong  to  the  great  series  of  porphyrite  dykes  and  sills 
associated  with  the  Ben  Cruachan  gmnita 

In  the  Glen  Etivo  district  the  same  observer  has  again  had 
occasion  to  map  some  of  the  younger  schists  while  workini?  a 
part  oi  the  ground  to  the  west  and  north-west  of  the  Glen 
Etive  granite,  lying  between  Glen  Etive  and  the  upper  portions 
of  Glen  CSrerui  and  Glen  tTre.  Here,  however,  the  conaiUon  of 
the  schists  is  in  marked  contrast  with  those  of  Loch  Awe  sida 
They  show  altogether  a  much  greater  degree  of  crystallisation  and 
schistosity,  which  does  not  bocomo  appreciably  lessened  as  they 
are  traced  away  from  the  granite.  Evidently  they  had  been 
much  more  anected  by  the  forces  of  the  so-called  dyaaino- 
metamorphism,  which,  as  it  were,  left  their  imprint  upon  them 
previously  to  the  intrusion  of  the  Glen  Etive  and  other  newer 
granites.  The  fact  is  here  again  exemplified  that  earth-stresses 
which  dotorTnined  the  structure  of  the  ground  have  acted  with 
increasing  mtonsity  from  the  more  south-western  portions  of 
Argyllshire  in  a  general  lioi  th-castorly  direction. 
^  Tne  schists  to  tli©  west  of  Glon  Etive  may  be  divided  provi- 
donally  into  the  following  groups : 

(IX  Maashe  inhiie  qtuirtziUa.  A  white  or  greyish  tough 
quartzito,  sometimes  pinkish,  and  often  slightlv  oanded  or 
laminated.  Tbis  f^roup  is  especially  well  dcvelojx'd  on  the 
nortliem  and  southern  Hanks  of  Bemn  Fhionnlaulh,  and  in 
Aiit  Chaman.  It  is  also  occasionally  met  with  as  inclusions 
in  the  granite.   The  quartzites  are  succeeded  by 

(2).  Quartzoee  ana  hioUU-ackieia,  well  exposed  on  the 
southern  slopes  of  Beinn  Fhionnlaidh,  and  other  places. 
Here  may  also  bo  included  some  pinkish  gncissose  micaceous 
schists  (with  two  mic^is),  which  succeed  the  ({uartzusc  and 
biotite-schists.  and  are  well  developed  in  the  upper  portions 
of  AUt  nan  Gaoirean.  These  rocks  undergo  the  nom£els 
type  of  altemtion  along  the  granite  margin.  Next  to  these 
by  gradual  passage,  come 

(a).  Gaimetifenma    mica-achists,  —  pale  silvery-grey, 
markedly  foliated  rocks,  well-developed  at  the  head  of  Glen 
Creran,  and  in  the  corries  at  the  head  of  Allt  Chaman. 
All  these  sedimentary  materials  are  frequently  found  to  be 
traversed  by  sills  of  porphyrite,  as  was  also  so  fiequently  found 
to  be  the  case  in  the  districts  bordering  the  Bien  Cruachan 
granite  further  to  the  south  west.    The  older  homblendio 
(epidiorite)  sills  arc,  however,  rare  in  the  Glen  Etive  area. 

A  more  detailed  description  of  some  of  the  s(  l lists  jnst 
enumerated  will  be  given  m  a  later  Section  of  this  ♦S'<o«v/nrr//, 
devoted  to  the  contact  metamorphic  phenomena  around  the 
great  granite  masses  of  Ben  Cruiuuian  and  Glen  Etive  (p.  76, 
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District  of      In  the  districts  bounding  the  head  of  the  linnhe  Loeb,  Mr. 

FortWiiiilm  ^^ANT-WiLSON  has  eitcndod  his  previous  survey  on  the  west 
(Mr.  Qn^t^  ^ido  hy  mapping  the  ground  as  far  south  ns  Glen  Scaddlc,  and 
Wilaon.)  as  far  north  as  Gairlocnv,  while  on  the  ca.st  side  ho  has  examined 
the  lower  part  of  the  Great  Glen,  and  tlic  liiils  on  the  south 
side  of  the  lower  or  western  end  of  Glen  Nevis.  The  important 
dislocation  which  runs  along  the  line  of  the  Great  Glen  passes 
through  the  middle  of  his  iireii. 

In  the  basin  of  Loch  Eil  the  "  gneissosc  flagstones,"  referred  to 
in  last  Svmmary,  continue  across  the  district  surveyed  lai^t  year, 
dippiiiL^  S.E  and  S.S.H  at  an  average  ani^le  of  between  20'  and 
30  ,  though  to  the  west  of  Fassafem  they  become  more  contorted. 
Similar  rocks  extend  northwards  beyond  Glen  Lot,  but  dip  there 
to  S.  and  S.W.  Between  that  glen  and  Loch  Xochy  they  are 
intersected  by  numerous  dykes  and  veins  of  pink  granite. 

Some  largo  and  hitherto  tmrccorded  masses  of  mtrusive  rock 
have  been  met  with  piercing  the  tiagstones.  One  of  these,  which 
has  not  yet  been  completely  traced  out,  forms  an  irregular  oval, 
three  miles  long  by  two  ancl  a  half  broad,  stretching  across  Glen 
Scaddle  and  is  seen  in  section  in  the  river  Scaddle.  As  &r  as  yet 
examined,  it  consbts  of  a  core  of  epidioritc  with  an  outer  margin 
of  a  more  acid  material,  all  more  or  less  foliated.  In  texture 
the  epidioritc  varies  from  coarse  to  medium,  and  it  is  generally  of  a 
dark  grey  colour.  A  specimen  taken  from  the  river  8<'addle 
half  a  mile  below  Creag  Bheitheachain,  has  been  sliced  and 
examined  by  Mb.  Teall,  who  reports  as  follows  regarding  it: — 

"  [8233.]  Medium-grained  rock  composed  of  colourless  plagioclase  and  a 
dark  gieeu  naiieral.  Under  the  microscope  it  is  seen  to  be  essentially 
compoMd  of  basic  plagioclase  and  fibrous  or  uralitic  hornblende.  Chlorite 
and  iron-ores  are  also  present.  The  T>ladocl;use  floats  in  the  diflrn.«*ion  in 
a  dense  zone  slightly  abjve  labratiorite  and  well  below  oligoclase.  It 
belongs  to  the  labradorite  andeame  aensa.  This  rode  has  the  atnicttire 
and  composition  of  epidiohte." 

A  large  number  of  hill  streams  fall  into  the  river  Scaddle  and 

these,  with  the  fine  olifls  of  Creag  Bhcitheachain  and  Choire 
Bhidg  aflord  numerous  exposures  oi  this  rock.  From  a  number 
of  oltservations  the  general  direction  of  the  foliation  in  this 
epidioritc  was  found  to  vary  from  15"  to  25'  west  of  north. 

Near  iho  foot  of  the  glen  at  the  Eaa  JJubh  fall,  and  at  its 
western  boundary  on  the  slooes  of  the  Druim  Leathaid  nam  Vim, 
this  epidioritc  is  surroundea  by  a  zone  of  granulitic  gneiss  from 
150  to  300  yards  in  l)rciidth»  which  appears  to  be  Avnolly  or  in 
part  composed  of  Ibliated  igneous  matorial.s.  At  tlic  falls  where 
a  good  section  i.s  exposed  the  relation  of  tliis  giieis«  to  the 
epidiorite  on  the  one  side  and  the  Ha^'-stoncii  on  the  other  is 
clearly  seeai.  The  jimction  with  the  epidiorite  is  a  vertical  wall, 
and  a  similar  boimdar)'  may  be  seen  also  at  the  western  edge  of 
the  epidiorite  above  Creag  Bhcitheachain.  As  the  fistUs  are 
approfirlied  from  the  east  the  flagstones  are  observ'^ed  to  become 
more  haked  and  twisted,  until  from  the  foot  of  the  frills  for  1^0 
yards  tlioy  are  traversed  by  intrusive  dyke.s  of  this  aeid  gntass, 
which  in  many  cases  cross  their  iaunnation  at  a  slightly  oblique 
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ancrlo.    Above  the  falls  a  belt  of  li^lit  brown,  tine-grainod  gneiss  70  rustaict  of 
yards  broad  contains  nuiutirous  included  fra^ents  of  gncisiiose 
flM;8tone,  which  yary  in  aze  from  a  few  cubic  inches  up  to  seveial  GraSl'* 
cubic  feet   The  inference  that  the  gneiss  is  of  igneous  origin  is  wuiwn.) 
stTODgthened  by  the  microscopic  examination  of  a  specixDen  fix)m 
this  Trx  ality,  examined  by  MB,  Teall,  who  has  supplied  the 
following  description  of  it : — 

"[8,235]  A  light  coloured,  banded,  granulitic  gneisa.  Under  the  micro- 
scope it  shows  turbid  plagioclase  felspar,  fresli  microcline  and  quartz  (verv 
abundant).  The  quartz  and  microcfinc  form  a  foliated  aggregate  in  which 
t1i<>  turbid  felsjxir  occurs  as  phenf>cnr''sts  without  ciystaUine  form.  Biotlte 

and  splienc  occur  as  uniinportuiit  accessories." 

In  llio  river  Scaddle  above  and  below  Creacr  Bhcitheachain 
the  epicliorite  is  cut  by  dykes  of  basic  rock  with  zoned  pla^oclase- 
felspar  crystals.  These  dykes  are  even  more  foliated  than  the 
suzTounding  rock  and  now  fbnn  homblende-Motite  schista.  A 
fine  grained  specimen  of  the  massive  dyke  below  the  cot  house 
of  the  "  Creag  "  is  described  by  Mr.  Teall  as: — 

"[8,236]  Fine-grained  dark-grey  foliat<»d  granulitic  rock.  Under  the 
miooscope  it  shows  a  foliated  aggr^te  of  plagioclaae,  biotite  and  horn- 
blende, ivHih  Boine  quartz,  sphene,  and  nron-ores,  as  acoessories.  Viewed 

with  ordinary  light  the  rock  appears  to  be  an  ordinary  hornblende- 
biotite-schist,  but  under  crossed  nicols  the  pla^oclase  is  seen  to  be 
zoned.  The  central  core  extinguishes  at  a  different  angle  from  the 
periphery.  There  Is  moreover  a  tendency  to  tlie  latli-shaped  form.  This 
peculiar  structnro  dif}V>r(>ntiates  the  rock  from  the  normal  acbifttSi  and  I  am 
inclined  to  re.u  ir  l  it  as  igneous." 

The  epidiurite,  the  zone  of  granulitic  gneiss,  and  the  hornblende 
biotitc-aykcs  are  alike  traversed  by  numerous  dykes  and  veins 
of  Dorphyrite,  which,  however,  are  most  munerous,  within  the 
epiaionte  areix.  They  are  all  more  or  leas  foliated,  and  where 
included  within  the  epidiorite  they  are  always  more  fohated  than 
the  surrounding  rock.  These  aplite  dvkos  are  generally  light 
in  colour,  contrasting  strongly  with  tfio  darker  epidiorite.  A 
specimen  taken  from  one,  four  vards  broad,  cutting  tne  epidiorite 
in  the  River  Scaddle  half  a  mfleoelow  Creag  Bheitheachan,  is  thus 
described  by  Mr.  Teall  : 

"  [8,234.]  A  light-eoloured,  medium-grained  porphyritic  rock.  Ezomined 
witli  tlic  microscope  it  shows  plienocrjsts  of  zoned  plagioclase  (in  part 
oligoclase)  in  a  matrix  of  micro-cryi>talline  quartz  and  alkali  felspar.  The 
outer  zone  of  the  phenocrysts  belongs  to  the  same  period  of  consolidation  as 
the  ground -mas.«!.  Ferro-magncsian  minerals  are  very  scarce  and  arc  repre- 
sented by  biotite,  often  replaced  by  chlorite.  Sphene  occurs  as  an  accessory. 
The  rock  may  be  termed  a  porphyrite." 

From  Mil.  Teall's  description  of  the  igneous  granulitic  gneiss 
and  poruhyrite  dykes  of  Glen  Scaddle,  it  will  be  seen  that  the^ 
bear  a  dose  resemblance  to  one  another,  so  &t  as  composition  is 
ooncemed. 

To  the  south  of  Glen  Scaddle,  and  on  the  steep  '"ragg\*  slopes 
of  Beinn  na  Cille,  that  stretch  downwards  to  Loch  Lmnhe,  several 
foliated  diorite  dykes  traverse  the  flagstones  of  this  hill.  In  all 
probability  they  emanate  from  the  Glen  Scaddle  igneous  mass. 

Since  all  tliese  igneous  rocks  here  described  as  part  of  the 
Glen  Scaddle  network  are  foliated  in  a  direction  common  with  the 
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District  of    E^encnil  foliat  i(>n  of  the  surrounding  rocks,  it  is  evident  that  thev 
FortAViniun?  ^^^^^      heen  intruded  prior  to,  or  during,  the  movements  which 
(Mr  Grant-  produced  the  foliation  of  the  district    Partly  for  this  reason, 
Wilaon.)      and  partly  on  account  of  their  petrological  relationship,  the 
various  intnisions  which  cut  the  epidiorite  may  be  considered 
rot  improbably  to  mark  successive  injections  from  tlie  same 
orij^nnal  mat^ma,  which  fp-adually  became  more  and  more  acid  as 
its  more  basic  conftitfients  separated  out. 

Another  imporUmt  mass  of  somewhat  basic  material,  having 
an  intrusive  origin,  lies  directly  to  the  north  of  the  Banavie. 
granite  mass,  and  has  been  traced  for  a  distance  of  three  miks 
up  Glen  Loy.  Its  outline  is  very  irregular,  but  its  average 
breadth  north  and  south  of  the  river  Loy  is  about  one  mile.  As 
shown  in  the  excellent  suction  cut  by  the  river,  the  rock  in 

£5neral  consists  of  a  medium-grained  steel-grey  diorite  with 
th-flhaped  and  prismatic  homhlende  cr)'stals,  but  in  some 
places,  as  in  the  main  stream  below  Inverskilavulin,  becomes 
much  coarser  and  includes  large  bladed  crystals  of  hornblende. 
An  avemtrc  specimen  of  tliis  rru  k  taken  from  whore  the  north 
Dubh  Chlaiso  joins  tlio  ri\er  Loy  was  analysed  by  Mb.  G&ANT 
Wilson,  and  gave  the  following  result : — 
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From  the  chemical  composition  thus  exiiibitcd  the  rock  is 
therefore  a  gabbro-diorite.  A  specimen  snuilar  to  that  analysed 
was  taken  from  the  river  200  yitds  above  the  bridge  of  Loy,  and 
sliced  for  microscopical  exammation  by  Mr.  Teall^  who  reports 
regarding  it — 

**  [8280.1  Under  the  microscope,  hombleiid^  biotite,  plagioclase,  iron 
ores  incluoing  p\n-itc  and  apatite.  Epidote  and  chlorite  u  aeoondary  pro- 
ducts.—The  rock  is  a  diorite." 

At  the  Tom  an  Eildean  ridge,  the  edge  of  the  diorite  is  very 
coarse,  some  of  the  crystals  of  hornblende  measuring  over  two 
inch^  in  length.    Mr."  Teall  describes  the  rock  as  follows : 

"[8290.]  Extretnely  coftrse-grained  njrjrrepfate  of  hornblende  and 
plagioclase  (12  cms.).  The  rock  is  a  diorite-jje^ptnatito.  Under  the 
microscope,  plagiodaae^  hornblende,  and  a  little  biotite,  with  some  seoon- 
dary  chlorite." 

Below  the  bridge  of  Loy  tbo  fine-grained  edge  of  the  diorite 
mass  is  seen  in  contact  with  baked  micaceous  schist^  both  being 
out  by  thin  red  granite  veins.   On  the  north  side  of  Gley  Loy 
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also  the  junction  between  the  diorite  and  the  ^militic  flacTstniT^fj  District  of 
is  well  exposed  both  on  the  driftless  bill-slopes  nnd  in  the  p^{\yjjfj|J[J^ 
numerous  streams  that  How  down  their  sides.    For  some  distiinee  ^j^i^.  Grant-  * 
outward  from  the  contact,  the  flagstones  are  baked  aud  altered  Wilson.) 
and  become  gneiasose. 

Tlie  Coize  an  Li^htuinn  Bum  crosses  the  boundary  Ime  of 
the  diorite  several  times.  The  banded  flt^tones  are  broken  and 
indurated,  and  together  with  the  igneous  rock  are  cut  by  numerous 
small  red  ^anite  dykes. 

A  description  of  the  Banavie  granite  was  given  in  the 
Summary  of  Progress  for  1897.  A  sample  of  this  rock  from  the 
Stnme  quarry  hM  since  been  analysed  oy  Mb.  Grant-Wilson, 
with  the  following  resulta : — 
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This  granite  about  twenty  years  ago  was  worked  to  a 
considerable  extent  at  the  Strone  quarry.  A  spedmen  of  it  sent 
to  Mb.  Teall  was  examined  by  him  microscopically  and  he 
desenbesit  as: 

'^rssoil  Pink,  medinm  grained  granite  with  a  few  flakeB  of  biotite. 

Unaer  tno  raicroscojw  oligocla.se,  microcline  (very  abi]|idant)»  <11iait8  aod 
Inotlte  (very  scarce).  The  rock  is  a  microcliue-granite." 

The  main  mass  of  Rinavie  ^anite  bounds  the  Glen  Loy 
diorite  on  its  souUi  side.  The  junction  line  between  the  two 
rocks  is  very  irregular,  and  the  granite  sends  great  tongues  into 
the  more  ba.sic  mass.  Beyond  the  contact  boundary  the  diorite 
is  traversed  by  numerous  dykes  of  granite. 

Above  the  Bridge  of  Loy  several  large  and  small  pink  granite 
dykes  cut  the  diorite  with  a  general  north-east  eouise.  From 
one  of  these,  300  yards  above  the  bridge,  a  specimen  was  sub- 
mitted to  Mb.  Teall,  who  reports  regarding  it : 

"  [8292.]  Medium-grained  pink  granitic  rock,  almost  entirely  composed  of 
quartz  and  felspar.  Under  die  microscope  microcline,  quartz,  ana  biotite 
(.scarf^e).  The  rock  contains  a  little  vemiirnlar  pegmatite.  There  may  be 
a  liUie  original  moaoovite.    It  is  a  microcline  granite." 

For  about  a  mile-and-a-half  above  the  Bridge  of  Loy  these 
j)ink  n-ranite  dykes  are  very  numerous.  The  acin  material  some- 
times takes  the  form  of  sills.  The  diorite  is  here  also  intersected 
by  numerous  veins  of  pcgnuitite,  hghter  in  colour  than  the 
matexifll  of  the  gnmite  dykes,  mudi  coarser  in  texture,  and  often 
presenting  badly  definea  irregular  maxgins.  A  speoimen  from 
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District  of  one  of  these  pegmatite  veins  from  the  foot  of  the  AUt  Barraich, 
Fort  wminu  ^7  ^B.  Tball,  is  thus  deaeribed  by  bim : 

(Mr.  Gnnt- 

Wilion.)  "[8203].   A  nearly  whitr  ro.^k,  containing  small  sralo-<  of  inuscovite. 

Under  the  microecofic  api>ear  oligoclaae,  alk&li-felst>ar,  including  microcline, 
quarts,  and  roiucovite,  magrnetite  as  an  accea<«ory.  Alkali-felspar,  quartz, 
and  muscovite  nft<Mi  occur  in  lar^o  plates, sho wing  micro-j)orphyritic  struct  are 
and  quartz  and  alkali-felspar  somutimes  show  micropegmatitic  structure — 
the  rode  is  a  auttcoTite-granite." 

The  close  refliemblanco  of  the  determinations  by  Mr.  Teall  of 
the  BanJivie  granite,  the  pink  jxranito  dykes,  and  the  pegmatite- 
veins  t'littini?  the  diorite,  together  with  the  direct  evidence 
atibrded  by  the  Glen  Loy  sections,  show  the  granite  to  be  of  later 
origin  than  the  more  basic  rock,  and  indicate  that  the  granite 
dykes  axe  apophyses  from  tbe  main  mass.  The  Baoavie  granite, 
the  Qlen  Loy  diorite,  and  its  granite-dykes  are  all  mifoUated. 

An  interesting  feature  of  tbe  ground  siurveyed  by  Mr.  Grant* 

Wii.soN  last  year  is  tbe  occurrence  of  dykes  of  the  Scourie  type 
in  the  flagstones  on  the  ridge  nf  tlio  C  oille  Mhor  of  Fassafem, 
One  of  them,  18  yards  broad,  whi  li  has  an  easterly  course,  and 
stands  out  in  bold  relief  above  the  surroimding  flagstones,  is  hard 
and  tough,  dark-grey — almost  black — ^in  colour,  and  studded  with 
rough  aggregates  of  ndmblende,  some  of  vbicb  aie  more  tbaii  a 
quart  er  of  an  inch  in  length.  A  specimen  of  tbis  rock,  examined 
by  Ms.  Teall,  is  thus  described  by  him 

"  [81991.  Under  the  microscope  green  hornblende  in  large  ragged  poiki- 
litic  patches  and  aggregates  of  smaller  individuals,  ffranuntic  pla^uclase, 
iron  ore5;,  an rl  s]  iheno .   Original  stoictures  obliterated.  This  dyke  la  of  the 

Scourie  type — epidiorite," 

These  dykes  apnear  to  be  earlier  in  age  than  the  other  varieties 
that  traverse  the  flagstones.  They  may  be  related  to  tbe  Olen 
Scaddle  mass.  Several  other  hornblende-schist  sills  (some  ^^ith 
garnets)  were  mapped  in  the  flagstone  area.  These  probably 
oolong  to  the  same  period,  with  the  dykes  just  referred  to.  In 
addition  to  the  numerous  red  granite-dykes,  several  red  and  grey 
felspar-porphyries  aie  seen  in  Uie  Annet  Bum,  and  also  along  tbe 
ridge  of  tbe  Druim  Fada. 

East  of  the  line  of  tbe  great  fault  that  coincides  with  tbe 
chain  of  lakes  and  the  long  hollow  of  Glen  Albyn,  Mr.  Grant- 
Wilson  continued  the  mapping  of  the  zones  of  schist  traced 
by  hini  between  Fort  William  and  Loch  Leven,  and  followed 
them  northwards  across  the  tract  between  the  Ben  Nevis 
momitain  group  and  tbe  riyras  Spean  and  Lochy.  These  zones 
consist  of  (I)^  Sericitic  mica-scbist,  (2)  Black  schist,  (3)  Dark- 
grey  flaggy  mica^scbist,  (4)  Limestone,  and  (5)  Black  Scbist. 

(1.)  The  most  westerly  portion  of  tbe  strip  of  sericitic  mica^ 

schist  near  Camisky  is  generally  green  in  colour  and  garnetiferous, 
and  includes  deformed  strini^  and  masses  of  bin ck -schist  and 
nnartz-sehist.  In  the  continuation  of  this  zone  to  the  soutli  of 
i'ort  William,  the  best  examples  of  the  rock  are  to  be  foimd 
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along  tlie  Auchintore  shore,  a  specimen  from  vbioh  is  thus  District  of 
described  by  Mb.  Tsall  :  Loch  Eii  and 

^  FortWilliaai. 
•*[6841.]  A  fine-grained  greenish-grey  adiUtoee  rock.    Under  the  micro-  (Mr.  Grant- 
scope,  quartz,  felspar  (partly  .striated),  jsericite  and  chlorite  ;  iron  ores  and  WUaon.) 
a  carbonate  as  accessories,    borne  of  the  large  grains  of  quartz  and  felspar 
appear  to  be  dastic  fragmonts.   I  think  the  xodc  is  a  sheared  finenxained 

The  streams  and  cragg>'  ridges  abore  Aucliindaull,  about  two 
miles  S.W.  from  Spcan  Bridge,  give  good  exposures  of  this 
crumpled  and  contorted  s  lnst^bnt  the  best  section  in  the  district 
is  to  be  found  in  the  rock  gorge  of  the  River  Spean  above 
Gairlochy,which  is  not  yet  completely  surveyed, 

(2.)  A  belt  of  black  schist  varying  in  Dfoadth  from  150  to 
400  yards  lies  between  the  sericite-schist,  just  mentioned,  and 
the  nf^gy  mica-schist.  At  a  distance  of  300  yards  from  the 
edge  of  the  Ben  Nevis  granite  this  belt  is  exposed  in  the  stream 
above  the  Ben  Nevis  distillery,  Avhcre  the  rocK  is  metamorphosed 
by  the  granite  into  a  dark -grey  banded  homfels.  Traced  to  the 
north,  away  from  the  intrusive  mass,  the  rock  becomes  less 
altered.  At  the  back  of  New  InYerlochv  Castle  it  is  still  per- 
meated with  small  dykes  of  granite,  while  below  Auchindaull  it 
contains  knots  and  garnets. 

(3.)  The  River  Spean,  between  the  Free  Churcli  of  Killmoni- 
Taiff  and  Koy  Bridge  affords  an  admirable  section  of  the  zone  of 
dark-grey  flaggy  mica-schists.  Owing  to  deep  drift  between  the 
Spean  and  fort  William,  only  isolated  rock  sections  are  exposed 
in  that  nut  of  the  district  Along  the  course  of  the  Biver 
Lundy,  which  runs  at  no  great  distance  from  the  margin  of  the 
granite,  these  mica-schists  arc  seen  to  be  much  altered.  They 
have  been  converted  into  homfels. 

(4.)  The  band  of  limestone  is  an  extension  of  that  which  has 
been  traced  in  a  continuous  line  (except  where  intersected  by 
Loch  Leven  and  the  Amm  Ferry)  from  the  south  point  of 
Lismore  to  Glen  Nevis.  In  the  tract  between  Fort  Wilfiam  and 
the  Spean  it  extends  from  Crcag  Aoile  to  Lianachan,  and  a 
traverse  of  the  ground  showed  it  to  be  continuous  into  Glen  Key, 
whence  it  probably  stretches  much  farther  to  the  north-cast.  It 
is  well  exposed  at  the  Creag  Aoile,  wiiere  it  appears  as  the 
purest  crystalline  limestone  that  has  yet  been  met  with  during  the 
GeolmcA  Surrey  of  the*  Argylkhire  Highlands.  Almost  entirely 
free  m>m  any  admixture  of  black-schist,  it  is  generally  light 
grey  in  colour,  with  white  bands.  It  more  closely  resembles  the 
Appin  limestone  than  that  of  Lismore.  The  planes  of  foliation 
in  it  are  inclined  at  a  high  angle  to  the  north,  and  its  apparent 
breadth  at  the  surface  may  to  a  certain  extent  be  due  to  folding. 
To  the  south-west  of  Creag  Aoile  the  limestone  abuts  directly 
against  the  granite,  but  probably  on  account  of  the  purity  of  the 
rock,  the  contact  minerals  appear  to  be  absent. 

(5.)  Of  the  second  zone  of  black  S(;liist  only  a  portion  has 
yet  been  mapjxid.  In  the  east  Allt-Criche  Burn  a  band  of  grey 
slaty  phyllite  comes  next  to  the  limestone.  It  is  succeeded  by 
a  small  belt  of  limestone,  after  which  the  black  schist  sets  in. 
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Disiriotof    rep^ilarly  foliated,  and  dipping  to  tho  south-east.    This  schist  is 
p^^wnH*"^  cut  by  several  dykes  of  j,'runitc,fe1spar-j>orphry,aiMl  JAmprophyre^ 
(Mrl^  GnS?**       passes  into  the  condition  of  Hinty  nonifola. 
WilfloD).  Besides  mfinpinj:f  the  tri;r(v::iiliir  space  between  Tk^n  Nevis,  the 

Spean,  and  tlie  Lochy,  ^lu.  ( iUANT-WiLSON  was  able  to  devote 
somo  time  to  ground  situated  to  the  south-west  of  Ben  Nevis,  in 
continuation  of  his  previous  survey  of  the  district  l^ing  further 
t6  the  south*  He  had  abeady  traced  the  northern  limh  of  a 
synclinal  fold  of  the  limestono  which  stretrht  s  north-eastward 
from  Oorry  Chiirachan,  two  miles  north  of  Corran  Ferry,  to 
Bcinn  Kiabach,  two  miles  south  of  Fort  William.  Round  this 
last-named  hill  the  linu'stonc  forms  steep  cragrs,  which  overluuk 
Glen  Nevis,  and  folding  ujjon  itself  it  then  turns  round  to  the 
south-west,  passmg  through  Blarmaehfoldach  to  the  water  of 
Kiachnish.  In  this  district  it  is  thrown  into  three  s\'nclinal  folds, 
the  centres  of  which  are  occupied  by  black  schists.  Fr(  > rn  th e  Co i  re 
a  Mhuilinn,  where  the  limestone  passes  below  the  l)lack  schist  by 
the  l)ase  of  Sgor  Chalum  to  the  Kiver  Nevis,  the  rock  presents 
an  almost  continuous  outcrop.  In  Glen  Nevis,  at  the  surface, 
it  is  only  separated  from  the  granite  of  that  glen  by  a  narrow 
terrace  of  alTuTiuzn.  To  the  west  of  the  Water  of  Eiachniah,  on 
both  sides  of  the  synclinal  fold,  the  rock  appears  as  an  ordinary 
cry  stalline  limestone.  At  Blarmachfoldach,  two  and  a  half  miles 
from  the  Ben  Nevis  granite,  smrdl  crystals  of  actinolitc  first  show 
themselves  in  a  band  of  impure  hniestone.  Nearer  to  the  ^Tanite, 
as  was  stated  in  the  last  Surnmaryt  the  limestone  is  still  further 
altered,  and  a  specimen  taken  from  the  crags  above  Glen  Nevis 
House  was  found  by  Mr.  Teall  to  be  "a  light  grey  homfels, 
containing  some  huge  ciystals  of  homblenda'' 

The  limestone  is  succeeded  to  the  south-east  by  a  connderable 
area  of  black  schist,  of  which  good  sections  maybe  seen  in  the 
water  of  Kiachnish,  in  the  Coire  a  Mhuilinn,  and  on  the  rocky 
slopes  of  Sgor  Chahmi.  In  these  exposiires  the  strata  have  a 
north-east  and  south-west  strike,  and  are  Lrcnerally  either  vertical 
or  inclined  at  a  high  angle  to  the  south-east.  They  consist 
mainly  of  black  schist  with  occasional  bands  of  phyllite.  To  the 
east  01  Lundavra  these  rocks  pass  latterly  into  the  grey  and  green 
phyllites  with  black  schist  partings,  which  have  already 
been  mapped  to  the  shores  ot  LocTi  Lev<'!i  around  Nortn 
Ballachuush.  The  north-eastern  comer  of  this  area  of  black 
schist  abuts  against  the  Ben  Nevis  granite,  while  its  south- 
western margin  surrounds  the  granite  boss  of  Meall  a  Chaoruinn. 
The  contact  metamorphism  aiound  these  two  igneous  masses 
is  very  remarkable. 

In  the  stream -sections  midway  between  these  two  granites,  the 
black  schist  is  little  altered,  though  the  various  dykes  which  in- 
tersect it  are  there  numerous.  In  the  course  of  the  Kiachnish 
Water  the  rooks  becom*^  more  altered  as  they  apjiroach  tho 
granite  of  Meall  a  Chaoruinn.  Some  of  the  bands  become 
knotted  schists,  while  others  are  filled  with  small  garnets.  A 
specimmi  taken  from  the  river  below  Blar  a  Chaoruinn,  about  • 
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400  yards  ienm  the  edge  of  the  moite  is  thus  described  by  M&  Di  tnci  ot 
Teall-  o  ^,  LoehEUaad 

FOTtWilliwn: 

"[8277.1  A  dark  grey  banded  rock.   Under  the  microscope  it  presents  (\fr.  Grants 
&  confused  aggregate  of  nearljr  colourl^  mica  and  micro-crystalline  quartz,  Wilson.) 
toL'ether  withbiotite,  andalusite^  and  opaque  gnuna,  which  appear  wnite  hf 
leflected  light  (leuoozene).'' 

A  similar  progressiTe  metamorphism  is  also  to  be  seen  as  the 
black  schist  approaches  the  Ben  Nevis  gianite.    To  the  south" 

GRst  of  tVto  vitriHed  fort,  the  schist  Ix^comes  a  dark.  Tiifissive,  well- 
banded  steel-grey  rock,  which  is  hard  to  break.  On  tiie  surfaces 
of  the  foliation  planes  mica  is  assembled  in  spots  and  masses.  A 
specimen  submitted  to  Mr.  Teall  was  founa  to  be : 

"  [8278.]  Mainly  composed  of  biotite  and  quartz.  The  biotite  occurs  in 
ezfcremelv  small  Males,  and  also  in  irr^ular  plates  with  nteocfaroic 
halr>s.  There  is  also  sencitic  mica,  chlorite^  pynt^  and  a  few  small  crystals 

of  tourmahne.~Biotite  Schist." 

The  western  edge  of  the  Ben  Nevis  granite  mass  has  now  been 
traced  from  a  point  near  Glen  Nc\ns  House  north-eastward  to 
the  Sgor  a  Pneanais,  a  distance  of  six  miles.  It  coincides 
generally  with  the  line  along  which  the  ditferent  hills  and  ridges 
that  farm  the  mountain  mass  of  Ne^is  sink  into  the  plam. 
Haifa  mile  above  Glen  Nevis  House  the  intrusive  character  of 
thia  gnmite  is  well  seen  in  horizontal  sections  in  the  rocky  bed  of 
the  river.  The  flaggy  mica-schists  are  there  intensely  altered 
and  shattered.  The  granite  is  steel-grey  in  colour,  with  flecks  of 
black  mica,  but  weathers  nisty-red.  So  far  as  it  hiis  been  mapped 
the  rock  is  all  unfoliated.  It  is  medium  in  grain,  but  towards  its 
edge  it  becomes  fine-eiained.  A  specimen  taken  from  the  hill 
above  this  section  is  thus  described  07  Mr.  Teall  : 

"[6561.]  Medium-grained,  grey  granite^  Under  the  microscope  zoned 

plagiocla.se,  ortlioclfuse,  (iiiartz,  l)i()tito,  and  green  hornblende  are  sctni. 
Brov^n  sphene,  iron-ores  (scarce),  and  apatite  as  accessories.  Pleochroic 
halos  round  indeterminable  inclusions  in  biotite.  The  felsp^  and 
quartz  all  lie  between  sp.  gr.  2*65  and  2'56.  The  zoned  plagioclaae  probably 
ranges  in  composition  from  andesine  or  possi)>ly  labrfiaoritc  to  ofigoclase, 
and  agrees  on  the  average  with  a  somewJiat  ba^ic  oligocla^e.  It  is 
markedfyidiomorphic,  and  is  the  dominating  felspar.  Quartz  and  ortho- 
clase  occur  as  intci^titial  matter.  The  margins  of  some  of  the  plagiocla.se 
crystals  contain  vermicular  quartz.  Hornblende  is  paJe-^een  in  colour, 
and  not  very  abundant  The  granite  is  closely  idiied  both  m  atnictnre  and 
composition  to  the  grnnit  s  of  the  Galloway  region.  The  rock  is  a  biotite- 
granitc  with  some  hornblende." 

Another  granite  mass  forms  Mcall  a  Chaoniinn  (2,941  feet), 
which  rises  three  miles  south-west  from  the  western  c(l<;<3  of  the 
Ben  Nevis  granite,  and  near  the  head  waters  of  BLiachnish  Water. 
This  height,  with  its  red  screes  standing  out  in  bold  relief  a^inst 
the  white  quartzite  ridge  of  Stob  £ui,  fonns  a  conspicuous 
feature  in  the  landscape.  The  rock,  which  is  everywhere 
unfoliated,  is  pink  in  colour,  and  varies  from  a  medium  to  a 
coarse  grain.  It  is  largely  composed  of  quartz  and  alkali- 
felspar,  and  contains  a  few  ftakos  of  miiscovitc.  Exanjined  by 
Mr.  Teall,  it  was  found  to  consist  of  ''[8276]  Ohgoclase, 
alkali-felspar  (micro-perthite),  and  quartz,  xhe  rode  is  mainljr 
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District  of  composed  of  alkali-felspar  and  quartz.  It  is  almost  a  binary 
FWtNvniiaaf  P^'^'^'^^'  '^^^  uuartz  contains  liquid  inclusions,  with  moving 
(Mr.  G»nt^"  oubblcii."  He  atlds  that  thiii  is  the  most  acid  granite  that  hiis  as 
WUmni.)  yet  been  obtained  from  this  series  of  eruptiTO  rock&  The 
outline  of  the  mass  forms  an  irregular  square,  with  rounded 
comers^  embracine  about  a  square  mile  and  a  hall 

Tn  Glen  Seiloacli,  al)out  two  miles  further  to  the  sonth-xvest, 
the  schists  are  pierced  by  a  stnall  boss  of  pink  jj^ranite,  which  thus 
lies  midway  between  the  granite  matises  of  Meall  a  Chaoruinn  and 
BallachulisL  This  rock,  which  is  very  much  weathered,  appears 
to  be  identical  in  coninosition  with  tnat  of  Meall  Chaoruinn. 
It  has  been  examined  oy  Mr.  Teall,  who  thus  describes  it: 

"[6562].   Pink  in  colour,  and  nu dium-gTained,  with  eartlqr  pale-green 

decomposition  proilucts,  after  a  ferro-mafniesian  mineral.  Under  the 
micruscope  it  is  too  much  altered  for  satisfactory  determination.  Idio- 
morphic  plagioclase  (highly  altered),  very  abuncumt,  interstitial  quarts 
chloritei  secondary  white  mica,  »Jsc. — altered  biotitp-granite." 

A  considerable  nnniher  of  lamprophjTe  dykes  and  sills  traverse 
the  black  snliist  and  limestone  oetween  the  top  of  the  Bidean 
Bad  na  h  lolaire  and  the  shoulder  of  Sgor  Chalura.  In  some 
places  they  are  so  numerous  that  as  many  as  27  have  been 
mapped  in  a  single  mile  of  section  in  the  Coire  a  Mhuilinn.  As 
a  rule,  they  ate  comparatively  narrow,  and  cannot  be  traced 
far.  Their  general  trend  is  towards  K.  30^-40^  N.  One 
large  example  has  been  traced  from  tlie  Kiachnish  Water  to 
Blarnacdrynie,  a  distance  of  a  mile  and  a  li;ilf. 

Camptonile  dykes  and  sills,  which  are  varieLies  of  the  lampro- 
phyres,  are  closely  associated  with  these.  They  are  found  chiefly 
on  the  south  side  of  the  **  Beiders,"  and  on  the  shoulder  of  Sgor 
Chaliim.  The  course  of  some  of  these  can  be  traced  for  more 
than  a  mile,  and  their  direction  vanes  from  E.  30'  N.  to 
E.  45°  N.,  with  a  breadth  of  from  10  to  20  feet.  A  specimen 
collected  to  the  south  of  Biar  nan  Cleireach  is  described  by  Mb. 
Teall  as  follows : 

"[6659].  Darkf  almost  black  medium-grained  rock.   Under  tiie  micro- 

8coy>e  acicular  prisms  of  brown  hornlilende  and  jilatos  of  greenish-brown 
biotite,  in  a  matrix  of  felspar,  which  is  in  part,  if  not  wholly,  plagioclase; 
apatite  fairly  abundant  as  an  accessory;  iron-ores  very  scarce.  The  felspar 
Ct  the  matrix  occurs  in  large  irregular  iiullvuluals  in  which  tlie  ferro- 
magnesiaa  minerala  occur  as  inclusions,  thus  giving  the  rock  a  marked 
micro-poikilitic  structure — diorite  (camptonite). 

Dykes  of  porphyrite  are  less  common  than  those  of  lam- 

ffrophyre  and  camptonite.  Their  general  direction  is  N.  46*  E. 
n  two  instances  they  have  been  observed  to  cut  lainpropliyro 
dykes.  Above  the  old  niilit.arv  road  at  the  Allt  Riasgaig,  a  dark 
green  dyke  cuts  the  black  srhist  and  limestone.  ETnV>rddcd  in 
the  bnso  are  larLre  white  porpliyritic  crystals  of  teibpar,  often 
mcasuriiiL;  a  quarter  of  an  inch  in  length,  and  giving  the  rock  a 
striking  appearance.  An  examination  of  this  rock  by  Mjt.  Tejj.];* 
showed: — 

"  1^6500].  Phenocrysts  of  more  or  less  tiulnd  plagioclaAC  and  altered 
biotite  iu  a  micro- or  crypto-crystalline  matrix  ;  t  arlionatcs  fairly  abundant  ; 
thev  form  pseudomorphs  after  phenocrysts  of  some  fcrro-magne^iau  mineral, 
probaUy  angite.  The  rode  is  a  pofphyrite." 
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Mr.  Grant- Wilson's  field-work  last  year  has  afforded  still  District  of 
more  direct  evidence  as  to  die  exact  podtion  of  the  pow^OTfiil  Loch  Eii  and 
&ult  which  runs  along  the  line  of  the  Ghreat  Glen.    Below  GramT* 
Torcastle  the  river   Lodiy  runs  over  a  succession  of  rocky  ^i^oi^ 
cascades,  paused  by  bands  of  silvery  mica-schist  which  belong 
to  the  series  of  rorks  on  the  east  side  of  the  dislocation. 
At  a  distance  of  320  yards  to  the  north-west  of  this  river-section  . 

Sieissose  flagstones  are  seen  above  the  public  road,  so  that  the 
ult  must  pAss  jsetween  these  two  points.  In  the  Moyburn,  at 
the  road-bndge,  and  for  some  distance  up  stream,  the  Hagstones 
are  so  broken  up.  tuisted,and  veined  witii  eulcite  as  to  be  hardly 
rcro<»'nis;il)lf'.  Iroiii  their  shattered  condition  it  may  be  inferred 
that  if  this  is  not  its  actual  position,  the  line  of  fracture  cannot 
lie  far  off 

From  Oban  as  a  centre,  Mr.  Stmes  has  continued  his  field-  Ohan 
work,  in  thecourseof  which  he  hasliad  oecasionto  map  somefiirther  (i£-/syrae«  ) 
small  portion  of  the  Argyllshire  schists.  He  finds  these  rocks 
well  developed  about  Kihnf  Ifort.  On  the  shore  there  they  consist 
of  phvllites  and  niir  a  -t  liisLs,  which,  further  to  tlie  east,  are  replaced 
by  one  thick  baud  of  limestone,  followed  by  thin  siliceous  schists, 
then  by  epidote-chloritic  biotito-schists,  and  lastly  by  siliceous 
schists,  with  occasional  thick  quartzites.  The  whole  section 
shows  a  steady  dip  to  the  east ;  but  little  crumpling  or  repetition 
of  the  beds  has  been  detected.  The  one  zone  ot  limestone  which 
may  be  alwut  30  feet  thick,  but  is  composed  of  numerous  IxhR  is 
not  repeated  as  far  as  the  survey  has  yet  advanced.  Thi  uuijliout 
the  section  numerous  intrusioiLs  of  epidiorite  were  noticed  in  all 
the  beds.  The  eruptive  rock  shows  considetable  variation,  but  for 
the  most  part  it  is  of  the  usual  dark-green  homblendic  type,  both 
compact  and  schistose,  and  very  decomposed.  At  the  water&ll 
on  tne  Gleann  Mor  River,  N.E.  of  Kilmelfort,  bedded  cpidiorites 
occur  unlike  any  others  in  the  district.  Thcv  are  li^dit  grey 
in  colour,  and  have  needle-shaped  crystals  of  felspar,  as  well  as 
milk-white  specks  of  felspar  ana  crystals  of  iron  pyrites  in  a  verjr 
compact  light  gre^  matrix.  These  rocks  occur  in  thick  beds 
without  any  shearing,  whereas  the  homblendic  epidiorites  nearly 
idvrays  show  signs  of  schistosity.  The  section  at  Kilmelfort 
TOBSents  a  remarkable  resemblance  to  that  at  ('ampV)elltown  in 
fontyre,  the  sut;(;,!ssion  of  the  beds  bein^^  the  same  ;  but  the  beds 
at  Campbclltown  are  nnu',h  foUlod  and  ibrni  an  anticline,  while 
tho.se  at  Kilmelfort  have  a  steady  dip  to  the  east  If  this 
inclination  can  be  taken  to  indicate  the  ffeneial  succession  of 
strata  the  Kilmelfort  beds  would  appear  to  lie  on  a  much  higher 
horizon  than  the  black  slates  and  associated  limestone  which 
(H'fur  at  Kasdale,  Kerrera  Island,  and  as  far  north  in  this 
district  as  Loi'h  Creran. 

For  genomic  purposes  the  limestones  at  Kilmelfort  are  valuable 
for  their  marked  binding  properties,  but  thoy  can  hardly  compete 
in  a  financial  point  of  view  with  the  richer  limestones  of  the 
Carboniferous  and  other  formations  which  can  be  brought  to  these 
coasts  by  sea. 

In  the  Bal vicar  and  other  quanies  about  K^iiidale  numerous 
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bands  of  limestone  Imye  been  noted  amonff  tbe  slates  and  som^ 
times  also  iuhIhIcs  of  limestone.  The  miics  in  the  Balvicar 
(Mr.  Bymw.)  q^^j^^py  j^j.©  cla.sse(l  as  1)1  uo  and  black  ;  tlio  f(jnncr  include  large 
cubes  of  iron  T>vrites  which  are  not  dctriincntal  to  their  sale. 
Both  blue  and  black  are  of  about  the  bame  general  value  in 
the  market. 

Slates  were  once  worked  at  Ardentallan.  on  the  north  side  of 
Loch  Feoch^,  but  the  quarrying  of  them  had  to  be  abandoned 

owinf^  tn  local  encroachment  of  the  sea. 

"(fooil  sections  to  illustrate  the  relations  betwtH'n  cleavage  and 
bedding  are  to  be  seen  along  the  sliures  of  Seil  Island.  Thns.  on 
the  bend  just  ea.st  of  Jjisdale  .school-house,  the  Dalradian  rocks, 
inclined  at  74^  to  E.H.E.,  consist  of  black  slates  or  phyllites  with 
intercalated  beds  of  limestone.  The  slates  are  traversed  by  a 
cleavage  which  dips  in  the  same  direction  at  50^  They  are  also 
finely  frilled  or  puckered,  and  the  cleavage-planes  are  covered 
with  a  silvery  seneitif  snrf:u'<».  Hero  foliation  has  taken  place 
aioii^'  the  planes  of  (•!»  a va <,'■(•.  The  limestones  are  earth v,  snaly, 
and  comjmct,  and,  like  tlie  slates,  are  full  of  cubes  of  pyrites. 

A  few  yards  to  the  south  of  the  part  of  the  beach  where 
these  observations  were  made  the  strata  rise  in  the  opposite 
direction,  but  the  cleavage  still  continues  towards  S.E.,  though 
Avith  less  re^riilarity,  and  its  planes  are  occasionally  (airved.  Tlie 
.slates  vary  lu  re  not  only  in  the  direction  but  also  in  the  amoinit 
their  incliimlion,  the  dip  being  .sometime  as  low  as  15*^  and 
changing  in  a  few  yards  to  verticaUty.*** 

A  large  mass  of  diorite  has  been  mapp^ed  east  of  Balvicar;  the 
exjK)sure  extends  S.W.  for  aljout  two  miles,  its  ^eatest  In'Mdth 
Ixnng  about  half-a-mile.  Beds  of  dolomite  with  a  large  per- 
centn«:;^o  of  iron  occnr  in  it  alonor  eleav age- planes. 

The  survey  of  Jura  by  Mr.  Wilkin.son,  dminu:  the  pa.st  year, 
has  not  disclosed  any  new  facts  of  imj[X)rtan<;e  in  the  geologA-  of 
the  island.  The  quartsdtes  along  their  south-eastern  Doundarv 
have  been  found  sometimes  to  contain  so  much  dark  material, 
like  that  of  the  adjacent  graphite  schists,  as  to  take  a  dark  blue 
or  blark  tint  throughout  tlie  quartzite  area.  The  beds  arc 
often  gritty  and  pebbly,  and  along  their  eastern  margin  they 
apjK'ar  to  have  IxM^n  subjecte«l  to  mueh  niovement.  In  a 
north-wcsterh'  direction  across  their  .strike  they  become  more 
massive,  and  vary  from  fine  to  coarse  conglomerates.  The 
pebbles  in  thes«  strata  are  quartz  and  quartzue,  and  a  few  of 
jasjwT  were  noticed.  Tlie  more  massive  l>eds  appear  to  l)e 
sc^pnrated  hv  occasional  l.aiuls  ot'  cleaved  qnarlzo.sc  .shale, 
and  dip  .steadily  in  a  sonth-easterly  direction  at  angles  f»f 
from  'SO'^  to  40*^.  So  even  and  uniform  is  their  inclina- 
tion that  at  some  little  distance  no  sign  can  be  detected 
that  the  beds  are  repeated  by  folding.  Anyone  sailing 
round  the  coast,  particularly  on  the  n<nth  western  side  of 
the  island,  cannot  hut  he  'struck  with  this  apparent  per- 
sistent uniformity  of  dip.    On  closer  examination,  however, 

*  Notes  by  the  Difector-Oeneral  made  during  an  inspection  of  Mb. 
Sricss'  ground  in  the  summer  of  issa 
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ample  evidence  is  found  tliat  the  strata  have  been  repeated  hv  a  islaml  of 
system  of  V-shapod  folds.    By  this  structure  an  ai)|>ernuiice  of ''"fa-.  (Mr. 
enormous  thickneBs  has  been  given  to  tliis  formation,  which  is  ^v»*kuMoii.) 
probablj  entirely  deceptive.    So  iar  no  annelid  tubes  have 
been  discovered  in  the  area  surveyed.    The  Director-General, 
however,  found  some  on  llu'  west  side  of  the  island  in  the 
district  over  which  the  mappiiiLT  has  not  \  *  t  o\tend<xl. 

Like  the  quartzites,  the  skies  and  schists  of  Jura  exa(  tlv 
resemble  those  of  the  east  coast  of  Islay,  of  which  they  are 
doubtless  a  prolongation.  They  probably  represent  the  calc- 
sericite  schists  and  quartzose  grits  of  the  Ardrishaig  series  of 
the  mainland.  Occupying  a  band  or  strip  of  land  about  two 
miles  wide  on  the  sniith  ca.^t  shores  of  the  island,  tluy  extend 
in  a  north-easterly  direction  alontr  the  coast  as  far  north  as  the 
Jield-work  has  yet  reached.  They  appear  and  disap|»ear  with  the 
folds  of  the  cjuartzite.  Where  the  latter  rock  comes  in  contact 
with  the  schists  it  is  exceedingly  difficult,  if  not  iroYJossible,  to 
separate  the  sheared  qiiartzite  from  the  quartz-.sohists  of  the  schist 
.series.  In  the  quartzite  area  lxjtwt»en  Lowlandman's  Bay  and 
TarlHjrt  several  inlying  areas  of  slates  mid  i,^rnphitie  schist  hav*e  been 
met  with.  At Tarbert  Bay.  where  tlie  sLites  have  hc<  ii  extensively 
quarried  a  good  rough  slate  has  been  obtained,  but  owing  to  the 
frequent  oceurrenoe  of  gritty  bands,  so  laige  a  proportion  of  the 
rock  is  useless,  that  quarrying  does  not  repay  the  cost  of  labour  and 
carriage.  The  same  remark  also  a])plies  to  the  ouarries  which 
were  opened  at  Inverlussa,  but  which  havi;  l>ccn  dosed  for  some 
time.  The  same  double  set  f)f  planes  of  movenjent  can  Ik*,  traeed 
in  the  schists  and  slaters  wliich  has  been  noticed  in  the  cleaved 
beds  in  the  quartzite.  A  good  example  of  the  structure  may 
be  seen  a  little  south  of  the  Forest  Lodge.  In  this  gr(.)up  a  few 
bands  of  dolomitic  limestone  have  been  obser\'ed,  which  generally 
weather  with  a  characteristic  honeycombed  surface. 

Between  Ardfin  and  Ardineiiisli  the  tfroup  of  schists  includes 
intonuilated  sills  of  i  pidioriit .  Tlie.so  eruptive  rocks  occur  in 
massive  sheets,  and  form  dark  j>igged  ridgt^s  alon^^  the  coastline 
and  for  some  little  distance  inland.  They  occur  m  exactly  the 
same  manner  as  those  of  Islay.  The  centre  of  each  sfll  is 
generally  a  coarsely  porphyritic  rock,  which  would  make  a  hand- 
some ornamental  ston*;  if  polished,  as  it  ef>ntains  Inr^e  crystals  of 
a  pnle  flesh-coloured  felspir  scattered  through  a  mottltMl  gn  cnish 
matrix.  Towards  the  edges,  the  texture  of  the  rock  bcj-onies 
mu*  h  tiner  and  closer,  more  schisto.se,  and  generally  of  a  darker 
green  colour.  Although  the  ridges  formed  by  these  rocks  are  so 
numerous  as  to  convey  the  impression  that  many  sheets  of 
igneous  nuUerial  have  been  uijected  into  the  sediments,  it  is 
probable  tliai  the  a pp«^a ranee  isdec(  ]>tive,aTid  that  in  reality  there 
are  only  a  few  sills  wliicih  have  been  repeated  over  nnd  over  again 
by  a  system  of  plication.  The  axes  of  the  folds  run  parallel  to 
eacTi  other  in  a  north-easterly  and  south-westerly  direction. 
Epidiorite  sills  do  not  occur  in  the  main  mass  of  the  quartzita 

North  of  Loch  Tarbert  the  epidiorite  ceases  to  occur  in  the 
form  of  silU   On  the  other  hand,  a  number  of  fine-grained  dark 
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iHiand  of  green  dykes  of  that  rock  form  well-marked  features  as  tiicy 
trnvene  the  quartzitei  They  nm  fat  miles,  some  from  east  to 

wukiiiMiii.)  ^^^^  others  from  north  to  south,  and  often  out  one  another  at 
right  angles.    One  of  them  near  Ardlussa  stretches  compK  t<  ]  v 

nr^ross  tli('  island  nnd  rims  parallel  to  and  not  fur  from  a  dvko  of 
olivme^oierite,  both  of  the  dykes  tormmg  prominent  ribs  of 
rock. 

Tt  is  worthy  of  note  that  where  these  dykes  of  epidiorite  make 
their  appearance  no  sills  of  that  material  are  to  be  seen,  while  at 
the  same  time  the  ordinary  olivine-dolerite  dykes  of  the  north- 
vest  or  Tertiary  series  become  much  less  numerous.  The  age  of 
these  exceptional  epidiorite  dykes  romains  to  be  determined.  In 
-  spite  of  their  coinridencc  in  (lircetion  with  the  later  dykes  of  the 
West  Highlands  they  an;  probably  vastly  older  than  these. 
They  have  not  yet  hi^n'  studiod  petrogiap^iically,  hut  they  are 
provisionally  placed  with  the  epidiorite  sills.  A  more  miuuto 
study  of  their  intemal  composition  and  structure  may  throw 
some  light  on  their  plaoe  in  the  suooes&ion  of  the  rocks  of  the 
islandi 

One  furUier  variety  of  eruptive  material  may  bo  noticed  here 

in  connection  with  the  Dalradian  rocks  of  Jura.  It  is  a  red 
porphyry  which  occurs  as  sills  in  tlio  quartzito  north  of  Loch 
Taroert.  Its  petrographical  characters  remain  to  bo  investigated. 


Island  of  Axxaa. 

(Mr.  Giinr.)  ^  The  last  district  to  be  noticed  in  which  the  field-work  of  1898 
included  any  portion  of  the  Dalradian  rocks  of  the  Highlands  is 

the  island  of  Arran,  where  during  the  greater  part  of  the  working 

season  Mr.  Gunn  continued  his  siirvov.  As  is  well-known,  the 
central  <:'THiiitc  of  the  northern  halfot*  the  island  is  8iirronn<kd 
with  a  nearly  continuous  rui^'  of  .schists.  Mr.  Grxv  in  mappii  ^j 
these  rocks  has  found  that  the  term  mica-schists  under 
which  they  have  frequently  been  referred  to,  is  hardly  applicable 
to  them  as  a  whole,  seeing  that  mica  is  sparingly  developed  in 
them,  except  in  the  finer  grained  varieties,  such  as  appear  on  the 
shore  about  Imaohar,  Pirnmill,  and  Tbunderijfay.  Along  these 
parts  of  tlie  coast,  hf)wever,  the  rocks  huve  l)een  more  than 
usually  plic^iLed  and  contain  nmuerous  (juartz  veins.  Generallv 
the  rock  is  a  moderately  fine-grained  schistose  sandstone,  includ- 
ing occasional  bands  of  a  fine  blue  slate,  and  also  rocks  of  a 
dec  idedlv  gritty  character,  schistose  greywacke,  and  conglomerate 
with  deformed  pebbles.  Tlie  coarsest  liands  are  thin,  and  cannot 
be  traced  far.  One  of  them,  near  Penrioeh,  contains  jx  bblf^s 
from  two  to  four  inches  hm'^.  Near  Penrioeh  also,  several  thin 
calcareous  bands  are  inten^iliited  in  a  dark-eoloured  schist.  One 
of  those  bands,  some  four  or  five  feet  thick,  was  formerly  quarried 
and  burnt  for  lime.  At  the  northern  end  of  the  island  near  the 
Cock,  a  finc-gi-ained  varietv  of  schist  was  a  good  deal  quarried  for 
slates  in  the  ktter  part  of  the  last  centuiy. 
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tn  the  lower  part  of  the  Pimmill  district,  the  schist  fenns  a  (Mr.  Guui.) 
remarkahle  serieTof  rid^  and  holbws  which  run  along  the 
strike  or  nearly  so;  higher  up  the  hillsides  other  marked 

features  arc  apparently  due  to  joints  or  faults  as  their  direction 
makes  an  angle  with  the  strike.  Near  the  ^Tanite  the  schist  is 
much  hardened,  and  the  finer  varieties  as.sunie  a  hluish  colour. 
A  marked  set  of  jointJi  s^ms  also  to  have  been  developed  in  this 
altered  rock  by  the  action  of  the  granite.  These  jomts  are  in 
some  places  much  more  prominent  than  the  foliation  planes, 
which  are  nearly  obliterated. 

The  ring  of  altered  schist  around  the  granite  is  here  and  there 
several  hundred  yards  in  width.  As  the  rock  is  less  easily 
decomposed  than  the  granite  itself,  it  sometimes  forms  a  ridge 
at  a  higher  elevation  than  the  granite  immediately  adjoining. 
This  is  well  sho>vn  in  Glen  Catacol,  and  in  Glen  Easan  iBioracn 
where  the  hardened  schist  has  been  cut  into  narrow  gorges  by 
the  streams. 


Cambrian. 
iBle  of  Skye. 

The  chief  field-work  last  year  among  rocks  of  Cambrian  age 
consbted  in  the  search  for  fossils  in  the  qnartzites  and  lime- 
stones of  Skye,  which  have  in  recent  years  been  mapped  by 
^fKssR.s.  Clough  and  Harker.  Some  portions  of  these  lime- 
stones were  formerly  supposed  to  l)c  altered  Lias,  but  a  more 
careful  study  of  their  geological  relations,  and  the  discovery  in 
them  of  some  of  the  characteristic  fossils  of  the  Durness  Lmie- 
stone  proved  them  to  be  undoubtedly  of  older  Falieozoic  ag^* 
The  fossil  collector,  Mr.  A.  Macconochie,  was  instructea  to 
search  the  two  districts  in  Sk}-e  where  these  rocks  are  displayed — 
the  neighbourhood  of  Ord  in  Sleat»  and  the  parish  of  Stratk 

While  mapping  the  Ord  district,  Mr.  Clouoh  recognised  (Mr.  Cloagh.) 
among  the  Cambrian  rocks  there  developed  representatives  of 
all  the  zones  that  had  been  previously  establiihed  in  the  typical 
ground  of  Sutherland  and  Ross-shire,  from  the  bottom  of  the 
quartzite  up  to  the  hiso  of  the  Sailndior  limestone.  The  liuie- 
stone  of  Ord  failed  to  yield  any  fossils  even  to  the  most  diligent 
examination.  But  this  want  of  success  is  not  surprising  when 
it  is  remembered  that  the  corresponding  lower  members  of  the 
limestone  series  at  Durness  haye  also  proved  angularly  barren 
of  oiganic  remains,  only  one  species,  Salferella  pulcheUa,  having 
been  found  in  two  thm  layers  near  the  base  of  the  Gruidaidh 
group,  Tho  characteristic  fossil  of  the  Serpulito  grit,  SdlfereUa 
( Serpulitea J  AloLCctUlochif  &]^^o&ra  to  be  of  rare  occurrence  in  that 


*  See  QuaH.  Jov*^  ^eol.  Soc-,  vol  xliv,  (1888),  p.  68. 
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{UT,Ckngh,)hor\7.nn  in  Skyo,  but  Mr.  CLorcn  detected  it  at  the  mont}i  of 
tlic  Old  lli\  i.'r.  Mb.  Macconochik  proved  tlie  presence  ot  the 
Okntllati-Uaiusi  in  the  "  FiK^oid-lxMls "  at  Tokavaig  and  Ord. 
He  obtained  from  theso  strula  the  following  fossils,  which  have 
boen  identified  by  Mb.  Peach  : — 

J'/d  ,nJ  :ff\'i,  sp,  Trilobite,  sp.  (not  Olendlua}. 

Oieiiellit.-<  ref ii  iihit I's.  ['each.  Hyolifhe*t,s\). 
OlendloUieH  ai'iruitas.  Teach.    Salterdla  pulchdla.  BiU. 

Mr.  Peach  has  further  found  that  the  quartzites  of  Sleat  have 
yielded  all  the  various  kinds  of  "  pii)es"  (Scolifhutt)  that  charac^ 
terise  the  zones  of  the  "  Pipe  Kock.  '  on  the  m&inland,  viz. : — 

Seolithua  linearis : 


n 
n 


sp.  No.  1  (small  pipes), 
sp.  No.  2  (coiiinion  pipes), 

sp.  No.  3  (trumpet  ^ivoa)  =  Arenicolites  of  Salter, 
sp.  No.  4  (Serptdite  Grit  pipes). 


The  first  fossils  found  in  the  Cambrian  rocks  of  Skye  were 
obtained  in  1887  b}  the  ])i rector-General  of  the  Survey  and  Mr. 
H.  M.  Cadell  from  the  limestone  slopes  of  the  Allt  a  Mhuliin 
in  Strath.  A  few  years  later  theDirector-Genml  and  Mr.  Peach 
^theied  some  more  spedmens  from  the  same  locality.  When 
the  ground  came  to  be  mapped  in  detail,  Mr.  Clouoh  and  Mr. 
Marker  found  fossils  .u  many  other  pla<tes  in  the  same  parish. 
Last  year,  as  tlie  result  of  a  careful  searcli  of  the  whole  district, 
Mr.  AlACCoxtM'HiE  has  greatlv  increa.sed  the  li.st  of  species  from 
these  rocks.  The  united  cotlections  now  amount  to  about  200 
specimens,  which  have  been  studied  b\  Mr.  Peach,  who  reports 
r^rding  them  as  follows : — 

ranibrian        "  I  have  now  made  a  study  c'f  these  f  ^sHils  in  order  to  (onij^wire 
FtHsilsof      them  witli  tho.se  obtained  from  Duniess.  and  to        to  whicii  of 
(jlir  reach.)       various  g^roups  of  the  Durness  hmestone  they  belong.    It  will 
*  be  remerobered  that  in  the  Durness  District,  as  shown  on  8heet 
114  of  the  1-inch  map,  and  in  the  Ucprt  of  the  Work  of  the 
Survey  *  the  limestone  was  suMivided  into  the  following  groups, 
arranged  in  descending  order : — 

^if.  Durine. 
/.  Croisphuil. 

Durness  J  SanKonihor. 
Limestoue  •  ^  Sailmhor. 

1 0.  Eilwiu  Diibh. 
\a.  Oraidaidh. 

The  following  list  shows  the  fossils  obtained  from  the  lime- 
Stone  of  Strath,  Sk3-e,  and  the  letters  attached  to  the  species 
correspond  to  those  in  the  table  just  given,  and  denote  the 


*  Quar-t.  Joui-n,  Geol.  Soc,^  vol  xliv.  (1868X  403w 
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fatratigraphical  zone  or  zones  in  which  the 
I>umess: — 


A  rch  'Tf><ci//Ji  ui  m  inganeiuU,  Bill,  (a) 

Calathium,  8u.  (e.) 

Sponge  rods  (f.) 

Sjxjnge  (e.  k  f.) 

J*laiudites,  sp.  (e.  <Se  f.) 

Solenopleura,  sp. 

Ortkuma  festtnata,  Bill,  (f.) 

„      ttriaiula,  Emm.  (e.) 
Orthity  sp. 

Eucluisnm  hlumenbachiay  Bill.(e.ftf.) 
Iloloimi  OiJitlia,  Bill,  (e.) 
JIauurea  crenulata^  Bill.  (e.  &  f.") 
„  opercnhunof  t(e.«M.) 

Eininomi,  Bill. 
Ocmiuif  Bill  (e.  f.) 
PMcAt,  Salt.  (e.  &  f.) 

„      operculum  of  ?  (f.) 
oix!rculum  sp.  No.  2(e.  &  f.) 
»>         >»   »  3(f.) 

Murchiifmui  Addina^x^. 


M 

»> 
l> 
If 


iossils  occur  in  Cambrian 
Fossila  of 
Skye. 

MwehUonia  gracilis.  Hall  {v.  k  f.) 
„  (jE'«Mtefi)a)^(/<x/a,ISalt. 
(e.  &  f.) 
OjililUfa  comiif'inaffi,  Vanux. 
OriosU/iiux  (MtfuroU/niaria)  Calphur- 
nia.  Bill.  (e.  ft  f.) 
„       sp.  (e.) 
„       oj^rculura  of  (e.) 
Pteurotomaria  ealci/erat  Bill  (e.  it  f .) 


HiK  (e.) 

if.) 


Eiuloceras,  sp.  (f.) 

ilocems)  in  m  7    f  ^ «/  //» , 
Salt.  (e.  <k  f.i 
8p.No.l(e.d:f.) 
»   „  2(e.) 

/  V    »»  ^ 
,  Blake  (e.  &  f.) 
memlaXf  Salt.  (e.  ft  f.) 
jiertinen$,  Blake  (a  ft  1) 


n 

Ofihoceras  dnrlnnin 


!*,     'sp.  (f.j 


"A  f^lancc  at  tlii.s  list  is  sufficient  to  .show  that  the  limestones 
from  wViifh  the  fossils  were  obtained  represent  tlie  Balnakiel  and 
Croisphuil  groups  of  Durness.  Several  of  the  species  here  indi- 
cated are  found  also  in  Newfoundlaad,  where  they  occur  in 
strata,  all  of  which,  aooording  to  Billings,  underlie  those  of  Cow 
Head,  which  yield  Phyllograptua  typus,  four  species  of  Tefra- 
arapius,  Callogrdpfm  elegans,  and  several  early  forms  of  trilo- 
oite — an  asscmblaij;c  that  clearly  points  to  an  Arcni«^  horizon. 
Accepting,  as  tluTc  seems  good  lejuson  to  do,  the  cla.ssitie4ition  by 
BiUings  of  the  Newfoundland  rocks,  the  fossils  here  tabulated 
appear  to  be  of  Middle  or  Upper  Camhrum  Age.*** 


Wicklow  and  Wexford. 

In  the  southward  progress  of  the  revision  of  the  Silurian 
districts  of  Ireland,  the  field-work  has  now  been  extended  across 

the  coundes  of  Wicklow  and  Wexford  by  MehsRS  Eqan  and 
McHenry.  In  tliat  region,  i\s  has  long  been  known,  certain  rocks 
occur  which  have  been  regarded  as  probably  older  tliuii  the 
undoubted  Silurian  formations,  and  which  have  therefore  been 
assigned  to  the  Cambrian  system.  This  reference,  liowever,  hiis 
been  based  rather  on  lithological  than  on  palseontological  grounds. 
The  rocks  which  in  the  south-oast  of  Ireland  have  been  named 
Cambrian,  have  been  compared  with  the  typical  Cambrian  rocks 
of  Wales  as  regards  their  mineral  composition  and  aspect  But 


*  BMOeologieai  Survey  qfCam»da,**MtM»mQT<^ 
(1861^),pp.386-37& 
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(MesRM.  they  have  proved  singularly  barren  of  organic  remains.  Some 
J^jm  and  layers  of  red  and  grey  shale  in  Wicklow  aiKltlir  smith  of  Wexford 
*  ^^}  )  many  ^ ears  ago  yielded  certain  tonus  whii  h  received  the  name 
of  Okihamia,  but  of  which  the  organic  nature  has  been  disputed, 
aud  even  when  admitted  to  represent  organisms,  oonsiderable 
diflference  of  opinion  has  arisen  as  to  their  grade.  These  forms 
were  at  all  evenis  not  found  in  the  true  Cambrian  rocks  of  Wales, 
so  that  they  could  att'ord  no  assistance  in  detenninii^  the 
str&tigraphical  position  of  the  rocks  wliich  contain  theiu. 

It  was  felt»  therefore,  that  in  the  revision  of  the  older  rocks  of 
the  south-east  of  Ireland,  an  effort  should  be  made  to  obtain  if 
possible  more  pala^ontological  evidence  as  to  the  stratigraphical 
relation  of  the  OW/ta//(  ut- bearing  stnitii,  and  at  the  same  tniie  to 
subject  their  tectonic  struciuro  to  iho  more  rigid  kind  of 
examination  which  the  progress  of  research  and  the  use  of  mans 
on  a  large  scale  have  now  made  [jossible  and  desirable. 
Accordingly  the  Fossil  Collector,  Mn.  Clark,  was  instruc  ed  to 
search  diligently  for  further  fossil  ovidenee,  wliile  Messrs.  Ecjax 
and  M 'Hen'HY,  besides  also  examining  the  roc  ks  for  organic 
remanis,  made  a  careful  study  of  the  general  structure  of  the 
ground.  The  result  of  these  combined  researches  has  been  so  far 
successful  as  to  show  that  the  02(2/«amia<bearing  strata  probably 
form  the  oldest  members  of  the  Paheozoic  series  of  the  ea.st  of 
Ireland,  but  no  palieontological  evidence  has  been  obtained 
to  prove  their  namhrian  ft5]^e.  In  the  series  ot  slates,  however, 
which  come  next  to  and  probably  overlie  these  strata,  a  number 
of  fossils  have  been  found  which  appear  to  be  undoubtedly 
referable  to  Arenig  forms.  If  the  ground  were  now  to  be 
ma{)ped  for  the  first  time  it  is  doubtful  whether  we  should  feel 
justified,  on  the  ground  merely  of  lithological  chazactets  and 
111  the  absence  of  reliable  palneontological  proof,  in  ^oii]iincf  any 
portion  ot  the  Palaeozoic  rocks  of  the  south-east  of  Ireland  in  the 
Cambrian  system.  Probably  the  purple  shales  and  quartzites 
which  were  lon^  ago  callea  Cambrian  would  be  regarded  as 
merely  a  subordmate  part  of  the  Lower  Silurian  formation  into 
which  they  nformably  pass,  and  some  of  the  fossils  of  which 
they  contain.  But  as  these  strata  have  for  so  many  years  been 
known  as  Cambrian,  and  as  it  cannot  he  definitely  proved  that 
they  are  not,  they  arc  retained  by  the  (leological  Survey  in  the 
position  which  they  have  held  for  so  long  a  time.  As  they  are 
so  closely  linked  with  the  Lower  Silurian  rocks  of  the  district 
in  which  they  occur,  the  account  of  recent  investigation  regarding 
them  is  given  in  the  next  section  of  this  Suimnary, 


SiLUkiAK. 
Wicklow  and  Wexford. 

(Messrt, 

iicTieiiry,  beginning  their  field  work  last  season  Messrs.  Egak  and 

and  CfSmi)  McHenry  instituted  an  exhaustive  search  within  the  Cambrian 
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iund  Silurian  areas  of  the  County  Wicklow  and  the  northern  (MtHrs. 

ports  of  Wexford.   They  succeeded  in  Hnding  fossils  in  nmny 

new  places,  and  have  thus  proviiletl  a  liioaik  r  and  more  relial>1e  luidClfcrk.) 

basis  for  working  out  the  structure  and  stratigraphy  of  this 

coiiipUcated  region.    The  oldest  strata,  to  whicn  we  propose 

to  continue  to  apply  the  term  Cambrian,  consist  of  massive 

quartzites  and  red  and  purple  shales.  It  is  these  shales  that 

have  long  been  known  to  yield  OWiamia.    The  more  recent 

researches  of  the  Geological  Survey  have  brought  to  lig^ht 

nnTncrous  branching  rod-like  stems  both  in  the  quartzite  scries 

and  in  the  ribband  slates  that  come  next  to  it.    These  were 

abundant  in  the  rocks  which  have  long  been  distinguished 

as  "Camhnan"  at  Sugar  Loaf  Mountain,  south  of  fiav,  in 

Bmjr  Head  railway^cutting,  and  near  Newcastle.     Oi  the 

specimens   from    Bray   Head   (Oldhamia  -  beds),  Professor  • 

Lapworth  remarked  that  they  are  "  imdoubtedly  of  or^'anic 

ori^^n."    Mr.  Newton  fonnd  among  the  s{)ecimens  from  Bray 

Point  railway-cutting,  mnrkinjj^.s  that  niny  have  been  made  by 

annelides ;  in  those  from  Little  Su^ar  Loaf  Mountain,  slender 

rods  (Nemaiolite8f)Aod  other  markmgs,  resemhling  graptolltcs, 

but  possibly  not  organic ;  in  those  from  Greystones,  other  small 

rods,  markings  like  burrows»and  some  which  might  possibly 

be  graptolites. 

It  thus  appears  that  in  the  quartzite  series,  though  it  has  been 
assigned  to  the  Cambrian  system,  not  a  single  distinctively 
Cambrian  fossil  has  yet  been  detected,  even  after  a  prolonged 
and  careful  scrutiny. 

The  next  stratigraphical  group  affords  uhk-Ii  more  satisfactory 
palsBontolo^cal  evidence  as  to  its  age,  which  is  now  detinitely 
ascertained  to  be  that  of  the  Arenig  division  of  the  Lower 
Silurian  formations.  It  consists  of  an  importimt  and  persistent 
set  of  slates  or  shales  which  has  been  namctl  the  "  Ribband 
Series."  It  is  on  the  whole  slistrply  marker!  off  from  the 
quartzite  series.  Sometimes  iht;  iwo  are  se|)a rated  by  a  lino 
of  fault  ;  in  other  places  they  have  been  much  cnishcd  together, 
so  that  it  becomes  difficult  to  draw  a  definite  line  between  them. 
There  is  no  evidence  that  they  are  separated  from  each  other  by 
any  stratigraphical  break.  The  Ribband  Series  received  its  name 
from  the  earlier  observers,  on  arcoimt  of  tlie  regularly  stri|K:d 
alternations;  of  darker  find  paler  layers  m  the  nioro 
urj^illaeeoiis  portions.  Its  prevailing  colour  is  grey,  but  butl', 
red,  and  purple  tints  sometimes  prcdonunatc.  It  has  been 
traced  by  MessbSw  Egan  and  McHbnry  over  wide  tracts  of 
Wicklow  and  Wexford,  being  clearly  distinguishable  by  its 
lithological  character  from  tlic  (juartzite  scries  on  the  one 
hand,  and  from  the  Llandeilo  and  Bala  rocks  on  tin  other. 
Though  on  the  whMe  Imrren  of  organie  remains,  it  has  f  uniislicd 
recognisable  Arenig  fossils  at  Rock  Litlle,  south  of  Arkluw ;  at 
Brean(^  Head,  south  of  Courtown,  and  at  Kiltrea,  four  miles 
west  ofEInniBcorthy. 
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(Memn.  '^^^  following  foflsih  from  the  Bibbftnd  Series  have  been  det«i*« 
K-  ui,        mined  by  Mr.  Newton  and  Mr.  Peach 

•Bd  Oa^)  Oldhamm  radiaia  (I)  (S  milaB  N.£.  of  Arklow). 

liri/oj/raptus  Kjeru^  or  CaUafm* 

DwMograptut, 

IHekograpiut  CI), 

l>  /  iffmograpttis  patului  or  latu»» 

Fkyllograptus  (f). 
Tttragraptus{\). 
Caryocari$  WrigkU. 
Acrotkele{Ty. 
Obolu*. 

Burrowi,  trae]c8»  stender  rods,  Ac. 

The  older  rocks  of  the  south-east  of  Ireland  have  undergone 
the  same  kind  of  crushing  and  deformation  which  has  been 

'  traced  through  the  similar  districts  further  north.  Besides 
abundant  plication  and  crumpling,  the  Ribband  Series  often 
presents  its  grit  h^mh  in  a  cunously  broken-up  condition, 
portions  of  grit  having  been  pushed  into  the  argillaceous  strata, 
so  as  to  produce  a  brecciated  appearance,  deceptively  like  that  of 
conglomerate ;  indeed  some  of  these  cruisfa-hreocias  have  actually 
been  described  as  conglomerates. 

Next  to  the  Ribband  Series  there  are  occasionally  found  certain 
black  slates,  which  have  yielded  graptolitcs  of  undoubtedly 
Llandeilo  age.  These  slates,  however,  only  make  their  appear- 
ance here  and  thore,  and  do  not  seeiu  to  cover  any  large  space 
of  surface.  They  may  be  seen  on  the  shore  to  the  north  of 
Courtown,  where" they  come  up  again  and  again  together  with  the 
Bala  limestone.  From  these  biacK  shales,  as  exposed  in  the  shore 
north  of  Courtown,  Mb.  Clark  has  collected  djemx/raptusffraeUiSt 
C.  pcrlennls,  LfpixH/raptas  jiaccidus,  Diphxjvn pf  Uf<  in  urranatus, 
l)icello*fniptu$,  Dirraiiogniptus  N ichohoni,D-  t'^i  tnosu^,  J>. :  ic-zac, 
and  CLi  niavoyru plua  pereuravatua — an  assemblage  of  organisms 
characteristic  of  the  Glenkiln  (Upper  Llandeilo)  sub-division  of 
the  Moffat  shales  in  the  Lower  Silurian  series  of  the  South  of 
Scotland.  He  has  also  obtamod  a  number  of  giaptolites  from 
the  railway-cutting  near  Rathdrum,  where  the  black  shales  are 
to  be  seen. 

Limestones  belonging  to  the  Bala  subdivision  of  tiie  Silurian 
system  have  long  been  lj;nown  Lu  occur  in  Wicklow  anil  VVextbrd, 
and  are  shown  upon  the  published  maps.  They  have  yielded  an 
abundant  and  characteristic  Bala  fauna.  No  evidence  of  Upper 
Silurian  strata  has  been  met  with  in  Wicklow  or  Wexford. 

In  the  course  of  the  revision  of  the  sedimentary  rorks  atten- 
tion has  Ijcon  paid  to  the  igneous  rocks  whicli  form  so  conspicuous 
a  feature  in  the  geolog}*  of  the  south-cast  of  Ireland.  According 
to  the  published  maps  two  bauds  of  thesis  rocks  traverse  the 
rc^on.  One  band  begins  a  little  south  of  Wicklow  and  stretches 
south-westward  beyond  Oroghan  Kinshela  ;  the  othor  and  more 
important  belt,  starting  from  Arklow  Head,  nms  for  nearly 
80  miles  a  cross  Wejtford  and  AVaterford  to  the  southern  coast 
near  Dungarvan.  These  long  iiiterrupte<l  strips  of  igneous 
material  Imve  beeu  represented  on  the  publisheu  maps  of  the 
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Gcolon^ical  Survey  as  consisting  partly  nf  intrusive  sheets  of  both  (Mwers. 

m  'ld  :\ud  basic  material,  and  partly  i>i  jntcrcalated  sheets  of  aeid 

lavaii  and  of  lufts  ("  folspathic  ash  "  and  "  grecnstoue  ash").  ^andClaj^*)* 

these  maps  were  published  from  40  to  60  years  ago,  and  as 

petrography  has  made  great  progiOBB  m  this  loDg  interval^  it  avuh 

only  to  be  looked  for  that  some  changes  would  be  required 

hotli  in  the  nomenclature  and  in  the  mapping  of  the  ijLmeous 

rrH'l^s.    Some  progress  has  been  made  in  this  revision,  though 

iii)L  enough  to  warrant  any  full  statement  of  the  alterations 

which  are  now  seen  to  be  required.   Enough  of  ground,  however, 

has  been  re-examined  to  confirm  the  suspicion  aroused  some 

years  ago  when  the  JDirector  Genekal  an  d  Dr.  H  ATCH  studied 

the  sections  laid  bare  in  the  AuLrlirini  Valley  above  Wooden 

Bridcfo  that  much  of  the  so-called  "  <,nvc'nst(nio        "  was  not 

really  of  frnginenUiry  or  pyroclastic  orii^in,  l)ut  (  (msiNiod  of  dykes 

and  sills  of  acid,  mtcrmediate,  or  basic  material  which  had 

acquired  a  lamiiiar  structure  as  the  result  of  severe  compression 

and  deformation.    As  far  as  the  revision  has  advanced  none  ot 

the  "  ashes "  have  proved  to  be  tufJs  at  all.     Every  example 

met  with  tlirou*diout  Countv  Wicklow  ha.s  liccn  found  to  b** 

only  a  crushed  variety  of  some  felsile  or  other  eruptive  rock, 

or  occiiiiionaily  felspathic  grits.     Some  of  these  "  gret;n.stuue 

ashes"  are  bands  of  hornblende-schist  representing  what  wui> 

onoe  basic  intrusive  material. 

Th(>  sheeUs  of  rock  delineated  on  the  map  as  long  bands  of 
interbedded  lava,  so  for  as  they  have  yet  oeen  studied,  have 
furnished  no  evidence  of  contemponnuMjns  outflow.  But  on  tlio 
contrary  numerous  proofs  have  been  nieL  with  of  actual  intrusion. 
It  is  too  soon  to  decide  thai  no  true  lavas  occur  in  the  more 
northerly  of  the  two  bands  of  igneous  material,  but  no  satisfac- 
tory proofe  of  their  presence  have  yet  been  encountered.  It 
would  certainly  seem  that  a  very  large  proportion  of  the 
"  felstones,"  "  quartziferous  porphynes,"  and  "greenstones  "  are 
reallv'  intrusive  bosses  ami  sills. 

That  true  v<  »leanic  rocks  ccur  in  the  southern  band,  however,  i.s 
beyond  doubt,  though  there  nia\  be  some  ditliculty  in  fixing  the 
stratigraphical  limits  of  the  volcanic  activity.  Some  of  the  best 
sections  of  these  rocks  have  been  laid  bare  by  the  sea  on  the 
coast  north  of  Courtown  in  County  Wexford.  There  some  tine 
clitTs  of  coarse  atjji^lomerate  and  tine  bedded  tutis  form  part  of  a 
long  sticctssion  of  sea-precipices  in  which  the  extnuinliiiarv 
complication  of  the  <jfeologiciil  structure  of  this  part  of  Ireland 
is  well  displayed.  The  relations  of  the  volcanic  rocks  to  the 
ordinary  seoimentaiy  strata  are  often  much  obscured  by  crushing 
and  faulting.  That  the  tuffe  are  later  than  the  Llancfeilo  series 
is  shown  by  the  occurrence  of  pieces  of  the  characteristic  black 
shales  in  tfiem.  That  tltey  am  also  later  than  sonic  pari  of  this 
Bala  cfroup  is  indicated  by  their  includiuLT  picfis  of  the  fossilifcrous 
Bala  limestone.  A  little  north  of  Duth  arriek  Uoeks  a  bed  of 
conglomerate  dips  away  from  the  Bala  limestone,  of  which  it 
contains  abundant  fra^ents.  The  conglomerate  passes  upwards 
into  fine  tui&,  folbwed  again  by  the  Bak  limestone  and  shales 
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(Messn.      and  by  more  tuffs.   This  complicated  section  has  not  yei  beeil 

K},'an,         thorouj^lily  unravelled,  but  it  seems  to  indicate  that  volcanic 
andCtwk.)    discharj^es  took  place  during-  a  pjirt  of  the  Hiil.i  |»<^rind,  accom- 
panied perhaps  by  local  dislurbauco  and  uoii^io^uoiit  uncou- 
tormabiliiy. 

The  iLfueous  rocks  are  nuvv  Imnyf  studied  |M't  ro^^raphirallv  by 
Mk.  H.  J.  Seymour,  and  bis  determinations»  will  gieiitly  md  tbo 
colouring  of  the  revised  edition  of  the  maps.  An  account  of  his 
rosoarches  among  these  rocks  will  be  given  in  a  subsequent 
SiimtMtry  of  Pntgresa. 


Central  and  Southern  Ireland* 


The  revision  of  the  Silurian  rucks  of  Ireland  was  last  year 
carried  by  Mr.  Kilroe  through  the  counties  of  Tipperaiy, 
Limerick,  Cork,  Kilkenny,  ami  \Vaterford.  In  portions  of  the 
ground  he  was  preceded  by  Mr.  Clark,  who  searched  the  rocks 

for  pjdieontoln<rical  material  to  aid  in  determining  their  strati 
ffinphical  position.  Mr,  Kilroe,  throughout  the  area  exammed, 
lias  ibund  the  strata  to  consist  for  the  most  part  oi  dark  grey  and 
blue  niudstones,  with  intercalated  bands  ot  dark  grev,  blue,  and 
greenbh  grits.  They  usually  dip  at  a  high  angle,  and  frequently 
show  contortion  and  folding ;  so  that  beds  and  groups  of  hem 
are  probably  repeated.  Cleavage  is  more  or  less  perceptible 
throughout  the  scvt  ral  iidiers,  and  is  very  fully  developed  in  the 
rocks  of  the  more  southerly  areas.  The  cleavage  faces  in  certain 
places  show  a  soricitic  jjlaze. 

Keeper  Hill  The  rocks  of  the  Kec[H)r  Hill  district,  which  are  the  continua- 
a^^^KUroe.)  ^^^'^  southward  of  those  which  form  the  Devil's  Bit  Hills,  are 
chiefly  of  Llandovery  age,  though  some  representing  a  higher 
horiiion  also  occur,  as  is  ti  e  use  further  north.  A  wide  zone 
stretching  south*westward  from  Upper  Church  by  Holyford  has 
yielded  an  abtnulanre  of  fossils  at  various  places.  The  specimens 
nanied  by  Mr.  Nev\ton  include  Movoyraptua  prioaon  var. 
FUmingii,  M.  cvlonua,  M.  inter itiedius{l^,  M.  apiralis  (?),  Cyrto- 
graptus  ka7natU8,  C,  Oamttkersi,  A  ihyris  Off  (^lamia,  Crinoids. 

As  Monoyraptus  colonus  and  M.  intermedius  &ie  characteristic 
of  Wenlodc  and  Ludlow  rocks,  CyHograptus  of  Wenlock,  and 
Monograptus  priodon  of  Wenlock  and  Tarannon,  it  would  seem 
that  rocks  as  young  as  Wenlock  exist  in  this  zone.  The 

graptolites  nhnost  universally  occur  in  thin  Hatrj^v^  seams,  and 
hiyers  of  tissile  grit,  which  weather  brown  and  display  flattened 
carbonaceous  markiners  on  their  bedding-planes.  These  peculiar 
seanis  seldom  make  their  appearance  in  tne  grits  and  mudstones 
outside  the  fossiliferous  zone  abo7e  referred  to,  and  those  bearing 
fossils  are  of  still  rarer  occurrence.  Accordingly  fossil  localities 
are  sparingly  distributed  over  the  larq-e  area  cxtendintj  westward 
froTu  the  edijc  of  Sheet  144  to  the  Old  Red  Sand.stone  Iwundary. 
Al  the  northern  ni:ir<,nn  of  the  same  Sheet,  due  sotUh  of  Keeper 
Hill,  fossil- bearing  strata  were  met  with,  similar  to  those  near 


X 

Digrtized  by  Google 


8ILUBIAN« 


61 


Holy  ford  (Sheet  145);  an  airan^ment  which  may  Txssihly  j^^p^  hjjI 
indicaitj  that  a  synclinal  trough  of  W  enlock  rocks  exists  tiiere.  Dirtrio*. 

An  outcrop  of  limestone,  the  only  one  met  with  in  the  entire 
Devil's  Bit  and  Keeper  Hill  region,  ^vl^s  observ^ed  in  the  Clare 
River  bed,  near  the  Old  Red  Sandstone  boundary,  south  of 
Castle  Waller  (Sheet  144).  The  outcrop,  wliidi  probalily  eoineides 
witlx  the  summit  of  a  sliiirp  anticline,  may  be  one  of  Bala 
rocks,  though  unfortunately  no  fossils  were  found  to  establish 
the  horizon  of  the  strata. 

The  rocks  in  the  southern  part  of  the  €hiltymore  area  Galty  more 
are  so  highly  deayed  tliit  if  fossils  ori^nally  existed  in  them 
they  must  now  with  dithoulty  be  obtauiablc.  Some,  however,  *  ^^-f 
have  been  found  bv  Mn.  Clark  in  the  disused  slate  (luarry 
near  Darrag'h  Hridije  (Sheet  ir!5).  In  the  northern  portion 
of  the  district  numerous  specimens  of  graptolites  wure  found 
in  the  townland  of  Ballynamuddagh,  on  the  north  flank  of 
Temple  Hill  (Sheet  165);  and  in  Lyie  (Sheet  154)  along  the 
stream  which  forms  the  count v  boundary,  north  of  Slieve(  nsbna- 
binnia.  All  the  specimens  t  (  Ileeted  have  been  ftRsipfne<l  by  Mu. 
Newton  to  Movoffvaptus  rLccartoiieiisiSt  and  may  indicate  rocks 
of  Llandovery  (Gala)  age.* 

An  interesting  curcumstance  which  tends  to  establish  the 
cozrelation  of  these  rocks  with  the  Upper  Silurian  series  of 
southern  Scotland,  is  the  occurrence  in  them  of  a  fossil  which 
bears  a  close  roseniblance  to,  if  not  identity  mih,  Protin  irifuluria 
(M'Cov).  Several  specimens  of  the  fossd  were  found  at  a  point 
about  300  yards  south  by  west  of  Knockaucbraek  Bridge,  three 
miles  east  of  Gal  bally  (Sheet  154). 

It  is  heliered  that  all  the  older  Palteozoic  rocks  under  notice, 
in  this  tract  and  in  the  narrow  stripi  on  the  north  flank  of 
SUevenamuck,  are  of  Upper  Silurian  age,  no  evidence,  lithological 
or  r>!  her  wise,  havinp^  be«n  noticed  for  the  existence  of  Iiower 
Silurian  rocks  in  eitVier  area. 

The  area  of  Slievenaman,  which  lies  to  the  north  of  Carrick-  SUevenaman 
on-Suir,  contains  a  preponderance  of  slates,  which,  with  the  grits  'w**^"^',^^; 
that  acconjpany  them,  are  identical  in  character  with  those  of  *    '  '^""**' 
the  Mitchelstown  tract;  where,  on  the  other  hand,  grits  pre- 
dominate.    Several  slate  quarries  have  been  worked  in  the 
repon  due  north  of  Carrick  (Sheet  1  ()'!)  and  south  of  Windgap 
(Sheet  156);  and  slates  are  still  obtained  and  manufactured  at 
the  Victoria  and  Ormonde  t^uarrie.s  in  lliat  region.    From  the 
preyalenoe  and  perfection  of  the  cleavage,  which  roost  usually 
crosses  the  hedding,  it  might  appear  unlikely  that  fossils  should 
be  found  in  the  tract;  nevertheless  some  organic  forms  have  been 
discovered,  both    at  the  disused  (pifirries  north  and  east  of 
Carrigadoon  Hill,  and  at   the  Victoria   Qnarrics   beside  the 
Lingaun  River,  due  north  of  Tinnakilly.    The  speeunens  that  lie 
upon  the  cleavage  faces  consist  of  various  branching  fucoids 

*  It  should  be  noted,  however,  that  in  the  Soutli  <>f  S<;otlan<l  ^fn,/fMfrfnt- 
fvft  rirmrfonensig  occurs  Iwth  in  tlie  Gala  group  (Tarannon)  and  in  the 
Weulock  rocks  of  Riccarton,  from  which  it  takes  its  8^>ccific  name,  aiul 
that  it  is  most  oommon  in  the  latter  strata. 
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SlievenamMi  Oocasionally  thoy  lie  ftGroas  linM  whioh  murk  the  originat 

^Mr  ^iiroc   ^^^^^^"^f^  mudstona   Graptolile-like  impressions  were  also 

(.  r,  iroc.)  f^jjj^^j  which  show  a  serrated  edge  on  one  side,  the  otlier  side 
being  plain  like  th(3  stem  of  a  single  grantolite.  The  impressions 
are  all  much  tiatteneil,  broad*  ned,  ana  It  iigthen^Hl.  sometimes 
waveil  antl  distorted.  Mr.  NtJwLou  says  of  them  :  "  The  specimens 
are  interesting,  as  showing  what  cleavage  may  do,  but  they  are  a 
puzzle.  The  most  perfect  of  them  look  Uke  graptolit^^s,  and  may 
possibly  be  the  much  altered  remains  of  suoh  organisms ;  but 
othor  examples  suggest  thnt  they  are  altogether  due  to  cleavage 
and  are  not  (irgnnic  "  Tiu  sf  s|>ecimens  were  also  seen  by  Prof. 
Lap  worth,  wlio  formed  a  similar  opinion  in  regard  to  them.  It  is 
dimciilt  to  conceive  how  such  striking  impressions  could  resiUt, 
with  more  or  less  uniformity  of  shape  and  outline,  from  the  mere 
mechanical  r(%arrangoment  of  particles  in  a  liomogeneons  rock. 
They  are  sufticiently  rare  to  accord  with  the  supposition  that 
they  represent  linear  fossils  cntight  pfThaps  along  the  jnm'tions 
of  cleavage-  and  bedding-pianea  They  are  nuinermis  enough, 
however,  to  have  attracted  the  attention  of  Mr.  Hughes,  the 
well-informed  manager  of  the  Victoria  Quarries,  who  has  made  a 
considerable  collection  of  them  Spe(  imens  w  ere  presenteil  to 
the  Survey  many  years  ago  by  Mr.  Biuld,  of  Waterfonl,  and  were 
placed  in  the  Museum  as  Qraptolithvs  Miavngeri  by  the  late 
W.  11.  Baily. 

Glenpatrick  Immediately  south  of  T'lrnek-on-Suir,  the  district  of  Glen- 
v|'^*^*^  patrick  and  t'ortlaw  displays  dark  grey  slate  alturiiatinir  with 

iMr  kiiroe.)  ""pt^rtant  bands  of  grit.  The  latter  are  usually  ferruginous, 
weather  brown,  and  are  barren  of  organic  remains.  The  slate, 
which  is  well  exposed  in  Glenpatrick,  was  formerly  extensively 
quarried  there,  at  a  point  seven  miles  west  by  south  of  Carrick- 
on-Suir.  Tt  was  found  hv  the  Snr\-py  Collector,  Mr.  Clark,  to 
contain  impressions  similar  to  those  found  in  the  slate  north  of 
Carrie  k.  Indistinct  organic  forms  were  also  found  in  the  slate 
at  Clonea  and  near  Rathgormuck. 

The  fucoid  remains  and  Braptolite-like  impressioiLS  here 
referred  to  constitute  the  only  fossil  evidence  yet  obtained  upon 
which  a  conclusion  as  to  the  age  of  the  Silurian  rocks  north  and 
south  of  Carrick  can  be  Imsed.  If  the  impressions  were  really 
tho.se  of  siir^'le  <xra])tolires  they  wotdd  sup])ort  (be  belief entertJiined 
on  litliolou,nr;il  Lcrounds  that  the  rocks  as  fir  south  as  Croughaun 
Hill"tht!  .southern  limit  of  the  area  Mr.  Kilkoe  has  examined — 
are  of  Uppt^r  Silurian  a^c.  The  rocks  are  identieal  in  general 
chara<?tor  with  those  of  the  Mitehelstown  and  Keeper  Hill  tracts, 
where  Cpju'r  Silurian  fossils  abundantly  oeenr.  No  fossil 
eviflence  has  been  found  for  the  introduction  of  any  Lower 
Silurian  colour  on  the  maps  of  these  trafts.  Finally,  the  strata 
de<  i(l('(ily  dirter  in  lit liolo<^rir;il  character  from  those  containing 
Lower  Silurian  fossils  at  Traniurc. 

It  may  be  added  that  the  slate  in  all  the  regions  now 
reviewed  is  identical  in  character  with  that  of  the  Slieve 
Bemagh  tract,  and  of  Slieve  Arm  on  the  opposite  side  of  Lough 
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Detg.  This  dmilAritj  has  been  pointed  out  by  Mr  Kinahan,  ciennatrick 
{Geology  of  Irelamd,  pp.  28  to  33).  and  Portlaw 

The  coarse  grit  and  fine  conglomerate  bands  of  the  Slieve  Jjjj.^'i^y^ ) 
Bema^h  and  Arm  traots  have  tlicir  counterparts  in  beds 
have  been  represented  as '*  ash,"  north  of  Carrick-on-Siur.  The 
material  these  beds  consist  of  is  a  mixture  of  large  and  small 
erains  of  quartz,  with  some  of  felsite,  chert  (?),  and  fragments  of 
blade,  grey,  and  greenish  slate,  similar  to  specimens  wat  haye 
been  obtamcd  from  the  Silurian  area  of  West  Wicklow  and  East 
Kildarc,  to  which  reference  will  be  made  a  little  further  on. 

Since  his  appointment  in  April  last,  Mr.  Henry  J.  Seymot^r  retropmphy 
has  been  (jnjxao^cd  in  arranging?,  reijistering,  and  cataloLcning  the  ^rlBh 
collection  ot  microscopic  slides  oi  insli  rucks  in  the  Olhce  of  the  ?^jJ.k"*"(Mr 
Survey  in  Dublin,  which  now  number  2,181.   He  has  had  162  Seymour.) 
new  slides  prepiuredp  chiefly  of  Sihirian  igneous  ro(  ks,  and  has 
supplied  the  field-surveyois  witii  determinations  of  the  rocks  for 
the  ppiidanre  of  the  mapping.    The  specimens  which  he  has 
studied  and  reported  on  were  collected  mainly  Irom  three  dis- 
tricts— near  Slane  in  Co.  Meath,  in  Co.  Cavan,  and  in  the 
counties  of  Wicklow  and  Wexford. 

Petrographically,  the  specimens  examined  from  the  Slane  area 
are  divisible  into  volcanic  tufib  or  breccias  and  intrusive  igneous 
rocks.  The  first  are  of  medium  coarseness,  and  the  rock- 
fragments  composing  them  are  mainly  andesites  This  material 
is  usually  finely  crystalline  in  texture,  and  is  tVi  juently  associated 
with  lapilli  of  a  scoriaccous  glass,  no  doubt  oi  similar  chemical 
composition.  When,  as  is  frequently  the  case,  fragments  of  both 
these  varieties  occur  in  the  same  rock-specimen,  it  appears  in 
section  remarkably  similar  to  the  volcamc  tuff  of  Hyssington, 
Shrnpsbiro.  Fclsitic  irifbisions  are  not  Tmcommon,  and  tnese 
often  exhibit  perlitic  structure  (1.  1  'J^  M.  The  ejected  plagioclases 
are  mostly  andesine.  The  occurrf^ni  t  uf  rolled  fragments,  and,  in 
one  case,  of  fossils,  points  to  the  deposition  of  th^e  clastic 
materials  in  water,  together  with  the  ordinary  fragmental  rocks 
of  this  area.  One  of  the  specimens  examined  contains  anatase. 
The  rock  in  which  this  mineral  occurs  is  much  decomposed,  and 
is  made  up  of  clear  quartz  grains,  and  a  greenish  material 
which  appf'ars  to  rejjresent  altered  andcsite.  The  anatase 
crystals,  which  are  very  numerous,  occur  in  the  quartz ;  they  are 
al)out0<)3mm.  in  size,  show  the  characteristic  crystalline  forms, 
and  are  pale  brownish  yellow  in  colour. 

All  the  tuffs  have  suffered  from  weathering,  and  secondary 
calcite  and  chlorite  are  m()ro  or  less  extensively  developed  in 
them.  The  presence  of  vesicular  fraguietits  .ifTords  evidence  that 
st>me  of  the  rocks  have  not  undergone  ixtrenie  comprt\ssion. 
Certain  specimens  from  the  district,  however,  have  been  foliated 
by  pressure.  A  peculiar  type  of  silicified  limestone  (1,625  and 
1,627)  oeeiirs  near  Slane,  in  which  the  silica  is  present  in  perfectly 
developed  acicular  quartz  crystals. 

The  eruptive  rocks  examined  are  mainly  altered  basic  varieties. 
They  incfiide  examples  of  andesites,  sometimes  porphyritic, 
dolerites,  and  basalts  with  olivine ;  this  mineral,  however,  being 
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PetTOffraphy  entirely  represented  by  peudomorphs.  Aii^te  is  the  chiel  ferro- 
Siiw^  magpesian  constituont,  but  horablondo  and  biotite  also  occur ;  the 
rocks.  (Mr.  plagioclase  vnrios  fron)  and  sino  to  labradorite.    A  kersantite 

Seymour.)     occurs  near  CrniL:  Uaron  Hill,  and  an  aup'te-syenite  at  Dunmore. 

Tho  ror  ks  (  (lUtM-tcd  from  Cavan  (Sheet  09)  linvr  h<H*n  mapped 
and  (Icsri-ilu'tl  lis  tflspalhic  ashes  and  lou«(h  flaky  hreccias. 
Microsc'opii'^il  examination  shows  that  this  duiurniination  is 
corroct.  Thoy  arc  mainly  schistose  £ragmental  rocks  of  basic 
composition,  and  usually  much  altered.  Lump  of  andesite 
(diaV)ase)  and  basjilt,  sometimes  of  considerable  size,  occur  in  a 
l»nsc  of  Hner  niatri  ial,  tu>w  eomposcd  of  chlorite,  cjilcitc,  and  iron 
ores.  Sometimes  the  larger  inclusions  show  evidence  of  erushinjj. 
but  in  other  cases  are  apparently  unaitVecled,  Sciittered  iuigites 
and  plagioclases  are  gencDilly  present  in  the  ground-mass. 

In  the  Silurian  area  which  ues  to  the  west  of  the  great  ridge 
of  the  Leinster  gramte,  and  is  comprised  in  the  one-inch  Sheets 
120  and  12?),  a  number  of  outcrops  of  "Greenstone  ash"  are 
noted  on  tlie  published  maps.  As  in  theWieklow  reckon  nlrcadv 
referred  to,  none  of  these  "  ashes  "  have  on  recent  •  xamination 
been  found  to  bo  tutis.  Specimens  representative  of  a  limited 
number  of  them  were  sliced  and  examined,  and  proved  to  be  of 
two  iy\Mi^,  foliated  griU  and  kornMmde  sehigts.  So  &r  as  an 
opinion  may  be  formed  from  the  topographical  position  on  the 
map,  of  the  speeimens  collected,  each  type  seems  to  occupy  a 
distinct  area,  tlic  hornblende-schist  oeetirnng  only  within  a  zone 
about  a  mile  in  width  next  the  granite,  while  the  grits  appear 
exclusively  outside  that  zone. 

The  foliated  igneous  rocks  are  of  the  usual  type  of  hornblende- 
schists;  they  often  contain  biotite,  which  in  some  cases  at  least,  is 
a  product  of  the  alteration  of  the  1  hornblende.  The  latter  has 
also  been  altered  into  epidote,  indeed  aluiost  ever}'  slice  examined 
contained  this  mineral  to  a  greater  or  less  extent.  Sphene  is 
often  present  in  well  developed  crystals.  These  rocKs  were 
possibly  pvroxenic  varieties  m  their  original  eondition.  The 
foliated  gnts  vary  considerably  in  texture,  and  apj>ear  to  mark 
coarser  layers  in  the  Silurian  sediments.  They  have  shaied  in 
the  general  crumpling  which  the  rocks  of  the  district  have  under- 
gone, and  have  thus  ac(piir(  d  a  s^-histose  stnieture.  Tender  the 
microscope,  they  are  stHjn  to  l>e  mainly  comjKised  of  (juartz  and 
shaly  particles.  Occasionally  small  pieces  oi  andcsitic  lavius  and 
plagioclasc  crystals  are  present  in  them. 


Upper  SUuiian  roeks  of  Central  Scotland* 

LanarksliirR  Further  research  has  been  carried  on  among  the  Upper 
^jyj'^j^j'^"^"^*^  Silurian  rocks  of  Scotland,  from  which  so  remarkable  a  series  of 
I'cach.)  *  organic  remains  was  annoum^ed  in  the  SvmnmTy  of  Proff  rrsn  for 
1897.  When  making  a  preliminary  examination  of  the  fo.ssils 
gathered  during  last  year  from  the  Ludlow  and  I  )owntonian  rocks 
of  Lanarkshire  and  Ayrshire,  prepamtory  to  distributinpr  them 
among  specialists  for  examination  and  description,  Mr.  Peach 
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observed  two  more  specimens  of  the  remains  of  niyriapods  allied  Lanarksliire 
to  KamijecarU  and  ArehidemMit.   The  form  referrea  to  in  last  ^^'^  ^.^'^^^^^ 
Swrnitutry  of  Progress  as  bemg  the  first  recorded  instance  of  a  pj^i,.j  • 
Silurian  air-^>reatncr  of  this  class  is  therefore  no  longer  miiqua 


It  has  been  studied  by  Mk.  Peach  during  the  ]>ast  year,  and 
described  to  the  Royal  Physical  Society  of  Edinburgh  under  the 
name  of  Archidesmus  loyanensis.  The  genera  Knmpcnn'is 
(Pa^e)  and  Archide»mu8  (Peach)  were  made  to  admit  two  species 
of  smiply  constructed  millipedes  from  the  Lower  Old  Red  Sand- 
stone of  Forfarshire,  in  which  the  body  segments  were  all  single. 
In  virtue  of  this  peculiarity  they  have  been  elevated  by  Dr. 
Samuel  ScrDDEU  into  family  rank  under  the  name  of  the 
Archidesmidic.  All  the  new  forms  apj^ear  to  Ijelong  to  tliis 
family,  and  thouijh  A.  logaiietisis  seems  to  dift'er  widely  from 
A.  MitcNicdi — the  Lower  Old  Red  Sandstone  form— it  has  been 
provisionally  placed  in  the  same  genus  with  it. 

As  was  announced  in  the  last  BurnvMiry  of  Proffirss,  the  tishes  ^^^"."i^^^ 
foimd  in  the  Upper  vSilurian  formations  nave  been  handed  t)ver  (^Tmqn^) 
to  Dr.  Traquaih,  who  supplies  the  following  note  on  the  new 
forms  discovered  during  the  past  year : — 

"Among  the  additional  specimens  of  Silurian  (Downitonian)  Fislics 
collected  by  Mk.  Tait  in  the  l^inahagow  district,  I  have  found  a  .s}>ct  imeu 
from  Seggiehotm  which  throws  light  on  some  undeterminabto  fragments 
alluded  to  in  niy  notes  of  1897.  It  is  the  tyjK)  of  a  new  genus  and  sjjecies 
to  which  1  have  given  the  name  Atdtiuins  tesiellutOj  aud  although  la  iU» 
UmML  it  displays  an  affinity  with  tiie  CcBiolepidie,  a  new  family  Ateleaspidn 
must  be  erected  for  its  reception. 

**  Among  the  detached  aad  isolated  fish-scales  and  plates  collected  by 
Tait  from  the  Downtonian  rocks  of  the  Pmtlana  Hills,  remains  of 
Ateleaspis  Ussellata,  Traq.,  Birkenia  elegans,  Tra<i.,  and  Lamnivs 
problertiaticun,  Traq.,  may  be  recognised,  but  in  no  case  has  anything  Hke 
an  entire  fish,  or  portion  of  a  fish,  occurred  in  that  locality." 

Several  good  specimens  of  a  new  species  of  En  rt//>ft'rus  ot"  the  Silurian 
type  of  E.  scorpioides,  Woodw.,  were  collected  histvear  from  Ji}'^  tf^'^u^ 
the  Downtonian  rocks  of  Ayrshire  and  Lanarkshire.  This  species  ^  *' 
was  doubtfully  referred  to  Mr.  Laurie's  genus  Dn  pa  nopterus  in 
the  Summary  of  Prof/resa  for  1897  (p.  85)  as  it  is  ornamented 
with  a  sculpture  similar  to  that  seen  in  this  ^enus;  but  the 
more  complet i;  specimens  since  obtained  cleiir  up  this  point.  Tlio 
specimens  have  been  handed  to  Mr.  Lathie  for  description, 
together  with  some  other  new  forms  ui  the  Sm'vey  Collection, 
found  in  the  Upper  Silurian  and  Lower  Old  Red  Sandstone 
strata.  The  Downtonian  rocks  have  also  yielded  several  speci- 
mens of  a  curioiLs  chain  of  di.sc-like  bodies,  connected  in  sMtne 
instances  l)v  a  slender  thread  of  th*!  same  substance  as  tlu-  discs, 
much  like  a  string  of  flattened  Ixjads.  As  a  rule  these  discs  are 
represented  by  a  riLsty  ochreous  decomposed  materia],  but  one  or 
two  specimens  show  a  structure  suggestive  of  a  sjxjiige.  Accord- 
ingly a  collection  of  about  40  specimens  was  forwarded  to 
Dr.  G.  J.  HiNDE,  ^v'ho  observes  r^;arding  them : — "  The  markings 
on  some  resemble  verv  closely  sponge  spicules,  and  in  a  general 
way  one  would  have  little  doubt  in  regarding  them  as  sponges." 
•«   .   .   •     "  But  while  these  spiciUar  markings  may  be  accepted 
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Silurian       as  indicating  tho  sponge  diameter  of  these  bodies  there  are  flO 
Eurypterids.  detiuite  spicular  forms  shown  to  give  a  cluu  to  their  relation- 
IMr.  r«Mti.)  gi^jpg^t.  .......  Only  on  the  forms  quoted  above  are 

spicular  impressions  pr&served.  In  r^;ard  to  the  other  specimens 
forming  the  large  majority  of  those  s(  nt,  only  the  outlines  m 
formless  rusty  Tnatorial  arc  shown,  and  whilst  these  are  very 
distinct,  there  aro  no  tracos  of  spicules  to  ho  found,  and  thus  it  is 
a  dirticult  thing  to  determine  whether  they  are  related  to  the  few 
forms  with  the  spicular  markings  which  might  he  provisionally 
placed  with  the  sponges.  I  do  not  think  there  is  anything 
very  improbable  about  these  connected  lobes  bein^  sponges;  the 
form  is  unusual,  but  there  fim  instances  where  smgle  rounded 
forms  occur  as  fossil  (e.g.  FhomnvsrlJa  m'ata,  Brit.  Foss.  Spon<nres, 
Pal.  Soc,  1887,  PI.  III.,  Fig.  2)  in  much  the  same  condition  of 
preservation,  only  showing  the  spicules.  But  until  one  could 
obtain  further  evidence  I  should  hesitate  to  describe  tbem 
positively  as  snonges."  Until  the  nature  of  these  bodies  has  been 
more  definitely  ascertained  they  may  be  provisionally  placed 
among  the  sponges,  to  which  at  present  they  appear  to  show 
most  atlinity. 


Old  Red  Sakdstone. 

Caithness. 

The  rield-work  of  the  Survey  has  In^cn  carried  on  during  the 
last  season  in  three  of  the  great  basins,  in  which  the  older 
portion  of  the  Old  Red  Sandstone  of  Scotknd  was  deposited, 
in  the  most  northerly  of  these,  that  which  embraces  the  county 
(Mr.Ftoeoek.)  of  Caithness,  Mr.  Pocock  continued  the  mapping  to  which 
reference  was  made  in  the  Siunmary  of  Pnx/ress  for  181)7.  He 
traced  the  Old  Red  Sandstone  of  the  eonspit  uous  group  of  tho 
Morven  Hills  and  found  it  to  cover  tho  wliole  area  between  tho 
quartzite  of  the  Scarabin  range  and  the  detached  quartzite  niuss 
of  Con  na  Craigie,  not  as  an  outlier,  which  it  has  been  supposed 
to  be,  but  as  a  continuation  of  the  main  mass  of  the  formation 
lying  to  the  east.  It  lies,  as  is  well-known,  with  a  complete 
unconformabilifv  on  the  crystalline  schists  and  granites  of  the 
region.  Its  limits,  whicli  were  traced  last  year  in  the  neighbour- 
hood of  Glut  Lodge,  have  Ijeen  toilowed  eastwards  lor  a  oistauce 
of  over  four  miles  aloni'  the  north  side  of  the  Dunbeath  Water, 
after  which  the  boundary-line  swings  back  to  the  west,  crosses 
the  watershed  into  the  Berriedale  valley  and  runs  as  far  as  the 
foot  of  the  Small  Mount  west  of  Morven.  Tlie  general  features 
of  the  basement-beds  described  in  t  he  Director-General's  Memoir, 
(Trrins.  Roy.  Soc.  Ed'ni.,  vol.  xxviii,  1878,  p.  375,  <  f  )  hRve 
been  veritied  in  the  Braemore  area.  The  following  sub-iiivi.-.ion;> 
in  descending  order  have  been  mapped : — 

2.  Morven  oongloraerate,  consisting  of  unstnitified  conglomerate  or  breccia 

pas-siii}?  up  into  stratifieil  pebble-lxids  ;  450  feet  to  the  top  of  Morven. 

1.  Hraemoro  ^roup,  coii.'*isting  of  red  and  grey  HagstoneH,  red  .sandstones 
and  .'diales  pa^^smg  up  into  arko:ieii  and  pebbly  grits  with  coarHC  breccias  ^ 
locally  900  feet. 
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The  lowest  beds  of  tlie  series  are  well  exposed  in  the  river  (Mr.  Foooek.) 
s«X'tion  near  Braemorc  T.(>d<j^o.  Xo  basal  breccia  is  seen  at  tliis 
point,  the  lowest  beds  visible  bein^^  red  Hjii^u^y  sandst^_"»nes  witli 
intercalated  arkoses  mainly  composed  of  pink  orthoclase  derived 
from  tho  oTthoclas&^neifls  which  has  been  described  in  the 
account  of  the  crvstamne  schists  of  this  area.  Not  &r  from  the 
base,  beds  of  dark  grey  calcareous  flat^tone,  similar  to  t  he  flag- 
stones of  Eastern  Caithness,  have  yieklcd  fossils  rcirJirdod  by  Mr. 
Peach  as  plant-roTuains.  These  beds  are  only  tnu'eahlc  for  a 
short  distance,  and  rapidly  give  way  to  a  local  quartzite- 
breccia  formed  round  the  quartzite  mass  of  Con  na  Craigie.  But 

fre^  slialy  flagstones  of  similar  type  and  probably  on  the  same 
onzon  are  found  under  the  arkoses  and  conglomerates  of  Ben 
Bhreac  on   the  north  side  of  tho  Dunbeath  Water.  Tlie 
occurrence  of  local  breccias  is  nn  iiitcn'^ting  feature  in  the 
Bnieniore  group.    They  are  c  >ni]> 'scd  almost  exclusively  of 
angular  fragments  of  the  rocks  uumediately  underlying  them, 
contain  little  or  no  matrix,  and  ooemr  wherever  a  hammock  of 
the  older  rocks  stands  up  through  the  basal  sandstones  of  tho 
gioupL   They  are  themselves  covered  by  higher  beds  of  red  sand- 
stone and  slmle.    Thoy  point  to  a  time  when  the  waters  of  the 
northern  basin  of  Old  Bed  Sandstone,  to  which  tho  name  of 
"  Lake  Orcadie "  has  been  given,  extended  in  a  long  bay  full  of 
rocky  islets  from  the  region  of  Dunbeath  to  where  the  Morven 
Hills  now  stand,  while  we  low  watershed  on  the  north  stretched 
eastwards  as  a  tongue  of  land  sepaiatinflr  the  Morven  bay  from 
another  inlet  in  the  Dunbeath  valley.    The  disint^ration  of  the 
rocks  under  atmospheric  agencies  gave  rise  to  coarse  screes, 
which  were  buried  in  sifu  as  the  waters  of  tho  lake  rose  above 
them.    Subsequently,  during  the  deposition  of  the  higher  ^jarts 
of  the  Braemore  group,  the  land  must  have  sunk  so  as  to 
submerge  the  watershed  on  the  north  side  of  the  Berriedale 
valley  to  a  depth  of  many  hundred  feet.    The  breccias  occur  at 
s<'v<'r;il  different  horizons,  and  as  noticed  in  the  Director-Genoral's 
iUenioir,  change  rapidly  according  to  the  nature  of  the  under- 
lying rock.    The  quurlzite  breccia  on  the  col  between  Morven 
and  the  Small  Mount  proves  to  be  a  local  base  about  500  feet 
above  the  bottom  beds  of  the  Braemore  group.    The  upper  parts 
of  this  group  form  the  lower  slopes  of  the  Morven  range.  They 
consist  of  strata  coarser  in  grain  and  more  pebbly  than  the  lower 
parts,  whilst  interc^ilations  of  dark  coloured  grits  and  arkoses 
with  pebbles  of  ^^ranitu,  gneiss,  and  quartz,  frequently  occur  in 
them.    These  pebbly  beds  are  more  conspicuous  on  Morven  than 
on  Smean  and  Maiden  Pap,  indicating  that  the  shore-line  probably 
]&y  to  the  west.   The  Morven  conglomerate  forms  three  outliers 
rising  into  prominent  crags  on  Morven,  Smean,  and  Maiden  Pap. 
It  is  also  seen  on  the  north  side  of  the  Berriedale  water  and 
awin  on  tlie  top  of  the  bills  to  the  east  of  Glut  Lodge.    It  is 
made  up  of  boulders,  ruiaidcd  and  subangular,  lying  at  ditlerent 
aisles,  crowded  together  ui  a  sandy  matrix,  which  here  and 
there  contains  a  good  deal  of  pink  orthoclase.    The  boulders  are 
itemed  from  the  granites  and  crystalline  schiats  of  the  district, 
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(Mr.PMook.)  And  in  addiiiun  a  tew  rod  sandstone  blocks  occur.  At  tho  top 
of  Morven  and  Smean  the  conglomerate  passes  up  into  weU 
stratified  pebble-beds,  the  pebbles  being  only  one  or  two  inches 

in  diameter  and  well  rounded.  They  consist  of  the  same 
materials  as  those  in  tho  boulder-bed  below. 

The  Old  Red  Sandstone  of  tliis  district  is  far  more  disturbed 
than  that  of  eastern  Caithness,  liicliuations  jis  great  as  50^  are 
common  among  tho  sandstone.s  of  the  Braemoro  group.  But 
though  the  hi^er  beds  are  less  disturbed  than  the  lower,  no 
break  in  the  succession  of  strata  has  been  detected. 


BotB-shixe. 

(Bfr.  Peaoh.)  Further  south,  in  tho  county  of  Boss,  additional  tracts  of  iho 
same  nt^them  basin  of  Old  Red  Sandstone  were  mapped  by 
Messrs.  Peach,  Horne,  and  Hinxm.4N.  Mr.  Peach's  area  was  a 
comparatively  small  one  in  the  district  of  tho  Black  Isle,  whore  he 
traced  the  red  and  yollou'  falso-bedded  sandstones  which  there 
fonn  the  iippemiost  riK  Tidicr  of  the  system.  Ho  found  among 
their  occiisional  bands  of  couglomemte  and  nests  of  pebbles, 
abimdant  detritus  of  the  schists  of  the  region,  and  also  some 
pieces  of  a  decomposing  dark  purple  andesite,  which  may  ppssiblj 
mdicate  contemporaneous  volcanic  activity  somewhere  in  this 
part  of  "  Lake  Orcadie." 

(Mr.  Home.)  The  area  of  Old  Red  Sandstone  in  that  portion  of  the  Black 
Islo  niap])cd  by  Mr.  Horke  last  year  forms  a  strip  al^out  three 
nules  broad,  extending  from  J^'ortroso  on  the  Moray  Firth 
westwards  to  the  Cromarty  Firth.  The  strata  there  exposed 
may  be  grouped  in  the  following  descending  order 

6.  Red  and  yellow  .sandston&s,  false-bedded,  sometimes  calcareous,  with 
occasional  scattered  j^ebbles  merging  into  conglomeratic  sandstones. 
5.  C'un^'Iomerate  with  round^  aud  sabaDgalar  pebbles  (Ordhill  and 

Roeoluiugh;. 

4.  Hed  sandstone  flagstone-s,  and  shales^  with  a  band  of  shales  con- 
taining limestone  TK>diiTe!^,  iiiideilain  by  a  thick  group  of  febpathic 
sandstones  (arko»e),  red  tiags tones  and  shales. 

8.  Conglomerate  {viith  sul>angular  ^lebblea  of  crystalline  schists  and 
granite),  seen  at  waterfall,  Kosemarkie  (Jlcn. 

2.  Hard  foey  i^lcareous  flags  aud  shales,  with  thin  ribs  of  impure 
Umestone.  Hoeemarkie  Glen. 

1.  Basal  breccia.  (Whiuhill,  north  side  of  Bosemarkie  Qlen.) 

In  the  course  of  his  detailed  work,  Mr.  Horne  obtained 
evidence  confirming  the  views  held  hy  previous  observers 
regarding  the  sjiiclinal  arrangement  of  the  Old  Red  Sandstone 
in  the  region  of  the  Black  isle.  This  stnictTire  was  long  ago 
recognised  and  dcscriliod .by  Hi  liii  Miller,  and  suKseqnently  by 
the  present  Director  General  of  the  Survey,  while  the  nortbem 
portion  of  the  district  was  mapped  by  the  late  Mb.  Hugh  Miller 
of  the  Geological  Survey.    (Slieet  94  of  the  Map). 

The  lowest  rocks  are  exposed  in  the  picturesque  ravine  west 
of  Jiosemarkie,  and  on  tnc  adjaocnt  hill-sl(>|>es.  T]i<^  basal 
breccia  (No.  1)  is  not  visible  in  this  gorge,  being  thrown  out  by 
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a  fault,  but  it  occurs  on  the  declivity  to  the  north,  between  (Mr.  Home. 
Whinhill  and  Woodside.  It  contains  sub-angular  fragments 
t>f  ^  gxanulitic  quartZ'Schist,  biotite-guuiss,  and  pieces  of  the 
■adjacent  pink  granite.  The  shales  and  fl^  of  No.  2  are 
exposed  on  both  sides  of  the  gorge  of  the  Bosenuurkie  Bum, 
where  they  arc  faulted  against  the  pink  p*anitc  and  arc  them- 
selves; traversed  by  small  faults.  They  dip  at  liigh  angles,  and 
have  been  subjected  to  sharp  folding.  The  coarse  coiigloniciate 
'(No.  3)  forms  a  waterfall  at  the  head  of  the  glen,  where  it  is 
'seen  to  overlie  the  grey  calcareous  flagstones  and  shales  (No.  2), 
both  being  traversed  hy  small  faults.  The  lower  portion  of 
group  No.  4,  consists  of  a  thick  succession  of  coarse  felspathio 
sandstones  which  have  evidently  been  largely  derived  frotn  the 
disintegration  of  granitic  rocks.  Large  fragments  of  felspar,  not 
much  assorted  by  water,  form  the  main  constituent,  so  umch  so 
that  the  rock  resembles  in  places  a  granitic  breccia.  But  the 
derivative  character  of  the  material  is  made  further  apparent 
by  small  scattered  pebbles  of  granite,  pegmatite,  and  grey  quartz- 

franulite.  The  strata  arc  visible  on  the  beach  at  low  tide, 
etwecn  Fortrosc  and  Avoeli,  in  the  crags  that  form  the  ancient 
shore-clitVot  the  same  ])ie('e  of  coast,  and  in  tlie  railway-cutting 
east  of  Avoch  Station.  They  are,  however,  much  brecciated, — 
a  result  doubtless  of  the  powerful  fault  that  skirts  the  base  of 
the  eastern  cliff  of  the  Black  Isle.  These  felspathic  sandstones 
are  likewise  visible  on  the  hill-slope  to  the  east  of  Fortrose.  In 
the  Shaltie  Bum,  near  Mains  of  Avoch,  a  thin  band  of  red  shales 
with  limestone  nodules,  about  two  feet  thick,  is  interleaved  in 
red  flags  and  sandstone.  Near  the  top  of  this  growp  lies  the  red 
sandstone  of  Arkendeith,  one  of  the  valuable  buildmg  stones  of 
the  district 

Next  in  order  comes  a  l)and  of  conglomerate  (No.  5),  which 
is  traceable  from  the  Ordhill  south-westwards  by  Rosehaugh  in 
the  direction  of  Mnnlnr-hy.  Towards  the  north-cast  it  seems  to 
merge  into  conglomeratic  .sandstone;  at  least,  it  is  not  traceable 
as  a  separate  zone  north  of  Ordhill. 

^    The  strata  that  form  these  five  sub-divisions,  have  a  general 

'  inclination  to  the  W.N.W.  or  N.W.,  that  is  away  from  the  axis 
of  crystalline  schists  which  nms  from  Rosemarkie  north-east- 
wards in  the  direction  of  Cromarty.  Close  to  that  axis  the 
angle  of  dip  is  high,  varying  from  50  '  to  7Q\  but  it  decreases  west- 

■  wards  to  40®  and  25». 

These  groups  are  surmounted  by  red  and  vellow  sandstones 
(No.  6),  occupying  the  centre  of  the  syncline  oi  Easter  Boss  and 
covering  a  lar^e  area  in  the  southern  portion  of  the  Black  Isle. 
Excellent  buudmg  stone  is  obtained  from  this  group,  several 
quarries  being  now  in  active  operation  (Millhuie,  Snddie.  Tarra- 
uale).  liecently  a  (juarry  wixs  opeiie<l  on  tlie  liosehaugh  estate 
which  has  yielded  a  bciiuliful  yellow  sandstone,  from  which  the 
new  mansion  house  of  Rosehaugh  lias  been  built.  ^  The  synclinal 

'structure is  amplv  proved  by  the  evidence  obtained  along  the 
southern  slopes  V)f  the  Milfbnie  Moor  in  the  direction  of  the 

'  Oiomarty  Firth.  North  of  Rosehaugh,  these  sandstones  dip  to 
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(Jlr.  HoreM  the  N.NAV.  and  N.W.  at  angles  from  10*  to  12^  Westwards  by 
Bclmaduthy  they  dip  N.  and  N.N.K.,  while  about  a  mile  to  the 
north  of  Bclmaduthy  tlu-y  dip  to  the  N.f].  at  gentle  angles. 
Again,  on  the  western  slopes  of  the  l^Iaek  Isle,  near  Ferintosh, 
these  yellow  sandstones  have  an  easterly'  dip  from  5  to  10  . 

Ahm^  the  south-east  side  of  the  Black  Isle,  several  strong 
springs  issue  from  these  sandstones  which  have  proved  valuable 
sources  of  water-supply  for  Rosemarkie,  Avoch,  and  Bosehaugh. 

An  interesting  feature  of  these  uppermost  sandstones  is  the 
occurrence,  already  referred  to,  of  peDoles  of  andesitc  or  dialiase- 
porph^Tito  in  them.  The  specimens  observed  by  Mr.  Hurne 
were  trom  one  to  three  inches  across,  and  resembled  the  andesite- 
lavas  associated  with  the  Old  Bed  Sandstone  on  the  south  side  of 
the  Moray  Firth  (GoUachie  Mill,  Gartly,  Rhjmie).  These  pebbles 
have  not  as  yet  been  detected  on  lower  horizons  in  this  district. 
Bcauly  Besides  the  ground  surveyed  by  him  in  Easter  Iloss,  Mr.  Horne 

(Ah-.TJorne  ^^^^  mapped  a  small  tract  of  Old  Red  Sandstone  in  the  district  of 
and  Mr.  Kiltarlity,  south  of  the  town  of  Beauly.  In  that  part  of  the  basin 
HinxmaD.)  gf  jjake  Orcadie,  the  lowest  coarse  tumultuous  conglomerate 
attains  a  great  development,  as  recorded  by  Mr.  Wallace, 
of  Inverness.  Its  unconformable  junction  witn  the  crystalline 
schists  is  well  seen  in  the  Breakachy  Bum,  a  tributary  of 
the  Beauly  west  of  Beaufort  Castle.  The  crystalline  scnists 
likewise  appear,  surrounded  by  conglomerate,  in  the  picturesque 
gorge  of  tnat  river  south  of  Teanassie.  Again,  along  the  southern 
mardn  of  the  Old  Red  Sandstone,  the  basal  conglomerate  caps 
MeaU  Mor,  north  of  Loch  a  BhruthaioL  Genially,  it  shows 
little  or  no  trace  of  stratification,  and  many  of  the  blocks  are 
subangular.  The  smaller  pebbles  have  been  locally  derived, 
beirig  composed  of  grey  quartzose  granulitcs,  mica-schists,  and 
biotite-gneiss.  The  larger  and  more  highly-rounded  blocks, 
which  must  have  been  carried  £rom  a  distance,  consist  of  granite 
and  pegmatite.  In  places,  this  coi^lomerate  has  Intwoalations 
of  sandstones  and  flags,  as  in  the  streams  in  Boblanie  Wood,  and 
in  Glen  Convinth. 

Sin  adjoining  part  of  the  same  district  some  additional  area 

of  the  Old  Red  Sandstone  was  mapped  by  Mr.  Hinxmav,  who 
reports  the  same  general  results  as  those  obtained  by  Mr.  lioRNE. 
He  traced  the  coarse  conglomerate^breoda  at  the  base  of  the 
series  in  the  valleys  of  the  river  Orrin  and  other  streams  flowing 
from  the  west.  It  is  there  well  displayed,  and  presents  the 
appearance  of  a  coarse  tinnultnous  aggregate  of  large  angular, 
subangidar,  and  rounded  hlooks,  .set  in  a  hard  sandy  matrix  with 
small  rounded  pebbles.  This  matrix  is,  however,  sometimes 
completely  absent.  The  great  majority  of  the  includ^  blocks 
are  derived  from  the  underlying  schists,  those  of  quartz-sdiist 


Kiitarhty,  that  these  houlders  arc  usually  niuch  lai  ^Tr  and  more 
rounded  than  the  fragments  derived  irom  the  local  liistose 
rocks,  though  in  the  AUt  Qoibhre,  near  the  imconlurmable 
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junction,  the  breccia  contains  angular  masses  of  mica-schist  six  (Mr.  Hiax- 
ukd  eight  feet  in  length.  num-) 

The  uoper  part  of  the  oopglomeiato  is  intercalated  with  shaly 
bands,  wnich  pass  upwaids  into  a  aeries  of  f^j  micaceous  flags 
and  shales.  These  arc  ^vcll  seen  at  the  Bnd[jo  of  Orrin,  where 
they  dip  8.S.VV.  at  15«-25^,  but  rest  at  lower  an,t(les  of  5^-10"^  in 
the  Allt  Goibhre.  The  flacfpry  scries  is  succeeded  bv  thiek-boflded 
red  and  greonish-groy  micaceous  sandstones,  witli  a  few  pebbly 
bandB,ana  seams  of  green  and  purple  micaceous  shale.  The 
sandstones  ave  often  &lse-bedded.  while  the  true  bedding  is  indi- 
cate! by  parting's  and  galls  of  red  clay.  Near  Redcastle  the  beds 
di[>  NT.  X.h].  at  low  angles,  and  further  to  the  west  seem  to  be 
almost  flat.  This  senes  aftbrds  an  excellent  freestone,  which  is 
largely  ouarried  in  the  district.  The  quaiTies  at  lied  burn,  near 
Beauly,  nave  supplied  budding  material  for  the  Priory  at  Beauly 
and  for  Beaufort  Castle. 

An  interestiiug^  feature  in  the  mapping  of  theG^Iogical Survey  ^^J"^  i>^^^^\ 
in  the  north  of  Scotland  has  been  the  discovery  firom  time  to^  ie*c  .) 
time  of  outliers  of  Old  Red  Sandstone,  sometimes  a  number  of 
miios  dist^mt  from  the  main  body  of  the  formation.  The  latest 
outlier  of  this  kind  was  found  last  year  by  Mr.  Peach  while 
engaged  in  surveying  the  crystalline  schists  of  Boss-shire,  in  the 
distnct  of  Lochs  Luichart  and  Garve,  which  have  already  heea 
referred  to.  It  stands  on  the  hill  called  Craiir  a  Chaorinn,  which 
overlooks  the  south-western  angle  of  Loeh  Garve.  It  consists  of 
a  coarse  conglomerate  made  up  of  rounded  and  more  or  less 
angular  fragments  of  Moine-schist,  muscovite-biotite-gneiss,  with 
a  lew  fragments  of  homblendc-schist  and  augen-gneiss.  The 
blocks  are  huddled  together  with  little  or  no  finer  matrix.  The 
piesenution  of  this  outlier  Ls  evidently  due  to  a  mica-tiap  which 
ascending  from  a  dyke  or  sill  that  traverses  the  unaerlying 
schists,  has  forced  its  way  bot\v'oen  the  pebbles  and  eemcntea 
them  together.  The  conglomerate  has  evidently  rested  on  a  very 
uneven  surface  of  the  schists,  for  at  one  place  the  molten  rock, 
after  traversing  the  conglomerate,  has  invaded  a  sill  of  hornblende  • 

86hJ8t  and  ha$  carried  with  it  lounded  conglomerate  pebbles. 


Lome. 

In  the  Old  Red  Snndstone  busiii  of  Lome  some  interesting  (Mr.  Symea.) 
additions  have  been  made  to  our  knowledge  during  tlio  past 
year  by  the  work  of  the  Survey.  In  the  Swmmnry  of  Progress 
for  1897  an  account  was  given  of  the  discovery  of  Ce-phalasins, 
near  Oban»  whereby  the  sandstones,  shales,  and  volwmic  roclcs  ot 
Lome  were  definitely  proved  to  be  of  the  age  of  he  Lower  Old 
Red  Sandstone.  Further  investigation  has  resuhed  in  the  dis- 
covery, by  Mr.  Symes,  of  another  locality  for  fossil  hshcs,  and 
in  the  finding,  by  Mr.  Peach,  of  the  best  specimen  that  has  yet 
been  obtained  from  this  re^on.  This  ichthyolitic  band  occurs 
on  the  mainland  shore  of  Kerrera  Sound,  about  three  miles  south 
itom  Oban,  where  gxey  fine-grained  flags  are  seen  intercalated 
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(Mr.  8^mw.)  in  the  conglomerate  on  which  the  andesitic  lavas  rest   The  fine*. 

ichtliyolito  referred  to  is  an  excellent  example  of  the  new  species^ 
Cephalaa}}is  Inmcnsi'i,  shomsig  the  body  and  fins.    It  is  now 

benig  tigurefl  l>y  I>|{.  Thaqtwik,  who  in  regard  to  the  other  fish- 
(Dr.  Tia-  remains  ohtainetl  l»y  the  (•dllcctor,  Mh.  TaIT,  Las  beeu  good 
•iuau.j        onoiigii  lu  iiirnish  the  following  note: — 

"Tlie  adtiitional  fl^li  remains  from  01»an  collected  by  the  Greologica 
Survey  during'  tlie  yt  ai  1898,  though  of  ^i-eat  interest,  are  unfortunately 
not  well  enough  preserved  to  justify  their  snecitic  detennination.  Two 
forms  new  to  the  locahty  have  occun  ud  ;  -one  is  a  small  Acanthodian  fish 
belouginu  to  the  genus  JlesiicaiUhus  and  closely  resembling  the  M.  MitcheUif 
Egr.,  of  toe  Forfanhire  bedsj  the  other  isaflmaU  fragment  of  what  may 
turn  out  to  be  a  new  speciea  of  Thdodiu*** 

Messiw.  Peach  and  Svmes  also  noticed  plant-remains  in  the 
same  fish-bearii^  band,  but  the  spedmens  were  fomid  by  Mr. 
ElDSTOXto  be  too  indistinct  for  satisfactory  L  t  -  rmination. 
(Mr.  SymM.)    In  prosecutii^^  his  survey,  Mr.  Symes  has  found  that  the  deposit 

of  sedimentary  st  nita,  which  in  the  northern  and  western  parts  of 
the  Lome  distri*;t  intervenes  between  the  base  of  the  volcanic 
series  and  the  underlying  slates,  reappears  also  in  the  south, 
where  it  has  not  hitherto  been  shown  on  published  maps.  About 
two  miles  N.N.E.  of  Kihnelfort  a  eood  section  may  be  seen  of 
these  sediments.  From  under  the  noiizontal  sheets  of  lava  the 
conglomerate  emerges  as  a  vortical  wall,  about  100  feet  high, 
rrstiii'.!'  on  vertical  siliceous  schists.  Between  the  conglomerate 
and  tlu'  l)Ottom  of  the  lavas  there  intervene  about  rifty  feet  of 
purpli-sli  tiagstones,  but  without  any  apparent  representative  of 
the  fossiliferous  zone  which  elsewhere  is  found  on  this  horizon. 
The  blocks  in  the  conglomerate  are  on  the  whole  more  angular 
than  around  Oban,  and  are  varied  in  composition.  Among  them 
the  following  rocks  wore  ohserved  : — aiulesito,  limestone,  sandstone, 
calcareous  snndstrine,  turt",  porphyritic  epidiorite,  gamet-schi.st. 
and  quartzite,  but  no  granite.  ()ccasional  thin  beds  of  sedi- 
mentary material  occur  in  tliis  thick  mass  of  coarse  detritus,  but 
they  are  not  constant. 

In  the  district  round  Oban  a  number  of  thin  beds  of  purplish 
shales,  .sandstones,  and  fine  conglomerate  were  found  faitercalated 
with  tlie  andesito  sheets  nt  ditlerent  horizons.  One,  onlv  a  few 
feet  thick,  was  traced  in  tlio  Glen  Lonan  valley,  about  500  feet 
above  soa-level ;  another  was  met  with  on  the  road  to  Loch  Nell, 
close  to  Baligoun,  made  up  of  thin  shales,  and  small  water-worn 
pebbles  of  quartz ;  while  m  the  Feochan  valley,  four  miles  S JS. 
of  Oban,  three  outcrops  of  shales  were  mapp«  d.' 

On  the  fMsi  side  of  Eilean  nan  Caorach,  whicli  is  N.W.  of 
Easdah?,  the  andesitcs  are  foimd  resting  on  tutt"  clos*-  to  the  water 
edge,  and  Indow  the  tutf  lie  red,  green,  and  i>in  |)!i' slialcs.  and 
thin  conglomerate.  Again,  at  t  he  base  of  the  clid,  in  the  amphi- 
theatre known  as  Sloe  ant  Sisntan,  about  half-a>mile  north  of 
Easdale  village,  two  small  exposures  of  red  and  grev  shales 
dipping  N.W.  at  20"^.  and  trav4!r.sed  by  numerous  ha.salt  dykes, 
were  detected  undornt-ath  the  v<il'\anir  ^crirs.  Similar  strata 
appear  below  the  andesite^  at  Ardetallaa  on  the  north  shore  of 
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Loch  Feochan,  where  they  include  hard  greenish  grits  which  were  (Mr.  Symes.) 
foxmerlj  worked  eztendTely  for  building  purposes.   The  quarry 
had  to  be  abandoned  because,  as  tbe  sui&ce  was  only  25  foet 
above  high- water  mark  the  ezoaTOtions  were  flooded  when  they 

reached  sea-level.  This  qimrr}',  and  one  at  Bamacarry,  on  the 
south  of  Locli  Feochan,  are  the  only  quarries  of  the  same  material 
in  the  whole  district. 

The  conglomerate  in  the  Dunollie  grounds  at  Oban  contains 
much  more  matrix  tban  the  same  deposit  further  south.  It  has 
been  subjected  to  so  much  compression  and  dislocation  tbat  its 
groat  andesite  blocks  are  all  crushed  and  broken  up. 

In  the  railway  ciifting  near  Oban,  and  at  the  locality 
on  the  SoTiiifl  of  Kerrera  already  referred  to,  the  fossiliff  rons 
band  lies  ouly  about  fifty  feet  above  the  black  shales  of  the 
metamorphic  series.  The  conglomerate  which  emerges  from 
underneath  this  band  is  somewhat  different  £com  that  of  the 
conspicuous  cliffs  near  Oban,  inasmuch  as  its  blocks  are  only 
about  half  the  size,  are  enclosed  in  a  less  proportion  of  cementing 
matf>ri<il,  and  include  a  much  laiger  percentage  of  quartzite  t 
fragments. 

A  large  part  of  the  area  surveyed  by  Mr.  Symes  last  year  has 
lain  among  the  volcanic  rocks  of  the  fiOwer  Old  Ked  Sandstone, 
which  form  so  conspicuous  a  feature  in  the  geology  of  the 
district  of  Lome.     He  has  now  extended  his  survey  to  the 

southern  margin  of  the  volcanic  area,  where  the  lavas  terminate 
as  usual  in  a  line  of  pictiires(iue  cliff  crowning  a  tains  slope  that 
descends  to  the  snrronnding  lower  ground.  No  special  petro- 
^aphicai  distinction  was  ohserved  in  the  characteristics  of  the 
Utvas  in  the  southern  part  of  the  region.  No  tufb  have  yet 
been  noticed  among  them. 

East  from  Oban  the  observer  ascends  over  the  andesite  sheets 
until  he  reaches  an  horizon  of  tuff  which  lies  about  400  feet  above 
the  base  of  the  lavas.  Above  this  platform  of  pyroclastic 
material  another  series  of  lava-flows  is  met  with  which  stretches 
for  some  twelve  miles  east  of  Oban.  It  is  difficult,  however,  to 
follow  the  true  stratigraphical  succession,  and  to  estimate  the 
real  thickness  of  the  volcanic  series,  for  the  whole  country  is 
broken  up  by  numerous  N.N.E.  faults  which  not  impossibly 


Cracks  filled  with  hardened  sandstone  are  fre(|uent  all 
through  the  andesitic  sheets,  and  slyv  m  cfvery  respect  similar  to 
those  which  have  now  been  observed  so  commonly  among  the 
lavas  of  the  Lower  Old  Red  Sandstone.   The  sandy  silt  has  been 
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(Mr.  Syincii.)  washed  into  fissures  and  caYonums  hollows  of  ihe  cooled  Umi» 
and  where  these  spaces  have  run  alopg  the  middle  of  a  single 
sheet  thoy  sometimes  present  a  deceptive  resemblance  to  ordinaiy 

sedimentary  intercalntions  that  separate  distinct  flows  of  lava. 
Thus  the  scam  of  stMliiiient  eit^ht  inches  thick,  referred  to  in  the 
JicjXfi't  lor  I8i>ti  {u.  do)  OH  iutorcaUted  between  two  lavas  west  of 
Connel  Railway  Station,  has  proved  on  subseaueut  examination 
to  be  only  a  portion  of  one  of  these  sand-oiled  rents  in  the 
andesite. 

The  tufi's  which  cover  so  large  an  area  on  the  north  side  of 
Lnrh  Etive  have  been  traced  on  the  south  side  of  the  loch  in  a 
S.S.VV\  direction  from  the  sea-lovol  at  Acli-na-cloich  Railway 
Station  to  the  high  ground  overlooking  Glen  Luaun  where  thoy 
appear  to  die  out.  Over  part  of  this  ground  they  form  a 
striking  feature  in  the  landscape,  for  their  outcrop  terminates  in 
an  almost  continuous  vertical  wall,  like  a  great  sill,  which  is 
broken  in  places  by  faults  whereby  portions  of  the  cM  have  been 
displaced. 

(Direotor         The  Diheltok  GENERAL,  during  his  inspection  of  Mr.  Symes' 
Chmeral.)     ground  last  summer,  made  the  following  tield-notes  on  the 
sections  of  tuff  to  be  seen  near  Ach-na-cloick     In  the  grounds 

south  of  the  IWlway,  exposures  of  a  pink  ix'rnhyritic  rock  occur, 
which  might  easily  l)e  taken  for  a  felsite  or  felspar- porph^Tj".  It 
has  a  dull,  compact,  felsitic  matrix  which  when  fresli  rnkos  a 
streak  of  steel.  Thronirh  tlic  matrix  are  scattered  abundant 
pink  felspars  and  a  siuaiiei  proportion  of  mucii  decayed  mica. 
ao  free  quartz  was  detected.  Most  of  the  felspar  looks  hke 
orthodase^  but  there  may  be  some  striated  felspars  also.  From 
the  few  exposures  here,  one  might  naturally  class  the  rook 
provisionally  as  probably  an  intrusive  oi*thorlase-porph}Ty  or 
soniewliat  altered  trachyte,  so  tar  at  least  as  its  characters  can  be 
judged  of  in  the  tield.  It  no  doul)l  belongs  to  the  same  group  as 
the  *  crj'stal-tuff '  observed  further  to  the  south-east  by  Mr, 
Ktnaston  {Report  for  1896,  p.  54) 

"But  a  little  to  the  west,  in  the  railway  cutt  ing,  a  section  is  laid 
bare  of  a  similar  rock  which  unauestionably  forms  part  of  a  series 
of  tufts,  of  which  the  true  pyroclastic  iinture  is  made  evident  by 
their  abundant  lapilli.  These  tufts  j)i c^ent  a  fine-grained  pinkish 
feLsitic-lookin^  matrix  through  which  are  abunoantly  scattered 
crystals  of  pink  felspar  and  flakes  of  biotite.  The  ielspaars  axe 
sometimes  striated  and  are  generally  remarkably  fresh.  Here 
and  there  a  felspar  crysttU  may  be  seen  having  a  aidl  worn  outer 
surftco  as  if  it  had  undergone  some  nttrition  or  solution  l>efore 
being  enveloped  in  the  matrix.  The.se  crvst.ils  s<>em  to  have  been 
ejected  as  loose  lapilli  from  the  explosion  of  some  felspar- 
porphyrv.  The  larger  lapilli  are  an^lar  fragments  of  dull 
felsitic-like  material.  The  tuflEs  are  distmctl y  bec&led  and  consist 
of  finer  and  coarser  detritus  During  the  short  time  spent  in 
their  examination  they  yielded  no  fragment  of  the  ordinary 
andesite.  nor  wrn-  they  found  to  eonUiin  layers  of  siindstono  or 
shale  ur  anv  apprccialjle  admixLim^  of  ordinary  non-voleanic 
detritus.    They  seem  to  point  to  volcanic  explosions  of  a  nature 
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quite  distinct  from  that  of  the  Oban  lavas,  when  a  magina  of  a  (Director 
mora  add  composition,  like  that  of  a  tiachyte  or  rhyolite  was 
blown  into  dust. 

"Immediately  below  the  UxSk  on  the  north  side  of  the 
railway  cutting  an  andcsite  appears  of  the  usual  dull  green 
compact  type.  It  includes  nest^  and  veins  of  shaly  sandstone, 
the  stratihcation  of  w  hich  coincides  with  the  dip  of  the  andesite 
and  of  the  tutls.  It  also  contains  patches  of  tuff  which  show 
email  lapilli  of  highly  though  minutely  yeracular  andesita  This 
tuff  has  probably  fallen  into  hollows  and  rents  of  the  lava.  It  is 
quiw  ditfocent  from  (be  orthophyw-looking  or  tnohytio  luffii 
above. 

Thin  bucis  of  coini)act  brick-rod  tuff  dipping  east  at  15^  to  30«*  Syme».) 
are  interposed  between  the  auiletsito  biieets  near  Benbog,  two 
miles  south  of  OonneL  In  the  railway  cutting  a  mile  and  a  half 
east  of  Oban  similar  tufis  were  met  with  lymg  on  intercalated 
shales  and  dipping  east  at  5^.  On  Eilean-nan*Gaorach  brick- 
red  tuffs  were  lound  at  low- water-mark  lying  on  similar  strata. 
These  tutfs.  however,  appear  to  have  no  connection  in  ago  or 
composition  with  tlie  great  mass  that  lies  to  the  north  and  south 
of  Loch  Etivc.  A  eoiisidorablc  thickness  of  tutf  has  been  noticed 
on  Uie  high  ground  a  mile  and  a  half  to  the  north  of  fiasdale 
Tillage,  lying  on  the  lavas,  and,  like  these,  dipping  at  about  20**  to 
N.W.  dn  the  shore  of  Loch  Feochan,  a  mile  west  of  Glenfeochan, 
an  agglomerate  has  been  laid  bare  composed  entirely  of  fragments 
of  andesite.  On  the  north  shore  of  Loch  Etive,  near  the  Manse, 
a  similar  rock  is  capped  with  a  lava  sheet  which  has  cracked  so 
much  in  cooling  that  it  looks  as  if  it  were  composed  of  subangular 
blocks  cemented  together  by  sedimentary  material.  Highly 
micaceous  sand  has  during  the  cooling  of  tne  lava  been  waSbed 
abundantly  into  its  fissures. 

Some  nf  the  masses  of  agglomerate  now  referred  to  may  pos- 
sibly mark  tiie  positions  of  volcanic  necks.  Hul,  so  far  as  the 
mappiiig  has  yet  gone  there  has  been  a  singular  absence  of 
eviaence  of  the  oriiioes  from  which  the  volcanic  materials  were 
ejected. 

In  the  Summary  of  Progress  for  1897  (p.  64)  reference  was  Sound  of 
made  to  an  interestmg  discovery  bv  Mr.  Wilkinson  of  a  "^o^cardc  Jjj^^^J^rll) 
mass  at  Glas  Eilean,  a  small  islet  off  the  Jura  shore  at  the 
southern  entrance  to  the  Sound  of  Islay.  During  the  past 
summer  the  Director  General  landed  on  this  islet,  and  obuuned 
confirmatory  eridenoe  that  the  rocks  which  form  it  belong  to  the 
siime  Lower  Old  Red  Sandstone  series  as  the  lavas  oi  Lome. 
The  rocks  appear  to  ronsi.st  chiefly  of  purplisli-grrn'  amygdaloidal 
andesites  and  decayed  basalts.  They  slu^w  abundantly  a  true 
slaggy  structure,  their  vesicles  being  conunonly  filled  with  calcite. 
A  conspicuous  feature  amoiig  tliem  links  them  with  the  volcanic 
series  of  Lome  and  of  the  Lower  Old  Red  Sandstone  of  central 
ScoJJand,  viz.,  the  abundance  of  veinings  and  irregular  layers  and 
nests  of  pale  and  red  fine  sandstone.  Sonie  parts  of  the  lava 
have  Ikm'h  <'!itirely  broken  up  into  masses  of  slag,  between  wliich 
the  sandy  sediment  has  accumulated,  precisely  as  may  be  seen 
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Round  of      on  the  coast-sections  at  the  Red  Head  of  Forfarshire,  I  urn  berry 
I  si  ay  (i>ir«e-  Poiot  IB  Aynhite,  and  many  sections  round  Oban, 
tor  General. )    rj^^  lavas  of  this  islet  occur  in  successive  sheets,  dipping  towards 
the  Sound  at  perhaps  as  much  as  30"  to  40*.  They  Jire  .s<  })arated 
bv  cTftssy  hollows,  sonic  of  which  may  conce^il  bands  of  tuff  or 
orchnary  sodiinentary  niaterial.    There  can  hardly  be  any  doubt 
that  Glas  Eilean  is  a  frajmicnt  of  a  volcanic  series  t)f  the  age  of 
the  Lower  Old  Red  Sandstone.   It  lies  nearly  forty  miles  to  the 
north  of  the  rocks  of  that  ^riod  in  Arran  and  Cant3rre,'and  fifty 
miles  south  from  the  volcanic  masses  of  Oban.   It  not  improbably 
marks  the  site  of  a  distinct  volcanic  area  about  half  way  between 
that  of  Lome  and  that  of  the  Clyde. 
Lorn©^  Durincf  the  past  year   Mr.   Kynaston  has  completed  the 

voleuuo  survey  of  the  volcanic  series  between  the  rivers  Awe  and  Nant. 
Kya&stoa.) '  Nothing  exceptional  has  been  noticed  by  him  in  the  course  of 
the  mapping.  The  same  types  of  rock  which  have  been  full^ 
descril>ea  by  him  in  former  Annual  RepoHs  continue  to  prevail 
in  the  inbound  more  recently  traversed.  It  may  be  mentioned, 
however,  lliat  he  met  with  an  excellent  exposure  of  tlie  nodular 
variety  of  the  more  acid  (rhyolitic)  type  of  the  lavas  near  Tavniiilt. 
The  nodular  structure  is  there  exnibitod  in  great  perfection, 
some  of  the  larger  nodules  measuring  more  than  an  inch  in 
diameter. 

In  the  A  rniual  Report  for  189G  reference  was  made  to  a  small 
patch  of  sedimentary  rocks,  lonn^  ago  noticed  by  Maccull*  w  h 
which  occurs  at  the  Pass  of  liraiider,  but  the  stratigraphicai 
position  of  which  was  uncertain.  In  the  Summa'i'y  of  Progress 
tor  1897,  in  further  allusion  to  these  stimta,  it  was  mentioned 
that  Mr.  Kynastok  believed  them  to  be  interstratified  with  the 
Lome  andesites,  and  thus  to  be  part  of  the  Lower  Old  Red 
Sandstone.  It  was  stated  at  the  same  time  that  though  they 
had  hitherto  proved  devoid  of  organic  remains,  their  more  sbaly 
parts  nii<'ht  prove  to  be  fossillfcrous.  Thev  were  accordinf^ly 
searched  last  year  by  the  fossil  collector,  Mr.  1  ait,  who  succeec  led 
in  obtaining  a  collection  of  plants  which  leaves  no  doubt  that 
the  strata  in  question  are  of  Carboniferous  age.  A  fuller  account 
of  them  in  their  interesting  bearing  on  the  geological  history  of 
the  West  Hi<(hlands  will  therefore  be  given  in  the  section  on  the 
Carbonilerous  system  in  later  pages  of  the  present  volume  (p.  X29). 


Gmnitei  of  Ben  Cruachan  and  GUn  Etive. 

KyuM-  In  continuation  of  his  fiold-work  reported  in  the  Summary  of 
Pm'frpss  for  1897,  Mk.  Kvnastox  has  pushed  tli^  mapping  still 
further  across  the  districts  of  Ben  Oruachaii  ami  (Jlen  Etive. 
He  has  surveyed  considerable  tracts  of  eruptive  rock,  and  has 
devoted  special  attention  to  the  phenomena  of  contact  meta- 
morphism  around  these  tracts.  The  effects  of  the  Ben  Cruachan 
granite  on  the  surround in'.:^  rocks  were  recognised  by  Mb.  Hill 
in  18D3,  when  he  trared  the  comparativelv  tiiinltered  limestones 
-  and  phyllites  of  the  Loch  Aw  e  series  across  the  Pass  of  Biander 
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into  the  neighbourhood  of  the  mnite.  Mr.  Ktnaston  hairing  oir.  Kynan*. 
now  mapped  the  j^ound  arouna  the  granite,  has  supplied  the 
following  digest  ot  the  chief  results  of  his  work : — 

1.  Beti  CruncJi  ' I  District. — In  this  area  Mr.  KvvAsToyhas 
completed  the  luappmg  of  the  alteriMl  rucks  (iiid  dioriti  s  of  Bun- 
a-Bhuridh  and  thti  eastern  spurs  of  Bon  Cruiiclian,  situated  to 
the  west  and  north-west  of  Loch  Awe  Hotel.     Beftjrence  was 
made  in  the  Swmmun  y  of  Progrmsiat  1897  (p.  86)  to  the  diorite 
of  Ben-a-Bhuridh,  and  last  year  further  specimens  of  these 
rooks  were  submitled  to  Mr.  Teall.    The  rock  is  decidedly 
more  hasic  than  the  normal  typo  of  Ben  Cniachan,  and  e1ns(^]y 
rosr-iubles  the  dioritic  varieties  found  among  the  granitic  intru- 
aujiiS  of  the  Southern  Uplands.     At  the  quarries,  about  a  mile 
north  of  Loch  Awe  Station,  the  rock  consists  of  a  coarse-gp:uined, 
massive  quartz-diorite,  not  imlike  some  of  the  grey  varieties  of 
BenOruachan  and  Bonawe.    Under  the  mieroscope,  zoned  pla- 
gioclase  (oligoclase-andesine),  biotite,  hornblende,  and  interstitial 
quartz  arc  seen,  while  apatite,  sphene,epidote,  and  iron-ores  occur 
as  access  I  i*"^    Passing  from  nere  to  the  crags  on  the  northern 
ridge  of  Aiouadh  Driseag,  and  to  the  eastern  and  southern 
slopes  of  Ben-a-Bhuridh  we  find  the  rock  becoming  darker  in 
colour, more  basic» andsenerally  rather  finer-grained.  A  specimen 
from  the  south  side  of  Ben-a-Bhuridh  shows,  under  the  microscope, 
idiomorphic  plagioclase,  hrown  hornblende,  biotite,  interstitial 
quartz  and  micropegmatite,  the  two  latter  constituents  appearing 
only  in  very  small  quantity  ;  magnetite  and  apatite  occur  m 
accessories.    The  distribution  of  the  diorite   m  this  area  is 
especially  worthy  of  notice.    It  distinctly  forms  a  belt  or  zone 
varying  from  aoout  i  to  1  mile  in  breadth,  alon^  the  southern 
boundary  of  a  large   inclusion  of  altered  epidiorite.  This 
inclusion  constitutes  a  large  elongated  mass,  which  forms  the 
whole  of  the  highest  portions  of  Ben-a-Bhuridh,  numing  east 
and  west,  and  then  l)ending  romid  in  a  north-easterly  direction 
across  Coire  C'roachau  and  Alit  Mhoilo.    It  is  more  than  three 
luiles  in  length,  and  attains  a  maximum  breadth  on  Ben-a- 
Bhuridh  of  about  half-a-mile.   The  zone  of  diorite,  however,  is 
only  found  along  its  southern  and  south-eastern  boundaries ;  along 
the  line  of  contact  on  its  northern  and  north-western  sides,  the 
more  acid  type  of  the  main  muss  of  tiie  Cruachan  granite  makes 
its  appearance.    The  question  naturally  arises  :  Why  should  this 
diontic  modification  of  the  granite  occur  in  sucn  close  asso- 
ciation with  this  included  mass  of  epidiorite.   It  is  certainly 
diiBeult  to  explun  except  on  the  supposition  that  an  inter-action 
of  some  kind  has  Uiken  place  between  the  epidiorite  and  the 
intnisive  rock,  but  if  so,  \s\\y  does  the  granite  show  no  mollifi- 
cation of  this  kind  on  the  o])posite  side  of  the  ejiidiorite  ? 
Lacroix,  in  his  valuable  paper  on  the  Granites  of  the  Pyrenees,* 
has  described  numerous  cases  of  basic  modifications  in  the 
granite,  which  he  attributes  to  endomorphic  action  between  the 


♦L^roix.  "  Le  Oraiiite  dea  IVrfen6e8  et  m  s  phenomfenes  de  contact." 
,  '^BuU,  det  Strvieu  de  la  CarU  geologigue  de  La  Fromce,    ^o.  &4.  1898. 
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(Mr.  Kynas-  granite  and  limestone,  acting  within  tho  ^anite  magma,  and  lie 

describes  aureoles  ot*  cndouiorphoaed  gianite  (diorite,  &c.)  around 
included  patches  of  calcareous  MHlmient    It  is  perhaps  possible 

that  soTnethini(  of  the  samr  kind  may  occur  here,  and  the 
peculiar  zuiu-  of  the  lien-a-Bhuri<lli  diorite  may  bo  cOTnjmrcd  to 
the  peripheral  zones  of  hornblendic  rock  round  included  patches 
of  limestone  in  the  Pyrenees.  It  is  possible  that  the  exact  con- 
ditions requisite  for  the  assimilation  of  more  basic  material  did 
not  obtain  on  the  northern  side  of  the  epidiorite  inclusion. 
While  mapping  tho  northern  and  north-western  boundary  of  the 
epidiorite,  Mr.  Kyk aston^  noti<'od  numerous  strip  of  quartzose 
sediment,  sometimes  at  the  actual  <'ontaet  witn  the  granite, 
sometimes  folded  in  with  the  epidiorite,  and  the  latter  rock  itself 
b  here  &r  less  rich  in  homolendic  material  than  towards  its 
southern  margin ;  in  fact,  in  many  places,  as  at  Lairig  Tozran, 
in  the  crags  above  Allt  Mhoile,  and  in  tli  A  lit  Mhoile  hum,  the 
rock  shows  little  or  no  hornblciido  to  tliu  naked  eye.  It  is  Errey 
and  gneissoso,  with  indications  of  porphyritic  felspar.  This, 
however,  no  doubt,  merely  represents  a  %'^ariety  of  tne  original 
epidiorite  .sill,  and  we  know  that  considerable  variation  is  an 
exceedingly  common  feature  of  the  epidiorites  of  the  Loch  Awe 
and  neignbouring  arciis.  This,  then,  may  very  possibly  he  an 
explanation  why  no  dioritic  modification  of  tne  granite  is 
found  on  the  northern  side  of  tlie  Ben-a-BliTiridh  inclusion.  On 
tho  one  side,  the  southeni,  where,  until  a  better  explanation  otVers 
itself,  it  may  be  assumed  that  basic  material  has  been  assimilated 
by  the  granite  ma'^ma,  we  have  an  epidiorite  very  rich  in  horn- 
blende, while  on  we  other  side  a  highly  felspathic  rock  occurs 
with  bands  of  quartzose  sediment,  which  would  not  so  readUy 
lend  themselves  to  any  such  ondomoq)hie  action.  Further 
reference  will  bo  made  in  later  pages  to  these  epidiorites  in 
connection  with  the  contact  metamorphism  round  tne  Cruachan 
granite. 

2.  (Hen  Etive  DistricL — The  mapping  of  the  granite  of  the 
Black  Mount  deer-fotcet  was  contmu^  this  year  from  Glen 
Etiye.  At  the  same  time  a  considerable  area  of  granite  and 

metamorphie  rocks  was  mapped  on  the  western  side  of  Glen 
Etive,  and  on  the  liit^ber  ground  and  passes  formiii.:'  the  water- 
sheil  between  Glun  Klivo  and  Glen  Creran.  Tn  prevunis  B'^porfH, 
descriptions  have  been  given  of  the  Glen  Etive  type  of  granite 
from  the  area  bounding  Loch  Etive  and  Glen  Kinglass,  and  Mr. 
Kynaston's  opinion  has  been  stated  that  the  coarse  and  more 
acid  Glen  Etive  rock  is  slightly  later  than  that  of  Ben  Cruachan, 
though  belonging  to  the  saTue  geological  period.  The  mapping 
of  the  Glen  Etive  area  has  fully  eontirmed  this  inference. 
The  Glen  Etive  granite  anpears  to  constitute  a  lar^e  roughly 
oval-shaped  mass,  and  this  body  of  coarse  and  more  acid  material 
seems  to  form  a  huge  core  or  plu^  within  a  slij^htly  more  basic 
and  rather  variable  granite,  of  which  the  hornblende-granitite  of 
-Ben  Cniachan  may  no  taken  as  the  tyixi.  The  Cruac  han  type, 
then  forms  a  t(reai.  outer,  eneireling  belt  to  the  OleTi  Ktivc  tyj)o. 
On  passing  from  the  former  type  to  the  latter,  we  notice  an 
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abrupt  change  from  a  medium-grainod  rock,  often  rich  in  hom-  (lir.  KyiM* 
blende  and  plagiodaae,  to  a  irer^  coaxA  and  oonspieuonsly  ^) 

por^hyritic  ty{>o  of  granite,  in  which  the  hornblende  is  greatly 
aumniBhed,  wHile  quartz  is  frequently  conspicuous.  The  dii&* 
renf-e  ^vtwoen  the  two  granites  is  further  brouglit  out  in  the 
slightly  ditferent  types  of  scenery  which  has  resulted  from 
diflerences  of  weathering  and  disintegration  in  the  two  masses. 

To  the  west  of  the  head  of  Loch  Etive  the  boundary  line 
between  the  two  granites  runs  aloi^  the  eastern  flanks  of  Ben 
Bguliaird  and  round  to  the  north  side  of  Airidh  nan  Loduuit  At 
Ihe  head  of  Glen  Ure.  Here,  however,  they  do  not  seem  to  he 
^parated  by  a  vcrv  hard-and-fast  lino,  but  a  rather  gradual 
passage  may  be  traced  from  the  one  type  to  the  other.  The 
quartz  of  tne  coarse  porphyritic  type  decreases,  while  the  horn- 
blende increases,  and  sometimes  the  large  porphyritic  felspars  of 
the  Glen  Etiye  t)  j)o  seem  to  pass  oyer  into  the  more  hombtendic 
typa  In  fact,  m  this  neighbourhood  the  two  granites  are 
scarcely  distinguishable  over  a  belt  of  })erhaps  twenty  yards  or 
so ;  whilo  elsewhere,  as  a  rule,  a  sharp  line  can  easily  be  distin- 
lished  Ijetwecn  them  with  the  naked  eye.  From  the  head  of 
leu  Ure  the  boundary-ime  may  be  followed  to  the  upper  part 
of  Allt  Bhiorain,  whence  it  trends  more  to  the  east,  keeping  for 
some  way  parallel  with  the  northern  side  of  the  bum.  ThenCe 
it  curves  round  slightly  to  the  north-east,  passes  north  of  Creag 
Dnhh,  and  crosses  the  river  Etive  close  to  the  schoolhoiisc.  On 
the  eastern  side  of  the  river  it  is  easdy  carried  in  an  almost  due 
easterly  direction  up  Glen  ( -eitlein,  bearing  round  to  the  south- 
east, up  to  the  col  between  Meall  Odhar  and  Meall  nan  Eun, 
whence  it  probably  runs  in  a  general  southerly  direction  to 
join  the  boundary  Ime,  already  traced,  in  Glen  Kinglass.  As  far 
as  the  mapping:  has  gone  there  is  no  contact  between  this^pnnite 
and  any  seaimentary  rock,  nor  does  it  contain  any  inclusions  of 
sue))  vo<  k.  It  is  entirely  surroimded  by  the  Cruaehan  type. 
*  Tiie  coarsely  porphyritic  structure,  which  is  everywhere  so 
conspicuous  at  the  margin,  is,  however,  not  a  uniform  feature. 
The  porphyritic  crystals  ffraduallj  die  out  towards  the  inner 
portion  of  the  mass,  and  thus  f  lic  porphyritic  structure  is  here 
merely  a  marginal  feature.  There  is,  m  fact,  a  coarsely  por- 
phyritic manrinal  zone  to  the  Glen  Etive  granite,  varying  from 
about  a  quarter  of  a  mile  to  a  mile  in  breadth.  Withm  this 
zone  lies  a  generally  eoarse,  homogeneous,  pinkish  biotite-^ranite, 
with  homQende  rather  ais  an  accessory  than  as  a  {jnndpal 
constituent.  The  rock  often  resembles  the  more  acid  pmk 
variety  of  Ben  Cruaehan,  and  there  are  occasionally,  as  on  Ben 
Starav,  considerable  variations  in  texture. 

Specimens  of  the  Glen  Etive  granite  from  the  Glen  Kinglass 
area,  were  examined  under  the  microseojx?  by  Mr.  Teall. 
The  coarse  variety  of  the  biotite-^ranite  from  near  L)oire-nan- 
Saor  was  found  to  show  zoned  plagioclase,  biotitoi  and  interstitial 
alkali-felspar  in  large  plates,  wnile  quartz  is  comparatively 
tearce.  Hornblende,  sphene,  and  iron  ores  are  accessories. 
The  interstitial  felspar  is  often  developed  as  microperthite. 


Digitized  by  Google 


nSLD-WORX*  ' 


(Mr.  KyiiM*  Other  alioes  of  the  rock  again  sho\v  a  good  deal  more  quarts 
and  sometimes  rather  ]ohs  biotite,  though  on  the  whole  only 
slight  variation  in  composition  is  observable  in  this  ty|>e  of 
granite.  Fine-grained  varieties  are  found  on  lien  Starav,  but 
the  constituents  are  the  same  as  in  the  coarser  specimens.  The 
alkaU-febpar  occamonallv  shows  mictocline  structure.  A  fine- 
grained ffrey  rock  from  C  oire>nan-Lair,  on  the  south  side  of  Ben 
Starav,  sliows  porphyritic  or  pseudo-porphyritic  constituents  in 
a  finer- j]j^rained  matrix.  The  larger  constituents  comprise  zomni 
plagioclaso,  iiiierojKirtliite,  (juurt/.  and  biotite,  while  the  ground- 
niatis  is  a  niiero-crystaUine  aggregate  of  tpiartz  and  felspar. 
Small  Tdns  and  bands»  fine-giamed,  and  consisting  maudy  of 
quartz  and  felspar,  are  not  uncommon  in  certain  places.  Coarse 
pe^matitic  veins  are  also  met  with  about  Ben  Starav  and  Ben 
Trilleachan. 

The  porphyrito  dykes  and  sills,  however,  so  numerous  and 
characteristic  in  the  Cruachan  granite,  ure  entirely  absent  in 
the  Glen  Etivo  mass.  Tliis  would  seem  to  imply  tliat  the  Cilen 
Etive  granite  is  of  later  date«  or  perhaps  of  about  the  same  date 
as  the  iwrphyrite  intrusions.  There  are  nevertheless  in  the 
neighbourhood  of  Ben  Starav  a  few  small  basic  dykes,  with  a 

feneral  N.W.  and  S.E.  trend,  of  a  rather  peculiar  rock.  Mr. 
'eall  remarks  that  thise  dykes  consist  of  rocks  of  a  very 
unusual  type.  A  specimen  from  Coire-nan-Lair,  on  tlie  southern 
side  of  Ben  Starav,  shows  under  the  microscope  green  pseudo- 
mornhs  after  oUvine,  idiomorphic  augito  (very  abundant),  brown 
basaltic  hornblende,  biotite  (same  colour  as  the  hornblende), 
felspar  (scarce),  magnetite,  and  sonic  nndetermincd  interstitial 
matter.  The  roek  is  a  kind  of  Hornblende- H!i>;»lf  Possibly 
it  may  be  eonnccted  with  some  of  the  more  ba.sie  luoditieations 
of  the  underlying  magma,  which  here  and  there  may  have  made 
their  way  to  the  sunace  during  the  later  dyke-forming  phase. 
Thus,  in  the  Kilchrenan  area,  one  of  the  later  sills  consists,  not 
only  of  the  normal  porphyrite,  but  also  of  a  basic  moditication 
(Svmiwtry  of  Progrem  for  1807,  p.  60)  whidi  consists  of  pheno- 
erysls  of  brown  hornblende,  plagioclasc,  and  malacolite,  in  a 
ground-mass  of  lath-shaped  plajgioclascs,  chlorite,  and  iron-ores. 
There  are  also  one  or  two  silE  on  Ben  Duirinnis,  above  the 
Bonawe  quarries,  consisting  of  a  rock  allied  to  the  camptonites, 
a  specimen  showing  under  the  microscope  large  aggregates  of 
hornblende  cry.stals  in  a  ground-mass  of  hornblende  needlis, 
felspar,  and  ir<»n-ores.  The  small  basic  dykes  in  the  Glen  Ktive 
area  may  possibly  represent  the  final  st^gc  of  the  igntjons 
activity  of  the  district,  after  the  tlivergent  ilillerentiation  had 
proceeded  to  its  final  extent  in  the  ma^a  which  constituted 
the  source  of  supply  of  the  various  intrusive  rocks. 

Tlie  granite  ot  the  B(;n  Cruachan  ty|xj  is  ever}  wlierc  well- 
(lt.'velo]H^'(l  in  the  Glen  Etive  area  outside  the  inner  (lien  Etive 
mass.  TIktc  is  not  much  more  to  bo  said  concerning  its 
minemlogiail  characters,  beyond  what  is  already  known  from  the 
more  typical  region  of  Ben  Cruachan  itself.  Occasionally  it  has 
a  slightly  foliated  structure  along  its  line  of  contact  with  the 
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Glen  Etive  mass,  but  this  is  not  nearly  so  well  shown  as  in  (Mr.  Kynas- 
Glen  Kinglass  {Op.  ciL,  p.  91).    Sometimes  the  pink  and  more  ^^■) 
acid  variety  is  well  exposed,  as  aloxig  the  ruigt  ut  Ben  Sguliaird, 
vhere  the  rock  is  identical  with  that  composing  the  upper 

Sirtion  of  Ben  Cruachan  itself»  and  a<'ain  about  the  sumnut  of 
eall  Odhar,  while  sometimes,  and  perhaps  more  frequently,  the 
more  hornblondic  variety  predominates,  and  the  rock,  as  at 
Bouawu,  partakes  rather  of  the  character  of  a  quart/  dioritu. 

J)iarit€8,  of  rather  more  basic  character,  occasionally  occur  as 
gill-Iike  intrusions  among  the  schists  outside  the  granite  area,  and 
similar  rocks  have  abroB^j  been  noticed  near  Glen  Kinglass  (Op. 
cit,  p.  92).  A  specimen  from  Coire  Cercail,  on  the  west  side  ot 
Glen  Ft  h  e,  is  a  coarse-Grained  rock,  almost  entirely  romposed  ot 
hornblende.  Under  the  microscope  large  individuals  of  horn- 
blende are  seen,  which  mutually  interfere,  together  with  a  small 
(quantity  of  turbid  felspar.  Apatite  is  more  abundant  and  occurs 
in  httfi^  individuals  than  in  tne  diorites  of  the  main  mass.  The 
Glen  linglass  rocks  of  this  type,  classed  rather  as  augite-diorites, 
show  large  individuals  of  pale  augite  partially  replaced  by  green 
hornblende,  biotite,  and  more  or  less  idioniorphic  zoned 
plagioclase.  Occasionally,  too,  there  is  some  interstitial  alkali- 
febpar  and  quartz. 

The  later  sill-like  intnisbiis  of  P<n^phyHte  are  exceedingly 
numerous  in  the  Cruachan  type  of  ^mte,  and  in  the  surrouna- 
ing  schists  throughout  the  Glen  Etive  area.  They  are  identical 
in  character  with  those  already  des<'ril)ed  in  previous  Bf/>orfs' 
from  other  areas  further  south,  and  they  mamtain  the  same 
general  trend. 

The  outer  boundary-line  of  the  granite,  where  it  comes  in 
contact  with  the  altered  schists,  is  sometimes  simple  and  well 
defined,  but  frequently,  on  the  other  hand,  it  is  exceedingly 
complex,  the  marginal  portion  being  inextricably  mixed  up  with 
numerous  hrokcn-up  strips  and  fi*agments  of  sediinentary 
material.  In  the  ncigliliourhood  of  Beinn  Fhionnlaidh,  to  the 
west  of  Glen  Etive,  a  rock  frequently  api>earb,  which  consists  ot 
an  intimate  mixture  of  alterea  schist  and  granite,  some  parts 
presenting  a  profusion  of  small  ^onsated  fragments  of  schist 
embedded  in  a  granitic  matrix,  ^metlmes,  too,  where  the 
granite  is  in  contact  witli  quartzite,  numerous  sniall  fragments 
of  quartzite  are  distrihuttnl  freely  and  closely  in  tlie  marginal 
portion  of  the  granite.  The  trairiiients,  however,  are  alwajs 
angular  and  sharply  detined,  and  show  no  signs  of  partial 
digestion  by  the  granitic  ma^a.  The  great  niunher  of  incmsions 
of  all  sizes  of  altered  schist  m  this  area  forms  a  striking  feature 
of  the  Cruachan  type  of  granite.  The  mode  of  intrusion  of  the 
granite  may  have  partaken  somewhat  of  the  nature  of  a  gignntic 
sill,  the  granitic  paste  forcing  its  way  under  pressure  aloii<:^  the 
cleavage  planes  of  the  sediments,  breaking  them  up,  and  tlowing 
lound  the  detached  fragments. 

In  connection  with  the  dykes  and  sills,  mention  should  be 
made  of  a  rather  unusual  type  of  quartz-porphyry,  which  occurs 
in  the  Cruachan  granite  at  Bealach  Oohar,  about  three  miles 
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{Mr.  Kjwtf*  east  of  T/^^li  Ktivo  head.    It  contains  \ar^c  pink  tel'^pnrs,  up  tO. 

ton.)  an  inch  in  ieiiglh,  siujilkT  wliiic  fflspars,  lath-shapod  hurnblendes, 

sonic  biotitc,  and  ainnW  gruius  of  uuurtz,  in  a  rather  compact, 
pinkiflh  fctlflpatlkio  matrix.  Now  this  rock  is  exactly  what  we 
should  expect  if  a  portion  of  the  niagma  which  consolidated  as 
the  coarse  Glen  Etivc  type  of  granite  had  been  intruded  into  a 
fi^^snrc  to  form  a  dyko  or  sill.  Tho  porphyritic  minorals  of  the 
sill  have  such  close  n  lationships  to  those  constituting  the  primary 
constituents  of  tho  Glen  Etivc  granite,  that  the  conclusion  can 
hardly  be  avoided  that  both  rocks  were  directly  derived  from  the 
same  nomogeneous  magma,  or  "  sub-magma  "  oi  the  general  source 
of  supply.  Tho  sill  in  question  is  very  near  the  margin  of  the 
Glen  Etivc  granite,  (about  half  a  mile  from  it,)  and  is  perhaps  an 
apoph3'sis  of  flic  main  mass  T'lose  relationships  may  also  be 
observed  Ijetweeii  this  sill  and  the  normal  poiphyrites,  which  are 
numerous  in  this  neigh  bo nrliood,  but  tho  relationships  are  rather 
those  which  have  already  been  noticed  as  holding  petween  the 
Glen  E^ive  and  Gruachan  granites.  Taking  these  relationships  and 
other  facts  into  considenition.  Mr.  Ktnaston  is  of  opinion  that 
the  period  of  intrusion  of  tho  f  lion  Etive  granite  would  correspond 
to  tno  latter  portion  of  ibo  dvke-  or  sill-forming  phase  oi  the 
various  intrusions.    Thus  the  chronologicid  order  would  be  ; — 

1.  Ben  Cruachan  Granite. 

2.  Porphjirite  dykes  and  sills. 

3.  Glen  Etive  QranUe  and  Qmri^c-Porphyry  dykes  and  sills. 

Contact  Metamorphism  around  the  Bek  Crvachak 

Gn  wiTE. — Reference  has  lieen  made  in  previous  pages  to  the 
alteration  of  the  .surrounding  i  'm  I^s  which  has  accompanied  the 
intrusion  of  some  of  the  younger  granites  of  the  Hij^hiands. 
The  huge  giauiiic  mass  of  Ben  Cruaclian  aftbrds  special  facilities 
for  the  study  of  the  phenomena  of  contact-metamorphism,  for 
not  only  does  it  contain  an  enormous  hody  of  eruptive  material^ 
but  the  Dalradian  sedimentary  formation  around  it  had  under- 
gone so  little  alteration  before  it  invaded  them  tliat  its  effects 
upon  them  can  be  satislaetorily  siuditd  over  a  wide  area.  8ome 
ol  Mr.  Kynaston  s  observations  on  this  interesting  subject  have 
appeared  in  previous  ReportSt  hut  his  work  last  year  has  led  hiip 
into  a  more  extensive  examination  of  the  influence  of  the 
granite,  as  explained  in  the  following  digest: — 

1.  L(H  h  A  tcc  disf  i-  'icf ,  Den-a-BJi  II  i-iiJJi ,  <i  ml  fhr  s(>vfh-«'Ch'<ft'r>i 
end  of  fJtp  Pons  (if  Hr<i ndfr. —  In  this  area  oertain  members  of 
the  "  Loch  Awe  Serie.s,"  on  being  tmeed  up  to  their  contact  with 
the  gi-anite  arc  found  to  have  undergone  considerable  contact- 
metamorphisro.  The  degree  of  alteration  increases  towards  the 
granite  in  such  a  manner  as  to  leave  no  doubt  that  it  has  been 
caused  by  the  direct  action  of  the  granitic  intrusion.  ITie  sedi- 
montnrv  rocks  here  oxposod  mav  ho  conveniently  divided  into 
the  tol lowing  groups,  though  no  Iiard-aud-fast  hue  can  be  drawn 
between  linypt  them : — 

(1.)  The  htmded  calcareous  series,  of  the  south-east  en4 
of  the  Pass  of  Brander.    These  rocks  are  espedall^  wdl 
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seen  in  the  neoghbourhood  of  the  Falls  of  Cruadian.  (Mr.  Kynu- 
Oooasionftlly  good  hands  of  pure  Hmestozie  are  intercalated  ton.) 

among  them. 

(2.)  The  black  schists,  of  the  south  and  south-eastern 
slopes  of  Ben-a-Bhuridh, 

(3.)  Quartzoae  schists,  gritty  beds,  and  qitaiizites,  of  the 
eastern  portion  of  Ben-a-Bhtmdh,  and  Monadh-Dnseag. 
Calcareous  beds  may  appear  in  either  of  the  last  two  series, 
and  black-schists  are  frequently  intercalated  with  the  more 
qimrtzose  beds. 

A  short  account  of  the  metaiuorphic  plienoitK'ua  m  the  iieigh- 
buuihood  ot"  Boiiiiwe,  where  fnirly  siniilnr  rocks  to  those  of  Ben- 
a-Bhuridh  also  oceur,  was  given  in  the  last  Samiiutry  of 
Progress,  and  special  attention  was  there  called  to  the  cordierite- 
beanng  homfefs  *  In  the  Loch  Awe  area  a  large  number  of 
specimens  of  altered  rocks  at,  and  at  various  distances  from,  the 
granite  contact,  was  collected  hy  ^\n.  Kynaston.  These  were 
submitted  for  inicrosco])ic  exauunation  to  Mr.  Teall,  wlio  has 
furnished  the  following  report  on  the  Uinded  calc^areuus  series, 
and  the  cordierite-beariug  rocks,  which  occur  in  this  area  also : — 

"  The^  rocks  of  the  '  banded  calaireoua  series '  were  evidently  (m,.  Teaii 
fine-grained  sedimentary  rocks,  in  which  the  relative  proportions  on  i^miied 
of  argillaceous,  arenaceous,  and  calcareous  materiid  were  liable  to  £j^ff**"* 
repeated  variations.    Subsccjuent  to  their  formation  they  must 
have  been  folded  and  cleaved,  so  that  the  orii;inal  laniinje  of 
arenaceous  and  calcareous  material  were  more  or  less  broken  up 
into  lenticular  folia.  Sometimes  the  different  types  of  sediment 
were,  as  it  as  ere,  kneaded  together  without  the  development  of 
any  well-defined  parallel  structure.   This,  however,  only  applies 
to  small  portions  of  tlic  sweimens.    Strain-slip  cleavage  is  often 
recopfnisiiljle  in  the  dark  Lands.    The  contact  action  appears  to 
have  been  subsequent  to  the  movement,  and  to  have  aestroyed 
to  a  great  extent  the  schistosity  produced  by  it. 

'*  Tne  rocks  are  now  fine-grained  or  compact,  and  consist  of  thin 
alternating  folia,  of  a  dark  ]3urplish,  and  pale  grey,  greenish,  or 
yellowish  colour.  The  dark  folia  represent  the  more  argillaceous 
lamina;  of  the  original  sediment.  Incy  are  now  largely  comp^s^-d 
of  a  confused  ai(L,n-cL(ate  of  micaciM)Us  and  cliloritic  Jiiinerals, 
amongst  which  the  characteristic  brown  imca  may  be  observed. 
In  one  or  two  sj^edmens  small  albites  occur,  as  they  do  in  some 
of  the  albite-schists ;  but  it  may  be  doubted  whether  this  mineral 
is  due  to  contact  action. 

"  The  light-coloured  folia  represent  in  most  cases  the  more 
calcareous  lamina?  of  the  original  sediments,  Tbey  are  rich  in 
minerals  of  the  tN^pe  usiudly  occurring  in  impure  limestones 
which  have  been  subjected  to  contact  actioa  A  colourless  or 
pale-green  |)yroxene,  and  a  colourless  garnet  are  the  two  most 
chanu^ristic  minerals,  but  epidote  ai^  hornblende  also  occur. 
The  pyroxene  is  usually  present  in  small  grains,  and  only 
occasionally  attains  dimensions  large  enough  to  show  charac- 
teristic cleavages  and  optic  properties.   Under  these  circumstances, 

*  On.  cit,  p.  88. 
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(Mr.  TeftU  it  is  not  always  ennv,  m  tlio  jibseiico  ot"  colour,  to  (listinguish  tlie 
anBatided    pyroxene  tVoin  a  nimeiul  oi  tlie  epidote-zoisite  ^oup. 

fi«riM.)  **  Where  ciiibunuluis  luivu  \xivn  preserved,  whieh,  however,  is 

rjjiroly  the  case,  a  narrow  zone  of  ijraniilar  pyroxene  may  be 
frequently  seen  soparating  them  quartz:  The  garnet  is 
colourless,  and  often  shows  the  anomalous  douhle-refiraction  of 
grossularite.  Like  the  pyroxene.it  forms  narrow  zones  round  a 
carbonato,  with  resjx^ct  to  which  it  is  idiomorphic. 

"  In  some  rooks  [e.f/.  8238]  epidote  takes  the  place  of  pyroxene, 
and  tln^  mle  yellow  folia  are  then  formed  of  cpi'dosite, — a  rock 
foiiUHjsea  of  epidote  and  auartx.  One  or  two  s[)ecimcns  contain 
large  crystals  of  apatite,  wnich  a|jixjar  lu  have  been  developed  in 
situ,  for  they  are  too  large  to  be  regarded  as  original  clastic 
constituents.  Sphene  is  sometimes  an  important  accessory,  and 
is  often  deeply  coloured  and  idiomorphic.  The  other  minerals,  of 
whieh  quartz  and  hornblende  are  the  most  important,  do  not  call 
for  special  notice. 

"  Ono «;pccimen  Ivelonpne  t(»  this  orou])  [8251]  i^of  ex^-eptional 
mteri'st.*  It  is  a  rtx-k  of  conipouinl  orii^nii,  consist iiii;^  ut  igneous 
an<l  .sedimentary  material  most  inlinialely  interblended.  Thin 
folia,  largeh'  composed  of  granitic  material,  may  be  seen  traversing 
the  bandedf  hornieb  of  the  normal  type,  parallel  to  the  banding. 
But  there  is  no  sharp  line  of  demarcation  between  the  two, 
although  the  granitic  folia  are  coarser  in  grain  than  those  which 
consist  of  sedimentary  material.  Under  the  micros(  n]X5  the  inter 
blending  of  tlie  two  khids  of  material  is  very  obvious.  To  the 
granite  must  1x5  referred  orthoelase,  oligoclase,  biotite  in  large 
plates,  and  some  of  the  quartz ;  to  the  sedimentary  rock,  biotite 
m  minute  scales  and  aggregates,  granular  p3rroxene,  and  the 
remainder  ot  the  quartz.  The  sphene  and  hornblende  probably 
also  belong  mainly  to  the  sedimentary  rock.  It  is  es|)ecially 
^vortliy  of  note  that,  although  the  ^anitic  folia  arc  only  two  or 
three  inillinn?tres  in  breadth,  the  individuals  are  as  lar^e  as  tliose 
occurring  in  ordinary  granite  (1  or  2  mms.).  This  eleiirly  shows 
that  the  whole  rock  must  have  been  subjected  to  the  physical 
conditions  imder  which  the  granite  consolidated.  The  granitic 
invasion  has  clearly  followed  oy  preference  the  calcareous  folia, 
for  the  granular  pyroxene  occurs  abundantly  as  inclusions  in  all 
the  granitic  minerals  except  tlie  l»iotite,  whereas  the  dark  purplish 
bands  of  biotite-hornfols  retain  tlt<  ir  normal  character,  and 
do  not  show  the  same  tendency  to  blend  with  the  granitic 
constituents. 

"  That  a  granitic  magma  should  possess  the  power  of  eating  up 
limestone  we  can  well  imdorstana,  but  it  is  doubtful  whether 
that  power  can  be  appealed  to  in  the  present  case  as  an  explana- 
tion of  the  facts  above  referred  to,  for  the  granitic  magma 

docs  not  appear  to  have  changed  its  composition.  It  is  now 
represeutea  by  the  same  minenus  as  those  oi  normal  granite,  and 


*Thia  specimen  was  obtained  at  the  granite  contact  from  the  ridge  due 
east  of  the  Cmacliaii  biim. 
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the  pyroxono  ot  the  cak -silicmte-hornfels  merely  occurs  as  inclu-  (Mr.  Teall 
sioiiH  in  these  granitic  minerals.    There  is,  therefore,  direct  evi-  on  Banded 
dence  that  the  linie  has  never  been  incorporated  in  the  ma^a.  g^Ji^!^"* 
Seeing,  however,  that  the  granite  of  the  district  is  associated 
with  qiiartz-diorites  and  basic  dioriics,  it  becomes  important  to 
ascertain  whether  these  rocks  may  be  due  to  the  absorption  of 
sedimentary  rocks. 

"  In  any  case,  we  are  here  dealing  with  a  rock  of  compound 
origin.  It  is  neither  an  igneous  rook  nor  a  sedimentary  rock,  but 
a  mixture  of  the  two. 

"  Attention  was  directed  to  the  existence  of  such  rocks  many 
years  ago  by  M.  Michel  Levy,*  who  recognised  two  types.  In  the 
one  the  granitic  material  has  been  so  to  speak  superposed  upon 
the  sedimentary  rock,  so  that  the  contact  matenal^  float  in  a 
cranitic  matrix  (superposition).  In  the  other  type  tlic  injection 
has  ttiktui  place  between  the  lolia  (injection  lit  pur  Jit ').  Both 
these  types  are  represented  in  this  specimen.  The  granitic 
material  nas  penetrated  the  sedimentary  rock  between  the  thin 
bands  of  biotite-homfels,  and  L  i  s  moreover,  superposed  itself  to 
some  extent  upon  the  bands  of  calc-silicate-liornfols,  so  that  the 
contact-pyr<^xene  occurs  iia  inclusions  in  the  orthoclase,  ohgoclase, 
and  quartz  of  the  granite  " 

Professor  Lacroix,  to  who.su  observations  on  the  granite  of 
the  Pyrenees  reference  has  already  been  made  in  connexion  mth 
the  diorite  of  Ben-a>Bhuridh,  has  also  described  cases  in  associa- 
tion with  contact  phenomena  very  simiUr  to  that  now  under 
con8ideration.f  He  describes  passages  between  schists  impreg- 
nated with  granite,  and  j:franito  iTTiprognnjed  with  schist,  and 
says  that  felspathisation  of  the  schists  has  been  caused  (a)  by 
imbibition,  (b)  by  injection — ic.  hy  granitic  material  injected 
between  the  laminie  (injection  "  lit  ^ar  lit "). 

In  the  banded  calcareous  senes  of  the  Pass  of  Brander 
bands  are  frequently  met  with,  sometimes  a  fcAv  feet  in  thickness, 
of  more  or  less  pure  limestone.  This  material  is  found  to  be 
converted  into  a  finely  crystalline,  nearly  Avhitc  or  jrrcvish  mnrble 
(Cipolin).  A  specimen,  one-sixth  of  a  mile  from  the  ^Tanite, 
from  the  ridge  east  of  Cruachan  Hiiro,  is  a  crysttdlinc  granular 
aggregate  of  calcite,  with  some  irregular  grains  of  diopside,  and  a 
few  flakes  of  mica. 

The  Black  Schists  are  found  near  the  granite  to  he  altered  into  (Mr.  Teaii 
dark  compact  homfels,  in  which  ^uartzose  lentides  are  .  often  gJ^^^J^^^**^ 
present.  Where  arenaceous  material  has  been  interlaminated 
with  argillaceous,  a  more  or  less  compact  hf)rnfels  h;is  rcsidted 
witli  strongly-marked  dark  and  pale,  or  sontciimes  reddish  hands. 
A  specimen  of  the  altered  black  schist  from  the  south  side  ofiien- 
a-Bnmidh,  is  a  dark  compact  homfels  with  quartzose  lenticles. 
Mr.  Teall  reports  that  under  the  microscope, "  the  dark  homfels 
is  seen  to  be  thickly  ciowded  with  black  opaque  particles  and 


*  Siur  leg  Schifttea  Hieaofo  des  Enyiions  de  8aint-L6on  (AUier).  JMi,  Sae, 

Oeol.  France^  1881,  J^*.  181-196. 
t  Lacroix.    Op.  cef.,  p.  6. 
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(Mr.  T.mll  patrhps.  The  substratum  in  which  those  particles  Ho  is  crvstal- 
on  the  Black  line,  but  the  iiiin»THls  aro  not  easy  ti)  identify.  Ani  'M  'st  them 
^^^^  are  two  col()urK's.s  miuoraLs  which  dirter  markedly  in  their 
refractive  indices,  and  one  of  which  may  he  felspar.  The  quartzose 
lenticles  are  aggre<;ates  of  quartz  with  films  and  patches  of  a  jmle 
oolouied  biotite  often  occurring  in  small  scales.  Tlio  distribution 
of  these  fihns  shows  that  tlie  rock  was  puckered,  and  in  some 
eas(^s  the  Hhiis  may  l>e  tmeed  as  inchTsions  thmupfh  comparatively 
largo  individuals  of  quartz,  thus  prn\  iug  that  to  some  extent  at 
least  the  crystallisation  was  subsequent  to  the  nioveniunt. "  Mr. 
Teall  is  inclined  to  think  that  the  two  doubtful  minerals  are 
felspar,  and  a  pale  biotite.  If  so,  this  would  bring  the  rock  into 
relation  with  the  altered  black  schist  of  the  Braemar  (Glen 
Callater)  area. 

A  dark,  compact,  banded  hnrnfcls,  from  the  snnth  side  of  the 
Pass  of  Brander,  shows  strain-slip  eleava'^r,  and  was  doubtless 
origiimlly  composed  of  alternating  gritty  and  argillaceous  layers. 
The  former  are  now  composed  ofquartz  grains  and  minute  scales 
of  chloritic  and  micaceous  minerals.  The  aTgillaceous  layers  are 
mainly  composed  of  chloritic  and  miciiceous  minerals,  amongst 
which  brown  mica  may  V>e  recognised.  The  ert'ect  of  the  contact 
action  has  been  to  destroy  to  a  great  extent  the  previous  schist osity 
of  the  rucks.  Some  n-ddish  V»ands  which  occur  in  the  liornt'els  ot 
this  type  consist  of  a  grauulilic  aggregate  of  quartz  and  turbid 
felspar,  while  epidote,  zircon,  and  sphene  occur  as  accessories. 
These  bands  prooably  represent  lamiuie  of  a  fine-grained  feispathio 
sandstone. 

(Mr.  Teall  TYiq  C<yr(lier it €-hearin(j  rocks  which  occur  among  the  altered 
RoSwoo^**  sediments  (quartzose  schists,  biotito-liortvfels,  «S:c.,)  of  the  eastern 
taming  and  northern  portions  of  Monadli  1  )i  is(';ig,  at  the  Imck  of  Loch 
Comndum.)  Awe  Hotel,  have  been  carefully  studied  by  Mk.  Teall  who 
furnishes  the  following  rejwrt  regarding  them : 

Another  very  interesting  type  of  metamorphic  rock,  is  charac- 
terised by  the  presence  of  conlierite.  This  type  is  represented  by 
medium-grained,  often  bluish-grey,  fairly  massive  rocks,  of  which  a 
specimen  from  the  north-east  side  of  \fonadh  Driscag  [8254]  may 
be  selccLeil  as  a  typo.  1  iider  tli*'  microscope  one  sees  an 
aggregate  of  colourless  inin«irals,  in  whieh  lie  detached  .scales  and 
nests  of  biotite,  and  patches  crowded  with  small  gniins  and 
imperiect  crystals  of  a  grcHjn  spinelle.  The  colourless  minends 
are  cordierite,  alkali-felspar,  and  oligoclase.  The  individuals  vary 
in  size,  often  measuring  one  or  two  mrns.  across,  but  rarely  show 
any  trace  of  orystalHno  form.  The  cordierite  contains  biotite, 
often  in  nu'nuie  rounded  scales,  spinelle,  and  zinon.  as  inclusions. 
It  is  difficult  in  an  ordinjiry  slide  to  distinguish  in  all  cases  the 
felspar  from  the  cordierite,  as  both  have  approximately  the  same 
refractive  and  double-refractive  power.  The  characteristic  yellow 
plcochroic  halos  surrounding  the  zircons  in  the  cordierite  are 
then  the  most  usofid  means  of  distinguishing  between  the  two 
minerals.  Rut  if  a  thin  slice  be  heated  on  platinum  foil,  a  change 
is  nroduced  in  the  cordierite.  The  pleochroic  halos  disappear, 
and  a  &int  yellow  colour  seen  best  in  one  position  of  the  pokriser 
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is  developed  all  over  the  mmeral   This  faint  general  nleochroism,  (Mr.  T6«U 

producecf  by  heating,  is  not  so  marked  as  that  of  the  halos,  l)ut  ^^^J^g^^®"** 
IS  sufficient  to  distinpiish  the  cordit^rito  from  the  felspar,  which  ta'ining^" 
remains  ahsolntelj  colourless.    In  this  way  it  can  be  snown  that  Conuadam.) 
lialf,  or  ix)ssibly  even  more  than  lialf  of  the  entire  rock  is 
composed  of  cordierite.    Of  the  felspars,  orthoclase  is  the  most 
abundant.  Pyrite  oocuis  in  grains,  and  as  irreffular  masses 
"wedged  in  between  the  other  constituents.  Quartz  oas  not  been 
obsored  in  th»  spedmen  selected  as  a  type. 

"  The  occnrrence  in  a  slide  [8254]  of  this  rock  of  one  or  two 
colourless  grains  with  very  hiL,di  refractive  and  moderate  double- 
refractive  power,  led  to  a  search  for  cartwd u  >n,  which  proved 
successful.  The  coarsely-powdered  rock  was  treated  for  about 
forty -eight  hours  with  hyorofluoric  acid,  and  the  residue  boiled 
with  nitric  acid  to  remove  the  pyrite.  As  the  microscope  disclosed 
the  presence  of  some  corroded  frai^ments  of  andaliisite,  the 
powoer  was  placed  in  mothyleno-iodidc  of  sp  pr  S  ^MT).  The 
nnal  residue  was  then  found  to  consist  of  eorundiiiii,  green 
spinelle,  and  one  or  two  crystals  of  nitile.  The  corundum  occurs 
in  irregular  grains  and  crystals  up  to  3  nnu.  in  diameter.  The 
crystals  show  a  tendency  to  a  tabular  form,  with  hexagonal 
outlini^s  (nee  Plate  I).  Those  which  are  lying  flat  on  tho  slide, 
and  which  show  this  outline,  appear  dark  under  crossed  nicois, 
and  give  as  a  rule  m  negative  uniaxial  figiirc.  Parallel  st nations 
in  three  directions  at  right  angles  to  the  sidrs  of  the  hexagon 
may  frequently  be  observed.  These  are  in  most,  if  not  in  all 
cases,  due  to  repeated  alternations  of  the  rhombohedral  and 
basal  planra,  in  which  the  latter  usually  predominate.  In  this 
way  a  stair^like  termination  to  the  hexagonal  prism  is  often 
produced." 

The  crystals  represented  on  Plate  I.  have  been  drawn  by  Mr.  Gilbert 
Williams  direct  from  tJtf  T«icr(»s(V)p<».  No.  1  .shows  a  <  i y.stal  which  is  well 
develoi)ed  on  the  right  hand  side^  Faces  of  the  hexagonal  pri.sm  (ll^oX 
the  inimitiye  rhombobedron  (1011),  and  the  basal  plane  ((XX)l)  can  be 
definitely  recognised. 

No.  2  llhistrate-i,  in  a  very  perfect  manner,  the  step-like  arrangement  on 
the  basal  plane  due  to  the  altei  iiate  development  of  this  face  and  the  faces 
of  a  ihombohedron.    This  grain  rontains  inclusions  of  spinelle. 

No.  3  is  a  flat  crystal  honndfd  l>y  tin-  facis  of  the  pri.sm  and  .sliowing  on 
its  ba.sal  plane  the  well  known  rhomlMjhedral  striations,  which  are  also 
teen  in  No.  6. 

No.  4  represents  one  of  the  more  irregular  forms  with  rounded  angles 
and  transverse  grooves.    It  is  evidently  a  jKirtion  of  a  rude  hexagonal  prism. 

"The  forms  observed  are  those  of  a  hexagonal  prism  (1120),  a 
rhombohedron  ( 1 01 1 ),  ami  tho  hasjil  pinacoicl  (0001 ) — a  cliarac- 
teristic  combination  fur  corimdma,  and  one  commonly  seen  in 
the  Burma  rubies  and  Montana  sapphires.  The  steep  pyramidal 
planes,  so  cliamcteristic  of  the  Ceylon  and  Kashmir  sapphires 
and  the  common  conmdums  of  Madras,  have  not  been  observed. 
Inclusions  of  green  spinelle  and  cavities,  usually  irregular,  but 
sometimes  in  tnc  form  of  negative  crystals,  are  not  infreqiient. 

"  Other  specimens  nf  the  cordierite-hornfcls  difter  from  the 
type  in  the  relative  pi^  •{>  jitions  of  the  ditferent  constituents,  in 
tue  presence  of  i^uarU,  bometinies  considerably  abundant,  and 
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(Mr.  TcaII  to  a  certain  extent  also  in  structure.    One  specimen  [7618]  is 

on  cvirciierite  especially  interesting  as  fiirmshing  conclusive  evidence  as  to  the 

tjUnSg^^"  relative  ai,^  of  the  crystallisation  of  the  cordierite  and  the  move* 

Corandam.)  ments  ^  lii  li  have  so  powerfully  affected  tho  sedimentary^  rocks 


of  the  dist  rict  .  Apart  from  a  few  large  jxit<  lies  of  pynte  and 
flakes  of  biotite  ('4  nnii  ).  this  rock  is  composed  of  extremely 
minute  opaque  grains  and  ) dates  (ilraenite  Ol-02  mm.)  scattered 
through  a  graimlitic  a^giegate  of  cordierite,  quartz,  andalusite, 
and  rclspar.  Sometimes  the  grains  of  cordierite  attain  a  con- 
siderable size,  and  then  the  section  loses  its  granulitic  character* 
Sericitic  mica,  zircon,  and  rutile  occur  as  accessory  constit\ients. 

"  The  distribution  of  the  minute  opaque  particles  clearly  shows 
that  tlio  rof^k  was  puckered  with  the  occasional  development  of 
strain-slip  cleavage,  but  this  puckering  has  had  no  eftect  whatever 
on  the  cordierite,  or  on  the  other  colourless  constituents.  All 
these  in  their  present  form  have  heen  clearly  developed  since 
the  movement  took  place. 

"Tills  rock  is  interesting  from  another  point  of  view.  Puckering 
of  tho  ty\)o  hero  rovenlod  is  only  known  m  phyllitos  and  slates — 
tliat  is,  in  rocks  whi(;h  were  originally  fine-gramed  sediments  rich 
iu  argillaceous  material  Out  of  such  sediments  the  cordierite- 
bearing  rocks  have  doubtless  been  formed,  the  alkali  of  the 
micaceous  minerals  going  to  form  felspar,  while  some,  or  all,  of 
the  magnesia  present  combined  with  alumina  and  silica  to  form 
cordierite.  The  poverty  of  this  rock  in  micaceous  minerals,  so 
common  in  the  pliyllites,  is  thm  explained,  and  the  simultaneous 
formation  of  cordierite  and  alkali-felspar  is  accounted  for. 

"  In  the  Explamition  oj  Sheet  76  of  the  Greological  Survey  ot 
Scotland  (1896)  a  general  account  of  the  characters  and  distribu- 
tion of  the  cordierite-bearing  rocks  of  Scotland,  so  fiur  as  these  were 
known  at  the  time,  was  given.  Since  that  date  Mb.  Babbow  has 
sent  up  another  sorics  from  Sheet  65  (Aberdeen  and  Forfar). 
They  present  many  points  of  resomblance  to  the  rocks  above 
deserilxid.  Tliero  is  the  same  association  of  cordierite,  andalusite, 
biotite,  and  a  green  spinelle,  with  a  variable  amount  of  quartz 
and  fekpar;  but  the  rocks  are  coarser  in  grain  and  always  con- 
tain silumanite,  sometimes  also  garnet.  One  of  these  rocks 
[7085],  containing  cordierite,  sillimanite,  andalusite,  felspar,  biotite, 
ilmonito.  and  the  green  spinelle,  was  analysed,  and  the  analysis  is 
qnottHl  as  throwinir  Hpflit  on  the  composition  of  the  original 
sediment.  It  agrees  reniark.al)ly  with  the  aiialy.sis  of  a  cordierite 
contact-rock  from  Monte  Aviolo,  described  by  SaL(.»mon,  which  is 
quoted  for  comparison. 
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T.  Cordierite^gneiaa,  from  the  north  end  of  Black  Hill,  Aberdeeiuhire.  (Mr.  Teal) 
[Teall.]  qh  Cordierito 

II.  Cordierit-contactfels,  Monte   Aviolo.     **  GeologiBche  und  Petro-  Kocks  con- 
praphische  Studien  am  Monte  Aviolo,"  VOB  W.  SALOMON.   JSeit.  DtwUch.  tainin^- 
G€(d.  Getell.y  1890,  p.  302.  Coruniiuju.) 

"The  principal  difference  bftwppii  the  two  analyses  lies  in  the 
greater  amount  ot"  alkali  in  I  lie  Scottish  rock.  But  Salomon 
states  tiiat  his  specimen  was  specially  selected  on  account  of  its 
containing  very  little  felspar  and  less  biotite  than  the  average 
rocks  of  Uie  group ;  so  that»if  an  average  rock  had  been  selected, 
the  agreement  might  lia\ c  been  still  closer. 

"Tne  close  correspondence  between  the  cordierite-bearing  rocks 
of  the  Ben  Cruachan  area  and  those  of  Monte  Aviolo  is  especially 
interesting,  becaust^  in  both  cases  the  granitic  rock  is  of  the  same 
t3rpe.  It  IS  a  tonalite  or  quartz-mica-diorite,  rather  than  a  true 
granite. 

"lliere  is  another  point  of  some  interest  which  deserves 

mention  in  this  connection.  In  the  Explanation  to  Sheet  7o 
(Scotland)  special  attention  was  directed  to  a  rock  of  compoimd 
origin  Iteloneing  to  this  group  '  The  igneo\is  portion  is 

reprr"-ented  by  more  or  less  idiomorphie  oliLroelase,  biotite,  raicro- 
puikiiitic  orthoclase,  and  quartz  ;  tha  luetaaiorphic  portion  by 
cordierite,  quartz,  biotite,  sillimanite,  and  a  green  spinellc.  The 
rock  into  wnich  the  granitic  magma  was  mtruded  is  now  repre- 
sented by  somewhat  ill-defined  shreds,  {mtches,  and  streaks,  m  a 
paste  of  igneous  origin'  {ic,  p.  87).  It  is  not  possible  to 
aisrinLTnisli  i'^noous  from  sefliTiifntary  material  in  the  Ben 
Cruachan  specimens,  nevertheless  something  of  the  same  kind  as 
that  above  referred  to  may  have  taken  place,  especially  as  there 
is  direct  evidence  that  this  has  been  the  case  with  the^  bands  of 
pyxoxene-homfels  in  the  'handed  series.'  We  thus  see  that  the 
cordierite-beaiing  contact-rocks,  which  always  belong  to  the  inner 
zones  of  contact  metamorphism,  and  often  oeenr  at  the  actual 
junction,  are  peculiarly  liable  to  he  invaded  by  iirneous  ^jnaterial 
and  more  or  less  broken  up.  Salomon  de.scri))es  inclusions  of  the 
cordierite  rocks  in  the  tonalite  of  Monte  Aviolo,  and  concludes 
from  the  occurrence  of  garnets  and  large  ciystals  of  biotite  in  a 
zone  surrounding  these  inclusions,  that  the  composition  of  the 
tonalite-magma  was  modified  by  the  absorption  of  some  of  the 
contact  material. 

"Under  these  circumstances  it  is  particularly  interesting  to 
note  that  cordierite,  in  association  with  the  same  minerals — 
sillimanite,  green  spinellc,  orthoclase,  plagioehtse,  etc. — occurs 
frequently  in  tiie  ejected  blocks  of  the  £iacher  See*  and  as 
inclusions  in  the  anaesites  and  less  freauently  in  the  trachytes  of 
the  Eifel  and  Siebengebirgef.  Mineral  aggregates  of  cordierite, 
andalusite,  sillimanite.  fdspnr,  biotite,  pleonaste,  corundum, 
rutile,  quartz,  garnet,  zircon,  and  magnetite,  bearing  the  closest 

*  "  MikraskopLsche  Untersuchnng  der  aua  krystalliniechen  Qesteinea 
herriihrenden  Aiiswiirflin^c  des  T.a;ulier  See«";  von  Carl  Dittmar. 
r«rA.  d.  XcUurh,  Vereims.   Bonn.  1887,  p.  499. 

t  Beitrage  zor  Keontnias  der  IVachyt  und  Basaltgesteine  dea  hdien  Eifel. 
Carl  Yogelaang.  Zeit.  deutech.  geol.  Qesell.  1890,  p.  1. 
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(Mr.  Te&n  resonibliince  to  the  contact-rocks  of  Monto  Aviolo  and  Ben 
on  Conlierite  Cruaclian,  occur  as  fra^nnents  and  '  schlicren '  in  the  horn- 
SoJ^"*  blendf  ajidosito  of  l^nrkshorg  and  Hcniirensfeld  in  tho  Eifel 
Coronaam.)  ( Vo'^ulnang).  Tho  hagiiitJiits  are  usuully  rounded,  but  soiue- 
tiuKs  angular.  They  may  atUiin  a  dianieter  of  Ocnis.,  while 
the  '  schhorun  '  may  bo  lOcms.  in  length.  The  laiver  frafrments 
are  often  easily  separable  from  the  matrix,  but  tne '  scUieren ' 
may  bo  most  intimately  blended  with  it.  These  inclusions 
vary  in  size,  and  arc  often  so  small  as  to  be  oidy  recoenisable 
tinder  tlie  mifroscopp.  It  snems  impossible  to  avoid  tnc  con- 
clusion tlial  we  sec  in  the  pru<"ess  \\-hich  £foe.s  on  at  tlie  contact 
oi  plutonio  rocks,  the  agency  by  which  iuclusiuiis  of  the  knid 
described  by  Vogelsang  are  introduced  into  igneous  maemas 
and  it  is  oertamly  remarkable,  though  possibly  on^  an 
ac<idcntal  coincidence,  that  the  homblcnde-andesites  of  tho 
£ifel  should  bo  tho  volcanic  representatives  of  a  tonalite  magma 
similar  to  that  which  formed  the  masses  of  Monte  Aviolo  and 
Ben  Cruachan, 

"  This  is  not  the  place  to  enter  upon  a  general  discussion  of 
the  natural  history  of  the  cordierite>bearing  rocks,  but  one  or 
two  remarks  may  rterhaps  bo  permitted.   The  mineral  occurs  in 

many  igneous  rocks  such  as  granite,  quart z-folsite  (Cornwall), 
liparite,  kersjintite ;  and  although  in  some  of  these  it  is  clearly 
not  the  result  of  crj'stallisation  from  the  normal  igneous  ninf^nua, 
in  others  it  |)i)ssesses  all  the  characters  of  a  mineral  so  torined. 
This,  for  example,  is  the  case  of  the  cordierite  of  the  kersantit© 
of  Michaelstein  in  the  Hartz,  where  it  occurs  in  idiomorphic 
crystals.  Nevertheless,  a  doubt  is  suggested  as  to  whether,  even 
in  this  case,  it  can  be  regarded  as  a  mineral  belonging  to  the 
igneous  Tnngnia.  for  the  ro<  k  in  which  it  orcnrs  contains  numerous 
inclusions,  niatlc  up  of  siUimanite,  andalusite,  kyanile,  spiuelle, 
and  other  niiiicrals.  usually  associated  with  cordierite  in  contact 
rocks  and  crystalline  schists.  Moreover,  tlie  mineral  itself  con- 
tains spinelle  as  inclusions.  It  seems  probable  therefore  that  in 
some  way  or  other  the  presence  of  cordierite  in  the  kersantite  of 
Michaelstein  is  due  to  the  inHuence  of  the  contact  rocks  upon 
the  igneous  magma,  in  which  case  it  must  be  regarded  as  an 
endomorphic  contact  mineral. 

"  Apart  from  tho  .somewhat  rare  and  sporadic  (x  curronce  ok 
cordierite  in  ejected  blocks  and  igneous  rocks,  we  tind  the  mineral 
in  crystalline  schists  of  doubtful  origin,  and  in  contact-rocks. 
Its  mode  of  origin  in  the  latter  case  is  fairly  clear.  It  has  been 
produced  by  the  metamorphosis  of  sedimentary  rocks,  containing 
argillaceous  material.  ifie  presence  of  2  or  'A  ptT  cent,  of 
majjTTiesia  is  common  in  slates  and  shales,  and  as  8  per  cent,  of 
miu(nc.sia  is  sufficient  to  muku  about  liO  per  cent,  of  cordierite, 
when  combined  '.ith  siUca,  alumina,  ana  iron,  it  is  clear  that 
rocks  of  this  tvpe  furnish  the  necessary  chemical  conditiona 
Do  these  facts  throw  light  on  the  origin  of  tlie  crystalline  schists 
containing  cordierite  —on  the  origin  of  the  coroierite^gneisses  ? 
It  is  probable  tliat  tlu  v  do,  ospe('ially  whtn  taken  in  connection 
with  the  evidence  of  the  tendency  of  the  igneous  g»Agnift.s  tQ 
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invade,  and  even  impregnate,  the  rocks  of  the  inner  contaot>zone.  (Mr.  Teaii 
Suppose  the  phenomena  of   ractaiuorphism,  injection,  ^'^^l  fj^^^jj^** 
impregnation,  ^vhich  mnst  have  taken  place  round  the  Cruachan  t^ni,,  f**"' 
mass,  to  be  int4)nsified  and  accoinmnica  by  plastic  deformation, —  Corundum.) 
have  we  not  then  a  rational  explanation  of  the  origin  of  many 
of  the  complex  groups  of  crystalline  schists  wliicn  cannot  be 
definitely  classed  as  tne  metamorphosed  representatiyes  of  either 
igneous  or  sedimentary  rocks  ?  "* 

Allusion  has  already  been  made  to  a  large  mass  ot  epidiorite  The  Epidi 
which  Mr.  Kyxaston  has  found  on  the  nppcr  part  of  Rcn-a-  JS^Jiti^V' 
Bhuridh  and  in  the  corries  to  the  north-east,  as  an  inclusion 
within  the  granite.  A  jgeneral  description  of  the  rock  wjis  also 
given  from  his  notes  m  the  Summary  of  P^'ogresa  for  1897 
(pp.  90, 91).  The  exact  degree  of  alteration  which  this  epidiorite 
hafl  undergone  owii^  to  the  granite  intrusion  is  very  ditHcult  to 
ascertain,  owing  to  the  great  amount  of  variation  in  tlio  rock- 
mass.  Thus,  along  its  southern  and  south-east (tu  borders  it  is 
exceedingly  rich  in  hornblende,  while  towMrds  the  opnosito 
margin  it  is  extremely  ielb|)athic,  often  showing  iittle  or  no  horn- 
blende to  the  naked  eve. 

In  the  cra<^'s  above  Allt  Mhoile  the  sill  is  exposed  as  a  grey, 
more  or  less  foliated  rock,  with  indications  of  porphyritic 
felspars.  Under  the  microfloope  [8258]  Mb.  Teall  has  observed 
"a  few  large  and  more  or  less  turbid  phenocnsts  of  plagioclase, 
often  with  irregular  bordi-rs,  in  a  ground-mass  of  micro- 
crystiiluue  (juartz,  felspar,  biotite,  and  iroa-ores.  There  are  also 
two  or  three  patches  of  micropoikilitic  hornblende."  The  rock 
is  well  expopdd  also  in  the  Allt  Mhoile  bum  as  a  ^re^,  fine- 
grained gneissose  schist.  Under  the  microscope  smular  ill- 
defined  pnenociysts  ctf  plagioclase  arc  seen,  as  in  the  preceding 
specimen.  The  p*ounQ-mass  consists  of  a  granular  aggregate  of 
quartz,  orthoclase,  plagioclase,  biotite,  and  hornblende,  with 
spbene,  iron-ores,  and  sometimes  augite,  as  accessories.  The 
augitc  occurs  as  cores  in  the  patches  of  hornblende,  which  is 
compact  and  often  micropoikilitic.  One  specimen  has  a  yein- 
like  portion  running  through  it,  which  does  not  show  under  the 
microscope  any  sharp  line  of  demarcition  between  the  two  types 
of  rock,  lint  contains  a  fair  amount  of  orthoclase.  This  would 
suggest  an  admixture  of  granitic  material. 

Specimens  wt^re  also  examined  by  Mr.  Teall  from  one  of  the 
small  sills  on  the  south  side  of  Bcn-a- Bhuridh,  outside  the  main 
mass  of  the  granite.  About  a  mile  from  the  contact  with  the 
granite,  the  rock  is  a  normal  foliated  epidiorite,  with  epidote  and 
chlorite,  and  shows  no  signs  of  contact-action.  At  a  third  of  a 
mile  from  the  jn^anite-contact  lirown  uiica  is  very  characteristic, 
and  the  rook  is  very  hard  and  compact,  but  otherwise  it  does 

*  Since  this  account  of  the  Argyllshire  rocks  \va>  written  an  important 
paper  by  Dr.  Morosfwh-z  has  appeared  (Ts(  heniuik,  .\fnt.  }fiffh.  vol.  x^-iii. 
(1898),  pp.  1-90  and  105-240),  in  which  some  ot  the  concluaions  expressed 
shove  are  more  or  leas  anticipated  and  graatly  strengthened  by  experi- 
mental xeaeareh. 
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The  Epidi-  not  differ  markedly  from  many  of  the  epidiorites  of  the  neigh- 
mites.  (Mr  bourhood.  So  far  it  has  not  been  possible  to  procure  actual 
KyoMton.)    intact  specimens  of  any  of  these  smaller  sills. 

2.  Glen  Etive  Area. — The  mapping  of  this  area  has  not  yet 
proroeded  far  pnoiii^h  to  give  any  very  conohisivo  rosiilts  with 
regard  to  the  beliaviuur  of  tlic  scdimontjiry  roi  ks  outside  the 
margin  of  the  Cruachau  ty^xj  ul  gruniti-.  Specimens  ot  the  series 
of  pmkish  gneissio-Iooking  rocks  p.  7U),  from  the  "Ppcr 
portions  ^  some  of  the  bums  draining  the  western  side  of  Glen 
Etive,  are  described  by  Mr.  Tball  as  fine-grained,  grey,  gneissose 
homfels.  Under  the  mieroscoix),  a  slide  is  seen  to  consi.st  of 
quartz.  andaUisito  (microiM:)ikilitic),  white  mica,  biotite,  and 
mai,'iu"titc.    One  specimen  [82(19]  contains  cordierite. 

A  s|xjcimeu  of  tlie  garnetiierous  micii-scbist  from  Clach-nan- 
Meirleach,  about  half  a  mile  from  the  granite,  is  described  by  Mr. 
Teall  as  a  schistose,  micaceous  hormels,  with  large  patches  of 
biotite  which  sometimes  lie  across  the  foliation."  Under  the 
microscope,  we  see  "  quartz,  biotite,  white  mica,  and  magnetite. 
The  main  mass  of  the  rock  is  Tnarkedly  foliated,  but  the  folia 
sometimes  wind  roimd  non-folialed  patches  composed  of  the  same 
constituents,  but  with  more  magnetite.  Tliese  patche.s  are  pro- 
bably pseudomorphs  after  garnet."  Occasionally  [8271]  these 
patches  **  enclose  cores  of  unaltered  garnet  It  seems  probable 
that  the  rock  was  originally  a  gametiferous  raica-schist,  that  the 
garnets  were  more  or  less  decomposed,and  that  the  rock  was  then 
subjected  to  contn<  t  mctamorphism." 

There  is  thus  conclusive  evidence  of  very  decided  coniact- 
action,  wherever  the  ground  immediately  bounding  the  Ben 
CSraachan  type  of  ffranite  has  so  far  been  examined.  In  the  Pass 
of  Brander,  and  the  area  bounding  the  eastern  spurs  of  Ben 
Gruachan,  this  action  is  shown  by  Mr.  Te.\ll's  detailed 
rcscarchns  to  have  been  ^'v^'cedingly  intense.  The  sedinicntar}' 
roclc^^  may  be  followed  from  their  comparatively  unaltered 
coudiuon,  as  in  the  neighbourhood  of  Kilchronan  and  otlior 
jjarts  of  Lochiiweside,  into  the  various  varieties  of  hornfels,  some 
containing  cordiorite,  of  the  Pass  of  Brander  and  slopes  of  Ben>a- 
Bhuridh.  The  homfels-alteration  of  similar  rocks  with  pro- 
duction of  oordierite  is  again  found  to  hn\  e  t  aken  place  along 
the  granite  mart^in,  in  the  neighbourhood  of  Honawc,  and  along 
the  western  slo|)es  of  the  Ben  l)uinnnis.  on  the  north-west  side  of 
Loch  Etive  (Sannaart/  of  Pr<t(jris>!  t'or  1897,  p.  80),  and  a 
cordieritc-horufels  has  also  been  observed  in  the  Glen  Etive  area. 
In  this  latter  area,  however,  the  contact-zone  is  not  so  well 
marked  as  it  is  further  to  the  soutli-west,  since  evident!}^  here 
the  sediments  had  undeigone  the  action  of  the  forces  of  dynamic 
metamorphisin  to  a  far  i^roatcr  dc'jrce,  and  were  alrfady  in  the 
coTidiliou  of  highly  crystalline  sclusts  previous  to  tlie  intrusion  of 
the  granite.  It  is  true  that  our  knowledge  of  the  district  is  by  no 
means  complete,  so  that  it  would  be  premature  at  present  to  enter 
into  a  discussion  of  the  relative  enects  of  the  metamorphosing 
forces  which  have  atfcctcd  the  rocks.  AVhatever  these  may  have 
been,  there  can  hardly  be  any  doubt  that  the  different  varieties 
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of  hornfels  above  dcscribod  owe  their  peculiar  and  characteristic  The  Epidi- 
features  directly  to  the  roin;u  t  action  which  took  place  at  the 
time  of  the  intrusion  of  the  lieu  Cruachan  granite. 


Isle  of  Airan. 

The  remaining  area  of  Old  Red  Sandstone  mapped  by  the  Gmui.) 
GeolcM^cal  Survey  during  the  past  year  in  Scotlana  lies  in  the 
islanaof  Arran,  where  Mk  Gukn  dbb  been  engai^cd  in  continua- 

tion  of  tbo  field-work  described  in  previous  AnntuU  Rejxn'ts. 
A  belt  of  Old  Red  Sandstone  sweeps  across  the  centre  of  the  island 
to  the  west  coast.  Near  Doucfrie  on  that  side  it  seems  all  to 
belong  to  the  lower  division  of  the  formation,  charat;terised  by 
thick  bands  of  coarse  quartzite-conglomerate,  alternating  with 
red  and  purple  sandstODes.  The  total  thickness  of  these  strata 
amounts  to  sevemi  Uioufland  feet  The  coarse  conglomerates  are 
unusually  thick  on  the  hill  called  Garbh  Tliorr,  near  Monyauil. 
Good  exposures  of  the  rock  are  to  be  seen  in  the  old  sea-cliffs 
south-east  of  Donprrie,  where  tlio  beds  dip  south-south-west  at 
high  angles  and  are  in  places  vertical 

Tn  the  course  of  the  field-work  of  last  season  Mr.  Gukn  has 

made  the  discover}'  that  near  Auchcncar  this  group  of  the  Lower 
Old  Red  Sandstone  ineludcs  a  vulcanic  platform.  He  has  traced  a 
baud  of  lava  eastward  tur  about  two  and  a  hall  miles,  as  far  as  to 
the  north-west  side  of  Garbh  Thorr,  and  found  it  everywhere 
apparently  underlying  the  main  mass  of  the  conglomerates,  while 
the  strata  below  it  consist  princijmlly  of  sandstones.  Where  this 
lava  appears  at  the  surface  it  is  largely  amygdaloidal  and  of  an 
andesitic  character,  tlioui^h  the  lower  part  of  it  is  in  places 
compact  and  seems  more  Uisic  than  the  rest.  The  l)est  section 
has  been  cut  by  the  Auchcncar  Burn  about  seventy  y.irds  east  of 
the  moor  fence,  where  a  thickness  of  from  fifty  to  sixty  leet  of 
the  volcanic  material  is  exposed.  Hie  rock  is  amygdaloidal 
above  and  compact  below.  As  the  lava-sheet  is  nearly  vertical  it 
occupies  but  a  narrow  strip  of  ground,  and,  moreover,  is  a  good 
deal  concealed  by  drift.  Still,  traces  of  it  may  be  (lotected  in 
several  places  to  the  eastward,  and  unmistakable  outcrops  of  it 
occur  to  the  north  of  a  conglomerate  hill  called  Baniorlach,  and 
likewise  to  the  north-west  of  Garbh  Thorr,  where  the  band 
seems  to  be  thicker  than  in  the  Auchencar  Bum. 

In  the  conglomerates  aV>ove  this  volcanic  zone  pebbles  of  an 
andesitic  rock,  which  have  probably  been  derived  from  the  lava, 
are  oommoa  Not  improbably  the  volcanic  material  was  exten- 
sively denuded  before  and  during  the  formation  of  these 

ooncflomerates.  The  discovery  of  this  band  increases  the  number 
of  tiie  volcanic  horizons  in  Arran  to  at  least  five:  two  in  the 
Old  Red  Sandstone  and  three  in  the  Carboniferous  system ;  while 
to  these  must  be  added  the  great  series  of  much  younger  (probably 
Tertiary)  mtrmuvo  rocks. 
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South  Wales. 

(Mr.Ctatrill.)    In  the  fe>survoy  of  the  South  Wales  coal-fietd  portions  of  the 

surrounding  tracts  of  Old  Red  Samlstono  rcnjuire  to  be  mapped 
in  order  t  >  •  >tnpieto  the  sheets  of  the  one-inch  map.  During 

last  year  Mu.  Caxtiuli,  was  engjiged  upon  this  work  in  the 
district  whicli  oxt<'iuK  tVoni  th«^  valley  ot  the  Ncdd  to  that  of 
the  Twnrh.  Though  il  mainly  lies  on  a  dip-slojx;  that  drains 
southwards,  this  district  includes  the  headwaters  of  the  rivers 
Senni,  Crai,  and  Sawddo,  which  rise  on  the  north  side  of  the 
escarpment  of  the  Fans. 

The  lowest  bods  of  the  Old  Red  Sandstone  whi(  h  come  to  the 
surface  in  this  area,  coiisist  of  Siuidstones,  sliales,  and  marls, 
usually  ifi'een,  hut  occasionally  didl-red.  \.it]i  f:;Torn  or  red 
congloniuratic  cornsloncs.  Tlicy  are  exposed  in  Glyn  Senui, 
Cwm  Crai,  and  Blaen  Tawe,  while  on  Cetn  Cul  some  of  the 
green  sandstones  have  been  quarried  for  roofing,  paving,  etc.  The 
up^x3r  limit  of  these  green  strata  is  somewhat  mdefinite,  and  the 
series  scorns  to  belong  rather  to  the  upper  arenaceous  division  of 
tlio  Old  Red  Sandstone  than  to  the  lower  part  of  that  formation, 
in  whirl  1  red  marls  predominate.  Above  the  green  Ixxls  lies  a 
grciit  thickness  of  red  sandstones,  shales,  and  marls,  with  thin 
rcil  calcareous  bands  at  rare  inlervals.  These  strata  form  the 
great  scarp  of  which  Fan  Gihirych,  Fan  Hir,  and  Fan  Sir  Gaer  are 

Erominent  points.  In  their  low(>r  ^mrt  they  include  some  inco- 
erent  quartz-conglomerates,  well  seen  m  ar  Ll\m  y  Fan  Fawr, 
while  at  about  50  feet  from  their  top  a  pciibly  grit  runs  near  the 
top  of  the  scarp  ot  Fan  ( iihirych,  and  at  the  top  of  that  of  Fan 
Hir,  where  some  of  its  pebl>les  are  as  lari^-e  as  lien's  oggs. 
Conglomerates  were  first  met  with  at  this  horizon  in  the  liepste 
valley  {Summarif  of  Pnxjress  for  1897,  p.  95);  the  peboles 
consist  almost  whollv  of  vein-quartz. 

The  highest  subdivision  of  the  Old  Red  Sandstone,  the  "  grey 
grits  and  conglomeratr  s,"  almost  disappears  a  little  west  of  the 
l  af  fa\s  r,  as  pn  vion.sly  reported,  but  in  Cwm  Byfre  it  is  24  feet 
thick,  and  it  exists  also  in  the  vallevs  of  the  Hatt'os  Giedd,  and 
Twrch.  In  (  Jlyn  Tawe  and  two  other  valleys  hutlier  west  it 
b  clearly  seen  '^to  be  superimposed  upon  and  not  replaced  by 
the  red  conglomerates  described  abova  As  has  been  mentioned 
in  former  AmntuU  Refxyrtn,  the  strata  of  this  subdivision  re- 
srmblo  some  qiiartz-ron^donierates  which  are  int  erst  ratified  in 
the  linu'storu',  jind  tliurelore  siiir'-Tcst  a  transition  from  the  Old 
Bed  Sand.stoiie  into  the  Carbonilerous  system. 

On  the  south  side  of  the  Coal-held  Mil.  Camkill  has  mapped 
a  small  anticlinal  tract  of  Old  Bed  Sandstone  on  Stalling  Down, 
ea.st  of  Cowbrid<^e,  where  red  sandstones  and  grits,  with  quartz- 
pebbleSf  belonging  to  the  upper  part  of  the  formation,  are 
exposed. 

Devonian. 

The  re-survey  of  the  covuilies  of  Devon  and  Cornwall  has 
involved  a  re-examination  of  the  Devonian  rocks  which  are 
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YQStricted  to  that  part  of  tho  United  Kingdom.  In  Devonshire  d«voji  An(i.. 
the  stratigraphy  of  these  rocks  has  heen  worked  out  hy  Mr. 
UssHER  as  far  as  possible  on  a  liasis  of  palpeontological  evidence,  y^er!) 
But  large  aruas  in  tliat  county,  and  still  more  in  Cornwall,  have 
not  yielded  any  organic  remams,  so  that  the  geological  position 
of  the  sedimentanr  rocks  is  by  no  means  absolutely  determined. 
On  the  published  Survey  maps  the  general  bodv  of  strata  has  been 
coloured  as  Devonian,  but  it  may  be  eventually  possible  to  show 
that  they  include  masses  of  much  older  date.  In  the  meantime 
it  is  most  convenient  to  keep  the  whole  series  under  the  old 
name  until  more  precise  information  on  the  subject  has  been 
obtained. 

Mil  Usshbr  has  prosecuted  the  revision  of  the  western  margin 
of  Devonshire  ana  the  eastern  borders  of  Cornwall,  in  uie 
dtsttict  between  Princetown  and  Gunnislake.   He  has  been 

engaged  upon  Up^r  Devonian  slates,  schalstcins,  and  "  green- 
stones."  together  with  tracts  of  Culm -measures  and  granite. 

In  this  district  the  Upjx;r  Devonian  strata  consist  of  fine- 
grained slates  normally  of  a  pale  greenish  colour'  They  are 
traversed  by  planes  of  achistosity  frequently  horizontal 
and  very  seldom  inclined  at  high  angles.  Tliis  tendency  to 
horizuntality  in  these  planes  is  the  rule  throughout  tho  groimd 
to  tlio  west  oi  l)!ntmoor.  Tt  is  also  apparent  in  the  volcanic 
rocks  and  Culm-measiucs,  in  which  the  teii(lency  to  present  more 
or  less  horizontal  planes  is  due  to  the  sharp,  irregidarly  zig- 
zagged structure  of  the  smaller  folds.  The  bedoing  may  therefore 
be  m  realitv  more  or  less  vertical  in  the  limbs  of  innumerable 
repeating  folds  which  cannot  be  actually  traced. 

The  Upper  Devonian  slates  are  exceedingly  imfossiliferous ; 
obscure  oi^nic  remains  were  detected  by  Mr.  Ussher  in  only  one 
or  two  places. 

The  relation  of  the  Devonian  slates  to  the  vokanic  rocks 
and  Culm-measures,  even  where  the  rocks  are  visible  at  the 
8ur&ce,  is  obscured  by  &ult8,  so  that  no  actual  succession 
can  anywhere  be  obtained  in  the  area  rt  t  t  ntly  surveyed. 
Within  the  aureole  of  nietamorphism  round  the  granite  the  Imes 
of  boimdary  between  the  several  groups  of  rock  are  hardly 
.  capable  of  precise  delineation.  Vicwini?  the  evidtnec  obtained 
from  other  districts,  and  taking  what  scums  to  be  the  most 
probable  inference  from  the  complex  character  of  the  Tavistock 
volcanic  area»  Mb.  Ussheb  is  disposed  to  regard  the  volcanic 
rocks  as  most  probably  intermediate  between  the  Upper  Devonian 
formations  and  the  Culm-measures.  The  earliest  eruptions  may 
have  begun  in  flic  Tapper  Devonian  jx^n'od,  but  tlie  main  part 
of  the  volcanic  history  was  probably  cx)utemporaneous  with  the 
lower  portion  of  the  Culm-measurcs. 

The  volcanic  rocks  of  the  Tavistock  area  consist  of  more  or 
less  vesicular  schalsteins,  the  vesicles  being  often  fiUed  with 
calcite.  With  these  bands  a  little  compact  greenish  limestone  is 
locally  associated,  apparently  near  the  base  of  the  series,  as  if 
the  calcareous  material  represented  Tapper  Devonian  limestone, 
deposited  in  intervals  between  tho  earliest  outtlows  of  lava 
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Devon  and  Examples  of  this  association  of  calcareous  matciial  arc  visible  by 
(  '(.rnwRii.  the  River  Tavy,  on  the  south  sido  of  Abbey  Bridge,  Tamtock, 
uL'uen)^*  W.N. W.  of  TaAHstock,  near  the 

aeoonct  milestone  at  the  turning  to  Laogford.    This  point  is  of 

considL'ral>1o  interest,  especially  in  connection  with  tlie  orig-in  of 
the  curious  and  ox'-eptionid  rock  (2764)  descrilK-d  l»y  Mk.  Teall 
{AnnH4(l  Urpvrt  (*/  the  OetAi^gienl  Sun'^'f/  for  l8U<i,  p.  52).  That 
rock  may  iHirhaps  have  owed  its  origin  and  composition  to  the 
mingUng  of  basic  volcanic  dust  with  calcareous  detritus  on  the 
floor  of  the  sea. 

At  and  near  Tavistock  tlie  association  of  liard  dark»  sometimes 

cherty  Cuhn-mcasurcs  witlj  the  voUanic  rorks  'is  so  intimate  as 
to  suufgcst  that  lenticular  }>atches  of  the  one  kind  of  rock  have 
been  mtcrstratiticd  in  the  other,  but  the  zi^zap^  InddiM;^  stnu  ture 
renders  thii>  supposition  rather  doubtful,  lor  ihc  utiect  might 
have  been  produced  by  the  truncation  of  sharp  plications.  jBe 
this  as  it  may,  tlicre  b  every  reason  to  conclude  that  the  volcanic 
rocks  with  their  associated  dark  basement  Culm  Ix^ds  and 
schistose  greenstones  liave  hcen  converted  in  part  within  the 
aureole  of  in«'t aim »rphisui  round  the  granite  into  sueh  ty]>es  jis 
have  hvcn  described  by  Mr.  Teall  {Sou.  27G2,  27G3,  and  27 65 
in  the  Aunaul  Report  above  cited,  p.  52). 

Cox  Tor  Moor  eichihits  masses  of  altered  ffreenstone<(Tabbro)and 
varieties  of  the  hard  rocks  mentioned  in  3ie  mme  Re^nn't{^.  51). 
For  these  hard  ro*  ks  and  their  different  varieties  it  is  proposed 
to  employ  the  terra  *  IVak  ITill  rocks,"  as  they  form  that  summit 
on  the  border  of  Dartmoor  near  Dousland.  Althoucrh  thev  were 
for  the  first  time  petrographieally  discriminated  and  described 
in  the  Geological  Surveys  Annual  Reuort  for  1896,  these 

riidiar  rocks  had  already  been  aUuaed  to  by  the  late 
Champerxowne  and  described  on  his  MS.  map  of  Brent  as 
"  porcellanized  rocks."  Since  1893,  the  occurrence  of  rocks  of 
this  nature  near  15rent,  Wranijaton  fKiiiLrsh ridge  Road).  Ivv- 
bridge,  and  Corn  wood  lias  been  a  source  of  periilexity.  owing  to 
the  apparent  intercalation  of  inconstant  biiiius  among  Upper 
Devonian  Slat(  s  in  a  railway-cutting  south  of  Brent  {Annual 
Report  for  1895,  p.  7),  and  to  the  occurrence  of  a  similar  colloca<- 
tionin  the  upper  part  of  a  .slate -cpiarry  2\  railes  east  of  Tavistock. 
These  appearances  mii^ht  be  explained  l)v  contortion,  but  if,  as 
there  seems  now  to  Ik-  little  reason  to  I  ula,  the  Peak  Hill  rocks 
are  altered  representatives  of  the  volcanic  series  and  basement 
Culm-measures  of  Tavistock,  the  local  association  of  bands  of 
volcanic  rock  with  fine  calcareous  matter  in  the  uppermost  part 
of  the  Upper  Devonian  Slates  need  cause  no  surprise.  It  is 
confidently  anticipated  that  the  detailed  investigation  of  the 
rocks  of  the  Tavisto(^k  area  in  the  field  will  yield  interesting 
results  and  enable  the  |X'troffrnpher  to  identify  the  origintu 
volcanic  or  sedimentary  materials  of  e\  ery  variety  of  the  Peak 
Hill  series  which  is  so  well  displayed  aroimd  the  greenstones  oi 
Cox  Tor. 

Coninai.  The  advance  of  the  revision  of  Cornwall  has  unfortunately 
(Mr.  J.  B.    )|^n  retarded  by  the  continued  ill-health  of  Mb.  J.  R  Him 

Hill*) 
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This  officer  was  able  during  and  after  his  convalescence  to  map  CorawalL 
some  of  the  ground  left  by  him  incoHi^)leLe  in  Argyllahire  when  iMr.  J.  B. 
he  was  transferred  to  England,  and  which  it  was  desirable  that 
he  sbmild  pat  In  order  for  his  successor  there.  He  was  thus 
pieTented  nom  resuming  active  field-vork  from  Fahnouth  as 
his  centre  until  the  end  of  August.  But  as  he  had  the  advantsffe 
of  admirable  clifV-sections  in  his  immediate  nci^dibonrhood,  he 
was  able  before  the  end  of  the  year  to  make  considerable 
procuress  in  the  study  of  the  compUcated  structure  of  that 
r^ion. 

IfR.  Htu.  has  DOW  mapped  m  detafl  the  coast-line  from 
Oerrans  Bay  to  the  Helford  Biver,  a  strip  little  more  than  ten 
miles  in  length,  but  broken  up  by  so  many  creeks  that  the  com- 
paratively small  area  has  allowed  of  the  mapping  of  over 
thirty  miles  of  coast-sections.  From  that  coast-strip  as  a  base 
line  the  work  has  been  pushed  into  the  interior  as  far  as  the 
short  available  working  season  would  permit. 

On  reference  to  the  old  geological  ma{»  it  will  be  seen  that  the 
aiea  in  question  oonmiences  at  the  divisional  line  intended  to 
separate  Devonian  from  Silurian  formations.  The  coast-seotkm 
of  the  area  coloured  Silurian  alonij  tiie  northern  shores  of  Gerrans 
Bay  has  also  been  examined,  and  it  Tuay  be  stated  briefly  here 
that  no  Rtratigraphical  break  exists  there,  but  that  the  strata 
coloured  Devoiiiau  can  be  traced  uninterruptedly  iuto  those 
coloured  Silurian. 

The  section  between  Gerrans  Bay  and  the  Zoze  Point  consists 
of  a  series  of  blue  slates  with  numerous  alternations  of  harder 
beds  contain iTi'jf  a  variable  quantity  of  sandy  material,  and 
showing  every  gradation  from  a  sandy  slate  to  n  strong  grit. 
These  strata  extend  eastward  into  the  arwi  wliieii  has  been 
coloured  Silurian.  The  appearance  of  limestones  at  Gidley  Well 
and  the  fossiliferous  quartzite  at^  Game  serve  to  indicate  the 
apj^arent  incoming  at  another  division  of  the  stratigraphical 
senes,  Uiough  there  is  no  evidence  for  drawing  here  a  sharp 
divisional  line  to  mark  off  two  distinct  geological  formations. 

For  convenience  of  reference  the  strata  on  the  north  side  of 
Gerrans  Bay  which  have  been  coloured  Silurian  will  be  referred 
to  in  the  following  pages  as  the  "  Ver^an  beds/'  and  the  slates 
immediateljr  to  the  west  of  them  which  have  been  coloured  as 
Devonian  will  be  cited  as  the  "  Portscatho  slates."  Besides  these 
two  divisions,  two  other  series  will  be  mentioned,  one  of  which  De 
la  Becho  described  as  the  variegated  slates;  the  other  will  be 
referred  to  as  the  Mylor  series.  The  divisions  succeed  one 
another  from  east  to  west  in  the  following  order: — 

1.  Voryan  Beds. 

2.  Portscatho  Slates. 

3.  Variegated  Slates. 

4.  Mylor  Series. 

(1)  The  Veryan  Beds,  consisting  of  bliio  slates  niixod  with 
thin  lim^tones  and  a  well-marked  (juartzite,  strike  into  Gerrans 
Bay,  and  have  not  again  been  met  with  in  the  area  now  to  be 
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Cornwall.  descni>€<l.  Beds  siinilttr  iu  eharnctor.  however,  make  their 
(J^'J'K.  appearance  on  the  coast  south  ut  iho  Helford  Kiver,  near  the 
'  am  Point.  These  beds  are  probably  the  soutb-westem  extODaioii 
of  tlio  Veryan  Bods,  and  they  appear  to  oeouny  the  same  relative 
position  to  tlie  Portscatho  Sones  as  the  Veryan  Beds  do  at 
(Icinms  Hay:  luit  any  further  aeeonnt  of  this  part  of  the  series 
will  be  riiservt'd  until  ultrr  a  more  detnile^l  examination  of  the 
Veryan  Beds  and  their  eonolutiuu  with  ilie  strata  south  of  the 
Helford  lliver,  which  will  be  undertaken  next  season, 

(2)  The  Portscatho  Slates  succeed  the  Veryan  Beds  to  the 
westward,  and  can  be  traced  along  the  coast-Hne  southwards  to 
the  St.  Anthony  peninsula,  and  their  south-westerly  prolongation 
is  met  with  niram  on  the  cotist  of  Falmouth  liay  opposite. 
They  consist  oi'  l)hie  slates  with  a  variable  admixture  ot  sandy 
and  tine  gritty  Iwiiids. 

{li)  The  Variegated  Slates  which  bound  the  Portscatho  scries  on 
the  westward  are  well  seen  at  St  Mawes,  but  still  better  in  the 
excellent  section  V)etwcfu  r(  ii(!<'nnis  Castle  and  Swanpool.  The 
prevailing  blue  colour  ot  the  Portscatho  beds  has  disappeared  and 
IS  replar-od  bv  tints  tliat  vary  from  j^reen  to  grey  and  nuft',  though 
blue  argillart  (MIS  l>ands  are  still  to  be  sctii  auioiii?  them.  Tne 
Strata  consist  o{  alternations  of  argillaceous  and  tine  sandy 
xnaterial,  the  colour  vari^  ing  with  the  character  of  the  sediment ; 
hence  the  ^neral  variegated  appearance  of  the  series.  The 
weathering  is  eoually  characteristic;  the  beds  become  extremely 
friable,  esj)eeialiy  tlmse  of  a  sandy  nature,  and  weather  into  a 
deep  butt' colour.  On  the  whole  the  material  Is  finer  than  in  the 
Portse^atho  sci  ius,  tlie  coarsor  y-rit-beds  of  that  series  Ik  Iul;  liere 
entirely  absent.  Within  the  Variegated  Slates  a  narrow  zone  of 
sharph'  contrasted  purple  and  green  slates  has  been  observed  at 
St  Mawes  and  in  the  large  dry  dock  at  Falmouth.  This  zone 
is  only  a  few  yards  in  breadth,  and  has  not  been  noticed  save  at 
these  lociilitics.  It  has  been  found  of  value,  however,  as  an  aid 
in  correlating  the  variegated  slates  of  Falmouth  with  those  of  St. 
Mawes  whicn  are  se]>aiate(l  by  the  Carriek  Roads,  a  sheet 
of  water  more  than  u  mile  broad.  Tlie  Variegated  Slates  of  St. 
Mawes  contain  less  of  the  buff  sandy  material  tnan  the  Falmouth 
section,  and  are  only  marked  off  from  the  Portscatho  series  into 
which  they  gradually  merge  by  a  prevailing  [)ale  grecTiish  hue. 

(4)  Tlio  M  vior  Scries,  tli(^  most  westerly  of  tlie  foin-  divisions 
into  which  the  slates  of  this  part  of  Cornwall  ha\e  l»een  provi- 
sionally div'd  'd,  ap|K'ars  on  the  south-wt  st  side  uf  the  Variegated 
beds,  and  has  been  traced  in  the  Falmouth  urea  ri«^ht  up  to  the 
boundary  of  the  granite.  It  is  veiy  well  seen  m  the  coast 
sections  of  Penryn  Creek  between  North  Parade  and  fioyer's 
Cellars  ;  also  in  Mylor  and  Hestronguet  Creeks.  Its  westerly 
h'tnit  outside  the  granite  area  has  not  yet  bccTi  ascertaineo. 
It  consists  of  dark  blue  and  black  argillaceous  and  iinv  quart- 
zo.'^e  Ik-hIs.  These  strata  often  have  a  tine  striped  or  riltbon-like 
appearance,  due  to  the  very  fine  alternations  of  tiny  seams  of 
varying  material.  These  thin  lamime  are  either  ajtemations  of 
mliceous  and  argillaceous  material,  or  in  some  cases  the  differently 
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Cotour<^  laminfl?  are  all  aririllf^cf^^n<^,  but  paler  and  darker  in  Cornwall, 
colour,  those  with  most  siliceous  material  weathering  j>aler  than  ^' 
the  more  purely  argillaceous  !>eams.  Their  most  characterihtic 
fSoaturOj  however,  is  the  presence  of  fragments  clearly  de- 
rived from  the  mass  itsetf,  which  forms  the^  matrix  that 
enciofles  them.  These  {ragmeatB  Bometimes  attain  a  len^h  of 
five  or  six  inches,  and  they  graduate  downwards  to  the  size  of 
small  pcbblos  As  a  rule  they  show  httle  sign  of  attrition,  the 
larger  fragments  being  usually  quite  angular;  the  smaller  are 
sub-angular,  but  sometimes  even  perfectly  rounded.  Thcv  consist 
hoth  of  argillaceous  and  of  siliceous  material ;  the  latter,  however, 
18  moat  conamon,  as  it  has  offered  greater  resistance  to  the 
processes  of  disintegiation.  The  Large  number  of  argillaoeous 
n-agments  and  the  general  absence  of  rounding  may  be  taken  as 
indicating  that  these  materials  have  been  transpTtod  hut  a  short 
distance.  The  detritus  is  not  unitbrnily  distributed  over  the 
series,  in  many  places  it  is  rare  or  may  even  be  absent  altogether; 
and  in  such  cases  it  is  often  difficult  to  be  certun  that  particular 
beds  belon^if  to  this  series;  hat  careful  search  will  usuall}^  reveal 
some  other  characteristic,  such  as  the  presence  of  zones  with  the 
very  fine  rapid  alternations  of  siliceous  and  argillaceoTis  material. 
On  account  of  the  uneven  cliaractcr  of  the  material  in  this  series 
the  slaty  cleavage  is  not  so  perfect  as  in  the  other  divisions. 

Occasional  instances  of  pebbles  derived  from  the  contem- 
poraneously formed  slates  may  be  ob8»?ed  in  the  Vari^ted  and 
rortscatho  series;  uid  at  Kosemullion  a  bed  occurs  two  or 
three  feet  in  thickness,  which  is  practically  a  boulder-bed  not 
unlike  those  in  the  Dalradian  series  of  Argyflshire  and  rcrthshire. 
The  pebbles  are  well  rounded  and  vary  in  size,  some  attaining  a 
length  of  three  inches,  lliey  are  made  up  of  a  hard  sandy 
material,  precisely  similar  botH  in  colour  and  composition  to  the 
matrix  in  which  they  are  mbedded.  This  ciuuacter  being 
common  to  all  the  divisions  is  another  evidence  for  linking  them 
together  in  one  continuous  series  forming  part  of  one  of  the 
g^cat  geologicjil  formations. 

It  was  pointed  out  in  the  account  of  the  Cornish  rocks  given  in 
the /S^f/'m mar  ?/  of  Progress  for  1897(whicli  dealt  almost  entirely  with 
the  Portscatho  series)  that  the  slates  everywhere  showed  evidence 
of  intense  foldii^  axul  pudcerings,  accompanied  by  innumerable 
minor  £gui]ts.  Smiilar  evidence  was  met  with  last  year  in  all  the 
members  of  the  group.  •  Not  only  do  the  sections  of  Ciich  scries 
atibrd  ainpli^  instances  of  such  plication,  but  the  .application  of 
zonal  mappmg  to  the  sintrs  hn>-  hron^dit  out  tlio  tact  that  the 
large  stratigraphical  divisions  are  thcmst;lvt's  intcrfolded  with  one 
another.  In  this  way  the  ForUscatho  Slates  and  tlieVariegated  Slates 
have  been  repeated  in  Falmouth  Bay  by  folding.  The  Variegated 
Slates  which  succeed  the  Portscatho  series  uninterruptedly  at 
St  Mawes,  after  being  lost  beneath  Falmouth  harbour,  make 
their  appearance  again  on  the  Pcndcnnis  penin^'il:i  sriccccding 
the  Portscatho  slates  near  Pcndcnnis  Castle.  Tliu  jiuiction  of  the 
two  series  can  1x3  followed  to  tin;  south-west,  and  is  seen  on  tlio 
cotust  midway  between  i'emiauce  I'oint  and  Swanpool  beach, 
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Cornwall.  whcrc  the  vanot^tcd  series  stretches  into  the  interior ;  while  the 
(Mr.  J.  B.  Portscatho  hcAs  lyiniT  to  the  cast  ot  thciii  can  bo  tractxi  alune 
^^'^  the  coast  as  f:ir  as  Macnporth.   There,  however,  the  V'ariegatea 

bedii  ouiiie  oii  again  on  the  wist  side  of  the  Portscatho  Slates,  and 
after  an  outcrop  a  quarter  of  a  mile  in  width  make  way  onoe 
more  for  the  Portscatho  Beds,  which  are  continued  along  the 
entire  section  to  the  Holford  River.  A  thin  well-marked  band  of 
the  VfTrioL^'itcd  series  has  also  been  hrotij^ht  up  agsiin  near 
Pennance  Point,  but  at  no  very  great  distance  from  the  l)ou!Kiary  of 
the  main  band.  From  their  agreement  in  strike  and  their 
inclusion  ot  the  band  of  purple  and  green  slates  already  alluded 
to,  there  can  be  little  doubt  of  the  identity  of  the  Variegated 
Slates  at  St.  Mawes  with  those  of  Pendennis.  The  coast-sections 
between  the  Veryan  Beds  at  Gerrans  Bay  and  the  Variegjited 
Slates  at  St.  Mawes  are  so  continuous  that  it  may  he  confidently 
believed  that  the  Variegated  Slates  at  Pcnnance  Point  and  Maen- 
porth,  which  are  situated  on  a  geological  horizon  east  of  the 
Variegated  Slates  at  St.  Mawes,  are  not  represented  m  the  section 
between  St.  Mawes  and  Gerrans  Bay,  but  that  these  bands  haye 
"nosed  out"  by  folding  before  reaching  the  St.  Anthony  penin- 
sula, at  whicli  they  strike.  The  Maenporth  Vari^ated  and 
Portscatho  Slates  are  tlie  repetition  by  foloing  of  the  main  bands 
that  pass  throui^di  Fahnouth. 

Minor  folds  and  faults  may  bo  detected  in  a  careiul  study  of 
the  cosst-seetions  of  any  of  the  groups,  although  the  inclination 
of  both  limbs  of  each  fiud  being  generally  in  the  same  direction, 
the  plication  is  not  so  conspicuous  as  in  a  region  of  well-marked 
anticlines  and  synclines.  Probahly  for  this  reason,  the  enormous 
amount  of  folding  in  the  Cornish  slates  has  not  liitherto  appa- 
rently been  suspected,  and  thus  erroneuu.s  nnpresslon.s  have  neen 
formed  tis  to  the  thickness  of  the  strata.  Sections  wiLiiout 
evidence  of  folding  are  rarely  continuous  for  any  distance,  and  as 
far  as  observation  nas  gone  there  appears  to  be  as  much  folding 
in  one  series  as  in  another.  Perhaps  the  coast  betwoc  ii  Fahnouth 
and  Swanpool  offers  one  of  the  most  conspicuous  illustrations  of 
folding  and  minor  faults.  Altornation  in  nmtorial  of  the  sandy 
and  argillarcons  beds  of  the  variegated  series  has  there  produced 
irregularity  in  the  folds,  according  to  varying  capacity  of 
resistance  to  pressure,  which  the  variegations  in  co&ur  admirably 
bring  out.  1  oldings,  crumplings,  £Etuits,  and  strain-slips  are  so 
intermingled  among  these  strata  that  the  detailed  structure  is  too 
intri^  ;itf'  to  be  unravelled  on  a  map. 

The  iniaor  folds  and  pnckerings  are  well  bron«jfht  out  in  the 
Mylor  Series,  wliere  the  tine  alternationsof  siliceous  and  argillaceous 
material,  together  with  the  inclusion  of  fragments,  have  offered  a 
less  tmiform  resistance  to  pressure  than  the  ordinary  slates  have 
done.  Hence  has  arisen  a  set  of  strains  and  structures 
more  complicated  than  where  the  slates  are  uniform  in  character. 
Moreover,  the  rock  is  often  full  small  thrust -planes,  with  a 
tendency  to  a  .secondary  cleavage,  while  little  movement-planes 
appear  m  the  core  itseli,  as  in  the  Highland  schists,  with  accom- 
panying strain-slip  cleavage.   The  cleavage-planes  pass  through 
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the  axes  of  the  minute  folds,  whieh  often  ciilniinato  in  small  ComwftlL 
thrust-planes  The  strain-slip  cleavage  is  often  as  prominent  as  ^ 
the  domiiuhnt  deayage  of  the  oeds. 

Quartz- veins  are  abumltint  over  the  entire  succession  of  groups 
of  strata,  but  they  are  most  abundant  in  the  Portscatho  Slates, 
and  least  so  in  the  Mylor  Series.  They  show  a  tendency  to 
diminish  in  number  to  the  westward    Most  of  them  share  in  the 

foldiiitrs  niid  ernmplint^,  and  many  of  them  are  full  f if  transverse 
cracks.    Thev'  appear  to  Ih«  most  numerous  where  faultin<:j  is  most 

J>revalent.    They  have  turuLslied  the  greater  part  of  the  material 
or  the  various  shiugle-heaches  that  occiu:  alon^  the  coast,  as  well 
as  those  of  the  older  raised  beaches  of  the  distnct 

The  beds  over  the  whole  area  surveyed  have  a  more  or  less 
uniform  dip  to  S.E.,  but  in  a  district  so  folded  it  is  hardly  safe  to 
consider  the  ohserved  dips  as  more  than  inchnations  of  the  limbs 

of  folds.  The  eleavajT^e  is  usually  slightly  oblique  to  the  strike, 
and  the  ])eds  are  rarely  so  uniform  in  character  that  the  hoddinp;' 
cannot  also  be  ascertauied.  The  eleavaf^e  and  folding  appear  to 
have  been  the  result  of  movements  proceeding  from  a  airection 
between  £.  and  S.E. 

The  district  is  singularly  devoid  of  organic  remains.  Except  in 
the  Yeryan  Beds  no  fossils  have  been  discovered,  with  the  sohtaiy 
exception  amongst  the  \  lor  slates  at  Penryn  River,  where,  out  of 
numerous  specimens  sliced  for  examination  under  tin- microscope 
by  Mr.  F.  J.  Stfphkxs,  a  few  slides  were  reported  to  have  con- 
tained Radiolaria.  The  V'ei  yan  lUds  are  noted  for  the  di.scovery 
by  the  late  Mr.  C.  \V.  Peach  of  what  have  Iw^en  regarded  as 
Lower  Sihuian  fossils  in  the  (piartzite  bed  at  Came.  These  fossils 
consist  mainly  of  small  speuiroens  of  OHhis.  Many  of  the  lime* 
stones  from  tne  same  locality  have  l)een  sliced  for  nucroscopic 
examination  by  Mu.  Howard  Fox,  and  although  found  to  con- 
tain encrinital  and  other  remains,  these  have  proved  to  be  of 
too  fragmental  a  nature  to  afford  detinite  ]>al;iontiilogiral 
evidence  of  their  geological  age.  Mr.  Fox  has  also  found  and 
described  Radiolaruv  in  certam  cherts,  and  crinoidal  remains  in 
some  thin  black  shales  in  the  Yeryan  Beds.  Althotigh  the  rocks 
described  in  the  foregoing  pages  are  unfossiliferous  except  in  one 
division,  they  have  been  divided,  as  already  stated,  into  two  geo- 
logical form;iti(ms;  the  Veryan  T^«^ds,  whieh  eontain  fossils,  being 
include<l  anion<^st  the  Lower  Silurian,  while  the  remaining  three 
series,  in  which  no  organic  remains  have  been  found,  arc  included 
in  the  Devonian  formations. 

If  the  ap[)arent  dip  could  be  taken  to  be  of  value  in  deter- 
mining the  geological  position  of  the  strats,  the  Yeryan  Beds 
would  be  the  highest  and  therefore  y(>uni;<  st  of  the  .series,  the 
Mylor  group  being  the  lowest  and  oldest.    If  this  could  be 

a&sumed  to  im"  their  eorrert  ])ositi(m,  tho  various  jxroups  df  strata 
to  the  west  of  the  Veryan  ^wup  woidd  have  to  be  considered  as 
Lower  Silurian,  or  even  older.  It  is  hoped  that  further  li^dit  on 
the  stratigraphical  relations  of  the  Cornish  slates  will  bo 
obtain^  as  the  revision  of  the  countv  advances. 
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CornA&lI.        The  largo  mass  of  granite  which  extends  from  Peiiryn  to  near 
HiU  \  ^'     Hclston  has  its  eastern  boundary  in  the  area  that  was  mapped 
last  seaflon.    In  the  small  portion  that  has  been  examined  the 

itmction  of  the  eruptive  rock  with  the  slates  has  been  found  to 
be  concealed.  The  granite  is  usually  grey  in  colour,  and  fairly 
coarse  in  texture,  consisting:  of  ortlioclase  and  plagioclaso,  abun- 
dant (juaru,  and  l)oth  white  and  black  mica,  with  tourmaline 
usually  present  in  small  (quantities.  The  felspar  is  sometimes 
|jurph;^Titic  No  elvans  have  been  observed  m  the  granite  so 
mr  as  It  has  been  examined,  but  a  few  have  been  mapped  outside 
the  granite  area.  Although  the  junction  of  the  granite  and 
slates  has  not  yet  been  seen,  the  bulk  of  the  slates  that  lie 
between  Falmouth  and  the  margin  of  the  granite  show  no 
evidence  of  metaniorphism.  The  slates,  however,  between 
Flushing  and  Penryn,  as  seen  on  both  sides  of  Penryn  Creek, 
are  spotted,  and  at  times  crowded  with  ovate  bodies;  the  i»rti- 
cukr  mineral  which  composes  these  has  not  yet  been  determined. 
When  fresh  they  are  very  hard  and  dark  in  colour,  due  no  doubt 
to  ini])uritios  taken  from  the  slate.  They  often  weather  p*cen 
anil  ml,  and  arc  then  (juito  soft.  Tliis  character  is  the  dominant 
tyjKs  at  the  Flushini;  end  of  the  section.  The  ovate  l)odies  are 
fresher  and  larger  in  tho  neighbourhood  of  Peiu^yn  as  they 
approach  the  granite. 

Besides  the  ^rrauite  and  quartz-porphyries,  other  igneous  rocks 
occur  in  the  district  which  axe  evidently  of  greater  antimiity.  In 
most  cases  they  have  l>een  considerably  metamorphoseu,  and  are 
nmch  decomposed.  They  have  \mim  intruded  as  sills,  and  have 
shared  in  some  of  the  movements  and  ulienitions  which  have 
affected  the  surrounding  slates.  Of  thesu  intrusive  iocks,the  princi- 
pal is  the  mass  that  passes  in  a  north-easterly  direction  through 
the  northern  part  of  Falmouth,  and  joins  the  south  end  of 
Flushing,  where  it  widens  to  about  200  yards  and  then  disappears. 
Althoiipi  fresher  specimens  can  be  obtained  from  this  sill  than 
from  others  of  the  same  class,  it  is  ^jenerally  much  altered  and  in 
parts  sheiiretb  It  is  finely  crystalline,  and  its  main  constituents 
(which,  however,  have  not  yet  been  precisely  determined)  appear  to 
l>c  green  mica  and  decomposing  felspar, with  numerous  carbonates 
and  other  decomposition  products.  A  little  further  to  l^e  west- 
ward two  other  suls,  separated  only  by  a  few  yards  of  slate,  are  still 
more  hj<.,''hly sheared  and  too  decomposed  for  thcirmincnd  character 
to  be  delimtely  recugni.sed.  Moreover  they  are  interfolded  with 
slates,  wliich  adds  to  the  complexity  of  their  structure.  In  the 
old  map  only  one  sill  has  been  coloured,  and  not  improbably  the 
separate  outcrops  belong  to  a  single  sill  repeated  by  folding. 
The  oxtensinn  of  the  Siime  rock  s<;parat<'d  by  slate  can  also  be 
seen  on  the  Fahnouth  shore.  Still  another  sheet  of  similar 
ch;na<  ter  occurs  at  Boycr's  Cellars,  further  up  the  creek,  and  one 
iiho  near  Trevissomc  in  tlie  parish  of  Mylor.  The  .shitcs  some- 
tiuics  included  in  them  might  lead  to  the  supposition  that 
these  igneous  bands  ^  ^e^  tuffs,  but  when  the  amount  of 
plic^ition  in  the  district  is  considered  there  does  not  seem 
to  be  any  reason  against  including  them  with  the  sills  in 
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the  neighbourhood,  to  which  tliey  bear  a  re1ati<^n,  and  the  Cornwall, 
intrusive  character  of  which  is  beyond  question.    A  oonipuratively  ^n^'  ^ 
unaltered  sill  of  mica^trap,  seen  on  the  coast  at  Mawnau,  is  about  ' 
four  fiaet  wide,  massive,  and  companitivet^  fresh.  It  contains 
inclusions  of  quartz  and  crystalline  felspathic  rock,  some  of  them 
being  well  rounded;  also  occasional  pieces  of  slate.     Some  of 
thesf  frf|'_'Tne?its  attain  a  size  of  two  or  three  inches.    The  rock 
is  luninly  composed  of  fine  cr^^stals  of  biotite  and  felspar,  and 
appears  to  be  earlier  than  the  various  faults  which  traverse  the 
slates.   It  bears  a  strong;  resemblance  to  some  of  the  l&mpro- 
phyres  whieh  have  been  intruded  into  the  schists  of  the  Scottish 
Highlands 

Carboniferous. 

The  present  field-work  of  the  Geological  Survey  in  the  areas 
occupied  by  the  C.arboniferoiis  systeni  thront^rhont  tlio  Ignited 
Kingdom  consists  almost  entirely  in  tlie  revision  of  the  various 
coal-fields  on  the  scale  of  six  inches  to  tlie  mile.  In  the  following 
summary  of  the  progress  made  last  year  the  several  areas  will 
be  taken  in  order  orom  south  to  nortH. 


Peyonshire  Culm-meaaures. 

The  most  southerly  district  of  Carboniferous  rocks  on  which  ^»*»«'-) 

the  Survey  was  engaged  lies  along  the  western  margin  of  Devon- 
shire, where  Mr.  UssHi  n  surveyed  the  Culm  aronnd  Tavistock. 
He  found  the  strata,  there  to  consist  of  (1 )  hard,  dark,  shaly,  and 
often  cherty  materials,  which,  associated  with  the  volcjinic  series 
already  alluded  to  in  the  section  on  the  Devonian  system,  form 
the  basement  portion  of  the  Culm ;  (2)  dark  shales,  sandy,  lead- 
oolourcd  micaceous  shales  and  grits,  composed  of  quartz,  felspar, 
and  mica,  with  a  black  opiqiie  matrix.  The  sandstones  and  grits 
seem  to  be  local,  and  irn^ji^nlarly  intercalated  in  the  .'^hales. 
Highly  alt<!red  rocks,  apparently  belonging  to  the  second  group, 
are  to  be  seen  near  the  granite  on  the  north  margin  of  Cox  Tor 
Moor.  , 

The  exact  relations  of  the  two  groups  (1)  and  (2)  are  nowhere 
manifest,  owing  to  faidts  and  the  absence  of  Junetion-exnosurcs. 
The  arenaceous  Culm-meaijures  fonn  a  considerable  tract  oetween 
Beer  Alston  and  Pillaton  in  Cornwall,  already  surveyed.  In  that 
area  they  rest  on  Tapper  Devonian  strat^i,  whili-  the  basement 
Culm  chert-beds  ore nr  locally  in  inexplicable  relation  to  them, 
and  also  rest  on  I  Vl>^r  Devonian  rocks.  During  the  past  year 
two  places,  viz.,  £fford,  east  of  Plymouth,  and  Wcardo,  south  of 
Saltadi,  were  revisited.  In  both,  grits  or  sandstones  occur,  which 
from  their  constituents  may  be  called  arkoses.  At  VV^^arde 
these  rocks  seem  to  lie  directly  on  volcanic  materials  in  which  a 
marked  iiUercalation  of  chert-beds  was  dett  (  ted  in  one  spot. 
Mr.  Ussheb,  from  the  absence  of  traces  of  plants  or  other 


r 
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(Mr.  Ussher.)  orgaiiisuis,  was  long  in  doubt  whether  to  ru^rd  these  rocks  as  a 
local  rearrangement  of  nlioeous  tuff  in  we  Upper  Devoiiian 

series,  or  as  Culm  J^ta  Further  study  of  the  Culm  dbtricts 
now  inclines  hiiu  to  regard  them  asCulni  grits,  and  to  consider 
the  Wcunle  volcanic  rooks  as  the  equivalents  of  the  Tavistook 
volcanic  series.  The  only  explanation  wliirh  ht;  t  an  suggest  of 
the  occurrence  of  the  Cuhn  grit  series,  as  it  has  been  found,  is 
that  owing  to  irregidarities  of  local  vulcanicity  during  or  pre- 
ceding elevations  of  the  sea-bed,  the  shales  and  grits  were 
deposited  unconfonnably  upon  basement  Culm  rocks  or  volcanic 
rocks,  and  in  their  absence  dire«;tly  upon  the  Upper  Devonian 
strata.  He  would  regard  the  Culm  .shales  and  gnts  as  the  base 
of  the  Middle  Culni-measures,  on  the  same  general  platform  with 
the  Ugbrooke  Park  conglonieratie  beds,  but  he  has  foimd  no 
proof  of  any  break  between  the  Middle  and  Basement  Culm- 
measures  of  North  Devon.  The  exprsBsion  of  a  more 
definite  opinion  as  to  the  relations  of  the  Culm  rocks  must  be 
postponed  until  the  coast-section  from  Boflcastle  toward  Bude 
nas  oeen  studied  in  detail 


Vcdcanie  group  in  ike  Carboniferoiis  liiiiMtoiie 

of  Horth  SomonMt* ' 

(Tli«  Dirprtor  The  cxistenco  of  certain  igneous  roek'^  in  the  Carboniferous 
tieneral  aaU  LuHcstone  series  of  Somerset  has  long  been  known.  They  are 
Mr.BlrahM.)  representetl  on  the  published  Geological  Survey  Mans  as 
intrusive  in  origin,  and  they  have  been  described  as  aykes. 
Their  true  native,  however*  was  detected  as  far  back  as  1880  by 
Professor  Soli.as,  who  recut^qiised  the  rocks  as  volcanic  tultfs 
and  amygdaloidal  lava.s.*  In  the  year  l.SJ^fi  the  ground  was 
examined  by  Mr.  Strahan  in  connection  with  the  revision  of  the 
South  Wales  coal-field,  as  a  portion  of  North  Somerset  is 
included  in  one  of  the  one-inch  maps  of  that  region.  From  his 
field-notes  and  the  specimens  he  collected,  it  was  quite  certain 
that  the  Carboniferous  Limestone  on  the  south  side  of  the  Bristol 
Channel  contains  records  of  contemporaneous  volcanic  activity, 
and  reference  to  the  subject  was  made  in  the  AvviuiJ  RejuH-f  of 
the  Geological  Survey  for  1896  (pp.  01,  but  further  rle.scrip- 
tion  of  the  evidence  was  reserved  until  the  ground  could  be  more 
carefully  studied, 

Acoordii^lY,  in  the  autumn  of  last  year  the  various  sections 
where  these  interesting  rocks  are  exposed  were  visited  by  the 
DiuECTOR  General  and  Mr.  Sthau an,  whose  observations  may 
here  be  briefly  stated  innsmtn  h  as  the  evidcnre  for  the  contempor- 
aneous character  of  the  igneous  intercalations  has  never  been 


*  Pror.  (.'rol.  .Uxor.  vol.  vl.  (188(>),  p.  378.  In  the  *'  HandlKX>k  "  prepared 
for  the  mooting  of  the  British  Asswiation  in  1808  at  Bristol,  Prof.  Lloyd 
Morgan  has  recentlv  expressed  the  same  opijuou  r^rding  the  n^^ture  of 
these  rocks.  {BwmixMt  p.  id.) 
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published.  The  occurrence  of  igneous  bands  in  the  Culm  (The  Director 
measures  of  Devonshire  has  long  been  recognised,  but  these  rocks  £*"2!^tJ2? » 
have  shared  in  the  general  cnisningf  and  cteavage  of  the  whole  of 
that  legion,  so  that  their  original  cliuracteiB  are  often  obficured, 
and  even  their  stratigzaphical  position  is  not  always  clear. ^  In 
tlu'  Somerset  district,  on  the  contrary,  the  evidence  is  precisely 
suiiilar  to  that  of  tlie  l)er}tyshirc  toadstone  repon.  mm  brings 
clearly  before  the  eye  successive  ouLHows  of  vesicular  lava,  and 
showers  of  volcanic  detritus  over  the  floor  of  the  sea  in  which  the 
Carboniferous  Limestone  was  deposited. 

The  district  in  which  the  yolcanic  rocks  in  question  rise  to  the 
surface  extends  along  the  eastern  shore  of  the  Bristol  Channel, 
from  the  HiTiestonc  rid'^^o  of  Middle  Hope  southwards  for  five 
milas  to  Uphill  where  llie  western  spurs  of  the  Mendip  Hills 
sink  under  the  greiit  alluvial  plain.  Its  inland  limits  are 
uncertain,  but  vokanic  rocks  of  the  same  age  and  type  appear 
among  the  limestones  of  Wrington  Warren  ten  miles  to  the  east, 
while  still  furtlier  iiiLuid,  certain  eruptive  masses  have  nieroed 
the  ridge  of  Old  Red  Sandstone  to  the  north  of  Snepton 
Mallet.  Tlie  actual  area  of  sea-bottom  over  whi(^h  volciinic 
eruptions  took  place  probably  far  exceeded  50  square  miles. 
There  is  no  evidence  of^  any  central  vent.  On  the  contrary,  tlie 
explosions  appear  to  have  taken  place  firom  small  soatteied 
ormces,  as  in  other  ports  of  the  Carboniferous  Limestone  areas  of 
Britain.  We  can  recognise  the  probable  neighbonihood  of 
several  of  those  active  vents.  One  of  them  lay  in  the  di.strict 
of  Uphill,  the  position  of  another  or  of  more  than  one  lay  to  the 
west  of  Weston-super-Mare,  and  to  the  north  wi  st  or  west  of  the 
ridge  of  Middle  iiope,  while  a  more  distant  centre  of  eruption 
was  situated  not  &r  nom  Wrington  Warren. 

It  will  be  enough  to  give  here  some  of  the  details  of  the  moro 
important  sections.  At  Spring  Cove,  immediately  to  the  west  of 
the  town  of  Weston,  a  clilf  between  the  hiirh  road  and  the  sea 
exposes  the  succession  of  rocks  given  in  the  subjoined,  table  in 
descending  order : — 

Ma«.sive  limeatone  full  of  fossils.  The  lowest  three  feet  of  the  rock  are 
crf>wded  with  fine  volcanin  (1imt,{which  Under  the  microscoiie  is  Been  to 
consist  of  tine  vesicular  lapilli. 

Highly  aiiiygdaloidal  altered  bual^  having  a  ''pillow  "-.strueture,  and 
with  abundant  (  alraroonH  and  haeinatiticTeiiis,  and  threads  of  carbonate 
of  copper ;  about  35  or  40  feet. 

Red  limestone,  full  of  fine  volcanic  dost,  and  passing  down  into  the 
(Mdinaty  grey  fossiliferous  limestone. 

This  section  places  clearly  before  the  mind  the  succession  of 
yolcanic  events  of  which  it  retams  the  record.  From  some  vent 
in  the  neiglihourhood  fine  dmt  continued  to  he  ejected  during  a 
considerable  interval,  for  the  lim«\stone,  through  some  iiO  or  40 
feet  of  its  mass  below  the  l>asalt,  is  full  of  dissominated  volcnnic 

girticles.  It  may  l)e  remarked  in  passiiig  thai  nowhere  in  the 
ritish  Isles  can  more  typical  examples  be  found  of  the  chief 
characteristics  of  the  Carboniferous  volcanic  tuffs  than  in  tho 
Yolcanic  tiact  of  North  Somerset.   Tho  lapiUi  abound  m  finely 
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JTba  Director  vesinilar  basin  pumice,  and  show  tlio  prevalent  dull-preeii  pala- 
Jj^'^JlJjJ"^  ^'oiiitic  moiiitic&Liou  of  what  was  no  doubt  originally  a  oaaic 


»'-«»^>  glass. 


At  last  a  stream  of  Utva  flowed  over  this  part  of  the  sea-bottom. 

It  rested  immediately  on  the  calcareous  sediment  to  which  it  is 
now  firmly  bound,  and  which  is  highly  crystalline;  but  there  is  no 
conclusive  evidence  that  this  crystalline  structure  has  been  due  to 
the  heat  ot  ilie  overlying  lava.  This  lava  is  now  much  oxidised 
and  decayed,  strongly  aniygdaloidal,  and  presenting  the  charac- 
teristic pillow  *'  or  sack-like  structure  that  has  been  so  frequently 
observed  among  the  submarine  volcanic  eruptions  of  former 
geological  periods.  The  interstices  between  the  lar^e  irregularly 
shaped  pillow-like  masses  of  tlio  sheet  have  been  hlled  up  with 
calcareous  material,  which,  in  the  form  of  a  network  of  limestone 
ribs  with  veinin<.(s  of  lijematitc,  traverses  llie  rock.  The  basalt 
contains  also  iuiaps  ol  limestone,  while  some  of  its  more  solid 
parts  have  been  broken  up  and  have  been  involyed  in  portions 
possessing  a  much  more  slaggy  structure.  The  bottom  of  the 
sheet  is  much  brecciated,  the  Dagments  being  finely  vesicular. 
The  lava  has  been  sHccd  and  examined  under  the  microscope  by 
Mb.  Teall,  who  reports  regarding  it  as  follows : — 

"  The  lava  from  Spring  Cove,  WeBtoo-euper-Mare  fE.  8212  (23)],  is  a  fine- 
grained, flKH-oliUecilf  >ured  rock,  compost'd  of  pseuanmorphs  after  olivine, 
aud  probably  augitc,  iu  a  groundmasB  showing  microlitic  stracture.  The 
phenoGrysts  are  represented  by  ])HeTidomorplis  in  carbonate.  The  microlitic 
felsi)ars  of  the  groundniass  are  eolrturleas,  but  they  no  longer  show  their 
characteristic  optical  nroiKjrtias.  The  groundmass  ift  deeply  stained  with 
ferric  oxide.  Althougn  all  the  minerals  have  been  destroyed,  the  structure 
hw  been  perfectly  preserved,  and  there  can  be  no  doubt  whatever  that  the 
original  rock  vras  an  olivine-basalt." 

On  the  rugged  upper  sur&oe  of  this  basalt  the  limestones  have 
been  laid  down  in  the  same  way  as  underneath.  The  volcanic 
episode,  although  it  locally  interrupted  the  continuity  of  the 

accumulation  of  organic  detritus  on  the  Rca-bottom,  seems  to  have 
effected  no  {  b.uT^^e  in  the  jjeneral  conditions  of  sedimentation. 
Fine  volcanic  dust  appears  m  the  overhnng  limestone  for  about 
three  foot  above  the  surface  of  the  lava,  and  thereafter  the 
calcareous  rock  assumes  its  usual  highly  foesiliferous  character. 

That  the  little  vent  from  which  the  discharges  took  place  lay 
to  the  westward,  under  what  is  now  the  Bristol  Channel,  may  be 
inferred  from  the  disappearance  of  the  volcanic  zone  as  the 
ground  is  traversed  in  the  opposite  direction.  Fragments  of  the 
amygdaloid  were  found  by  Air.  Spencer  Perceval  at  the  Toll- 
gate,  which  show  that  this  rock  extends  inland  for  a  mile  and 
a  half.  But  immediately  to  the  east  over  the  bare  limestone 
surface  above  Kewstoke  or  Milton  Hill  and  the  ground  towards 
VVorle  Mr.  Strah.\n  could  tind  no  trace  of  it. 

Two  miles  to  the  north  of  Weston  another  parallel  ridcre  of 
H?n<'stnn«v  known  as  the  Middle  Hope,  runs  out  into  the  Bristol 
Cliainici  and  displays^  along  its  northern  coast-line  a  still  more 
interesting  intercalation  of  contemporaneous  volcanic  material. 
Three  separate  sections  have  been  laid  open  by  the  sea  within 


Digitized  by  Googl 


CABBOWrroOOR 


iai 


107 


the  space  of  a  mile    The  most  westerly  of  those  is  ilhist rated  (The Director 
in   tne   accompanying  figure,  which   represents    the    whole  ^f^S^tS^ 
volcanic  group,  about  100  feet  thick,  intercalated  betwetu  the  ^•Steitao.) 
oidiiuuy  crinoidal  limestones  (1  and  14).  At  the  base  irom  low- 


Section  of  Volcanic  iiocks  iu  Carbonifenius  Liiuestoue. 
Middle  Hope,  Moutli  of  SoTem,  Somerset 


water  up  the  beach,  between  30  and  40  feet  of  higlily  fossiliferous 
crinoidal  limestone  ( 1 )  appear  from  under  the  sea  in  successive  beds, 
which  towards  the  top  pass  into  a  reddish  banded  limestone  with 
thin  partings  of  red  clay.  The  argillaceous  material  probably 
results  from  decayed  volcanic  dust,  and  marks  the  beginning  of 
the  eruptions  from  the  vent  in  this  neighbourhood,  for  above  the 
reddish  limestone  lies  a  greenish  tuff  (2)  with  calcareotis  bands. 
Much  of  this  baud  is  concealed  under  the  detritus  of  the  beach, 
but  it  maybe  moiethan  ISfeet thick.  Itis  followed  bja  Uiin-bedded 
limestone  (3)  crowded  with  Produclus  and  other  fossils,  about 
3  feet  thick,  but  swelling  out  to  a  nnu  h  greater  bulk  further  east. 
Next  comes  a  group  of  green  and  red  tuffs  (4)  with  lenticular 
bands  of  limr^tone.  Some  of  the  tuffs  arc  marked  hv  bunches  of 
coral  in  the  |>t).siLion  of  growth.  At  the  top  of  tliese  tutis  a  Viand 
of  red  ferruginous  limestone  (5)  appears,  it  is  tiiin-betlded, 
lenticular,  and  about  5  feet  thick.  It  passes  upward  into  about 
16  feet  of  highly  fossiliferous  limestone  (6).  The  quiet  interval 
marked  by  the  interc^ilation  of  jthis  crowded  mass  of  organic 
remains  was  brought  to  an  end  by  a  much  more  vigorous  display 
of  volcanic  energy.  The  explosions  hcL^ui  witii  the  discharge  of 
ashes,  which  in  the  section  are  now  represented  by  from  12  to 
J 4  feet  of  green  tuff  (T).    The  lapilli  varied  continually  in  size 
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(The  Director  SO  that  the  tufT  is  made  up  of  lenticular  layers  of  fine  and  oo 

General  an<i  material  Tlio  band,  moreover,  is  much  yeined  with  calcite,  no 
Mr.SUftliao.)  (Jqu^^  derived  from  tho  solution  of  calcareous  organisms  either  in 
the  surroundinj^  limestones  or  in  the  tuti'  itself.  Tlio  top  of  this 
ncciirnuljition  of  pvrocljist ic  niHt^»rial  is  marked  by  a  tliin  red 
('ImtIv  layer  (H),  immediatclv  alK)ve  which  lies  tbcM'bief  nienilKT 
of  iho  v«>U;aiiic  giouu- a  ilull  green  amygduloiti  uf  the  usual 
basic  character  (9).  This  bed,  perhaps  12  to  14  ieet  in  thickness^ 
has  been  a  thoroughly  vesicular  sconaceous  basalt.  It  shows  the 
"  pillow  **  structure  already  referred  to,  some  of  the  "  pillows " 
l)eing  a  yard  or  more  in  diameter.  Tlie  vesicles,  sometimes 
4  inches  Ion  I,',  haivo  been  tilled  with  calcite.  The  uj^)per  surface  of 
the  sheet  is  rugged  and  scoriform,  and  the  overlying  sediments 
have  tilled  up  its  hollows. 

The  Milt  flow  of  this  lava  wa.s  followed  by  a  much  qtneter 
phase  of  vulcanic  activity,  when  only  occasional  showers  of  dust 
were  discharged  over  the  tioor  of  tho  sui  on  which  the  calcareous 
oi^anisms  had  again  spread.  This  portion  of  the  record  is  con- 
tamed  in  a  band,  about  9  feet  thick,  of  lenticular  seams  of  blue 
limestone  (10),  full  of  fossils,  and  divided  bv  partings  of  fine 
tutl'.  A  more  prnlonijcfl  and  vigorous  disdiari^e  of  ashes  is 
indicated  by  a  band  of  L^n  cn  tiitts  about  9  feet  thick  ( 1  I  ).  The 
base  of  this  band  pa.s.ses  down  into  the  ashy  limestone  grouj)  (10) 
below,  so  that  there  was  obviously  no  interruption  in  the  con- 
tinuity of  the  volcanic  phenomena.  But  the  discharge  of  the 
aslies  must  have  been  sufficiently  gentle  or  intermittent  to  allow 
of  tho  continued  presenci^  of  living  organisms  even  on  the 
bottom  over  which  tlu-  volcanif*  detritus  wms  aeeiimnlrtting,  for 
the  tutf  contains  Icntic-idar  .seams  and  nodules  of  <  rinoidal  liin*  - 
stono.  In  this  band  one  of  the  characteristic  fciiturus  ot  (  arboni- 
ferous  tuti's  alreaily  referred  to  is  well  displaved — the  presence 
of  abundant  lanilli  of  a  minutely  vesicular  basic  pumioe.  A  thin 
slice  prepared  lirom  one  of  the  calcareous  bands  was  found  und^ 
the  microscojx)  t<3  be  full  of  these  lapilli  and  of  various  organisms, 
among  wlii(^h  Mr.  Newton  detected  fornmi u] vn  ( h'ncUftii^fraf), 
and  probably  also  echinoderms,  corals,  and  eiitouiostraca. 

The  gradual  cessation  of  volc^mic  activity  was  marked  by  a 
n^tnrn  of  the  pluise  of  sedimentation  tbnt  had  jireeeded  t lie  last 
more  violent  outbreak.  The  tuff-band  just  described  passes 
upward  into  a  r(;d  limcslone  (12)  about  three  feet  thick,  banded 
with  lenticular  seams  of  gi-een  tuft'  like  that  underneiith.  Then 
comes  a  reddish  nodular  limestone  (13),  about  three  feet  thick, 
with  irrogidar  ]Mirtings  of  a  ferruginous  argillaceous  material 
which  mav  Ije  highly  decomposed  volcanic  detritus  of  the  finest 
kind,  inarlcing  some  of  the  last  <'fV<M  tv  of  tlio  oxj>inng  volcano. 
liiune»iiatcly  al)ove  lies  the  ordniaiy  well-lKHided  coarselv- 
crinoidal  limestone  of  the  district.  Its  lower  seams  inchule 
little  blotches  which  may  possibly  also  be  decayed  ashy  material. 
But  above  this  part  of  the  section  all  trace  of  volcanic  activity 
disjipjx  ars^and  the  normal  limestone,  made  up  entirely  of  oigamc 
remains,  resumes  its  place. 
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Tlie  next  section  of  the  volwmic  irroiip  has  l)con  laid  bare  in  a  (The  Director 
small  bay  three-quarters  ui  n  mile  t  urther  to  tlie  east.    Here  again  Sr***£2ik°'* 
the  rocks  have  been  thrown  into  a  highly  inclined  position,  so  that  ^•^"•"•'*') 
a  considerable  thicknefls  of  strata  has  been  packed  into  a  narrow 

strip  of  the  beach.  vShort  as  is  the  interval  oet  ween  this  outcrop 
and  that  just  described,  the  succession  of  strata  lx;tween  the  two 
places  has  entirely  changed.  The  sheet  of  lava  has  disappeared, 
and  a  number  of  the  tutls  which  towards  tlu?  west  are  sei>arale(l 
by  layers  of  limestone  here  form  more  continuous  deposits,  iiut 
the  whole  volcanic  group  is  thinner. 

At  the  base  of  the  section  the  thick  criuoidai  limestone,  with 
bunches  of  coral  in  the  position  of  growth,  passes  u]>waids  as  before 
into  reddish  banded  lim&stone  with  red  clay  parting,  which  no 
doubt  represent  much-decayed  fine  volcanic  du8t,forimmediately 

alK>ve  comes  a  deposit  alxmt  50  feet  tliiek  of  green  finely-lH-Hlded 
tutf.  This  band  re|X3ats  the  characters  above  descril^'d.  It 
includes  in  its  upper  part  a  eoai-ser  layrr,  whieli  i  ncloses  pitM  <  sof 
limestone, chert, and  basiilt, sometimes  six  inches  lon<^^  ll  is  marked 
also  by  the  same  evidence  of  contemporary  organic  growth  and 
deposit,  for  at  different  platforms  throughout  its  mass  occur  thin 
layers  of  ashy  limestone  and  dark  chert,  while  some  of  the  finer 
portions  of  the  tuff  are  nearly  as  fossiliferous  as  the  ordinary 
limestone,  being  crowded  with  criuoidai  joints,  corals,  bryozoa, 
brachiopods,  ttc. 

Above  this  tuff  lies  a  IkhI  of  liard.  tine-grained,  tinclv-lamiiuited 
purple  and  grey  s^uldstone,  alx)ut  two  feet  and  a  half  in  thick- 
ness, the  most  marked  feature  in  which  is  the  presence  of 
numerous  small  (nrlindrical  pencil-like  bodies  which  descend 
from  the  upper  sur&oe  of  the  band  vertically  a(  ross  the  lamina- 
tion of  tlie  scKlimcnt.  They  may  be  worm-burrows.  This 
arenaceous  band  seems  to  mark  a  pause  of  some  duration  during 
which  volcanic  activity  was  <iuies(ent,  and  the  calcareous 
organisms  luid  not  yet  recovered  their  former  place  over  this 
part  of  the  sea-floor.  Possiblv  this  band  may  be  paralleled 
with  the  lenticular  limestones  (No.  10)  in  the  urevious  section. 

Eruptions  were  renewed  for  the  last  time,  when  a  quantity  of 
ashes  was  discharged,  now  repres(»nted  l>v  a  band  of  green  and 
red  tuffs  from  five  to  seven  feet  thick.  These  materials  may  he 
continuous  witli  the  l)an(l  No.  1  1  furthi'r  west,  like  which  their 
layers  of  coarser  and  finer  material  are  mingled  with  much  C4il- 
eaieous  material  They  are  well  banded,  and  in  their  upper  part 
enclose  rows  of  blocks  of  finely  slaggy  amygdaloid.  Immediately 
above  them  comes  a  hmestone  12  feet  thick,  which  passes 
upward  into  some  red,  impure,  decaying  and  probably  ashy 
limestone,  and  this  is  followed  by  the  great  overlying  mass  of 
crinoidal  limestone. 

The  most  easterly  of  the  three  coast-sections  lies  (500  feet 
further  along  the  shore.  The  upper  part  of  the  volcanic  series  is 
there  cut  out  by  a  fault,  which  orings  the  tuff  against  the  lime- 
stone. The  calcareous  bands  in  the  tuff  are  here  much  thicker 
and  more  numerous  than  they  are  further  west,  and  continue  to 
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(The  Director  be  crowded  with  organic  remains,  Tlie  volcanic  material  appear^ 
g«n|nji»nt*  to  be  dying  put  in  im  easterly  diieetkm.  Taking  the  whole 
Mr.sti»hui.)  oyidenco  of  this  series  of  sections,  we  mav  reasonably  conclude  that 

in  this  instance  also  the  eruptive  vent  lay  somewhere  to  the  west 

or  north-west  of  the  present  shore-line^ 

The  inland  tract  where  contempomncous  volcanic  rocks  have 
been  found  in  tlio  Carboniferous  Limestone  lies  on  the  ridge 
ratlicr  more  than  a  mile  to  the  north-east  of  Wrington.  The 
jjround  has  not  yet  been  mapped  in  detail,  but  a  traverse  of  it  in 
oiiFerent  directions  shows  that  a  more  careful  examination  of  its 
rocks  will  entirely  confirm  the  results  obtained  from  a  study  of 
the  shore-sections.  Two  outcrops  (which  may  really  belong  to 
the  samo  hand)  were  noticed  in  Goblin  Combe,  one  of  them 
about  1.500  feet  south  from  Warren  House,  the  other  about  IrUt'a 
nn'le  further  to  the  south-east.  At  the  latt43r  place  a  L^r  ^up  of 
tuJlb  lb  seen  emerging  froui  underneath  a  sheet  of  iiniestune. 
These  tafSs  consist  of  alternations  of  fine  and  coarser  green  and 
red  volcanic  dust  and  lapilli,  with  parting  of  limestone.  They 
abound  in  the  usual  finely  vesicular  basic  pumica  They  are 
generallv  calcareous,  and  pa,ss  laterally  nnd  vcrtic^illy  into  ashy 
linicstone.  Tlie  limestone-bands  in  turn  are  full  of  volcanic 
sediment,  es[)ecially  of  lapilli  of  the  green  pumice.  Some  of 
these  are  j^rtially  oolitic,  the  oolitic  grains  being  scattered 
through  the  ashy  material 

At  the  lower  or  western  outcrop  blocks  of  a  decaying  basic 
amygdaloid  are  scattered  over  the  surfeca  This  rock,  evidently 

a  lava  like  those  alretidy  described,  must  no  doubt  be  in  place 
close  at  hand.  By  following  the  detritus  in  mole-hills  it  is 
possible  to  tr<^'-e  its  probable  line  of  outcrop  for  some  distance 
along  the  .south  side  of  the  Combe.  At  the  same  place  numerou.s 
pieces  of  ashy  limestone  and  calcareous  tuff  may  be  picked  up. 
These  rocks  are  obviously  also  in  place  hereabouts,  though  theur 
outcrop  aoiaas  to  be  at  present  concealed.  They  resemole  the 
strata  seen  half  a  mile  up  the  valley.  They  must  lie  imder  the 
thick  mass  of  fossiliferons  limestone  in  which  Cleve  Cond>e  has 
been  excavated,  antl  they  proljably  overlie  the  limestone  seen  in 
Goblin  Combe  j'nst  ab(^ve  the  tract  where  the  volcanic  detritus 
apjxjars  at  the  surface.  Though  the  available  evidence  is  defective, 
it  IS  sufficient  to  prove  the  approximate  position,  of  another 
volcanic  vent  in  the  inland  part  of  the  Oarboniferous  Limestone, 
and  to  indicate  that  from  this  vent  not  only  tuff  but  a  sheet 
of  vesicular  lava  was  discharged  over  the  floor  of  the  sea. 

A  group  of  masses  of  igneous  rock  is  shown  on  the  Geological 
Survey  Map  (Sheet  19),  rising  along  the  rldi^'o  of  Old  Red 
Sandstone  to  the  north  of  Slie[)ton  Mallet,  Tliesc  masses  were 
also  visited  by  the  Director  General  ;md  Mr.  Strah-an,  with 
the  view  of  ascertainint;  whether  they  formed  part  of  the  volcanic 
series  which  has  now  been  described.  But  they  were  tound  to 
belong  to  a  different  petrographical  series.  Thin  slices  prepared 
from  the  freshest  of  the  rocks  in  Moon's  Hill  quarry  and  from 
beacon  Hill  have  hem  examined  by  Mb.  Teall,  who  finds  that 
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ttiey  AM  tindoabted  andMites.*    They  appear  to  xiae  mtrufflyely  (TheBinetor 
through  the  (Upper)  Old.  Bed  Sandstone.  They  have  none  of.  the  ^I'^^^J^ 
characters  of  true  lavas,  nor  do  they  seem  to  have  any  aocom-  ^■'•o^'^'^^') 

paniment  of  tuff  or  agc^lomcrato.  Tlioir  age  must  remain 
un(l<'<  ult'<l.  They  are  ]x;r.suuiah1y  vuungor  than  the  lied 
Sandstone,  which  in  their  innnediate  neifrhbourhood  passes 
conformably  upward  into  the  shales  and  linicsLoncs  at  the  base  of 
the  CarbonifeToi]8  systeiiL  They  may  possibly  belong  to  the 
Carboniferous  volcanic  series.  Their  more  acid  character  than, 
that  of  the  lavas  of  Weston,  Middle  Hope,  and  Goblin  Coml^ 
would  not  be  a  valid  objection  to  such  a  relationship,  for  the 
intrusive  sheets  and  l)osses  of  the  Carboniferous  series  in  the 
south  of  Scotland  and  in  Ireland  are  often  much  less  l)asie  than 
the  contemporaneous  lavas.  This  question,  however,  must 
remain  until  the  district  is  surveyed  in  more  detail 


South  Wales  Coal-field. 

The  re-snrvey  of  the  Coal-field  of  South  Wales  and  surrounding 
tracts  iiu:^  made  steady  prcH^ress  during  the  past  year,  though  the 
area  surveyed  would  have  been  lar^r  had  it  been  practicable  to 
retain  Mr.  Gibson  in  the  district  mstead  of  temporarily  trans- 
finrring  him  to  North  Stafibrdshira  In  the  examination  of  the 
northern  part  of  the  area  Mr.  Cantrill  continued  his  mapping  of 
the  01<l  Re<l  Sandstone  and  Lower  Carboniferous  formations,  while 
Mr.  Strauax  and,  for  a  short  time  in  the  autunni,  Mr.  Gij^son 
carried  on  the  survey  of  the  Coal-measures.  Mr.  Tiddeman,  who 
was  joined  in  the  latter  part  of  the  year  by  Mr.  Caiitbill,  was 
engaged  upon  the  southern  part  of  the  ooal-field  and  on  the 
Secondary  rocks  which  holder  it 

The  following  summarj^  of  the  recent  prop-ess  of  the  Coal- 
field work  has  been  drawn  up  by  Mr.  Strahan.  It  embraces 
the  results  arrived  at  by  his  colleagues  and  himself. 

Carhoniferom  LimeHtoTie. — In  carrying  on  the  mapping  of  (Mr.  Cantrill.) 
the  Carboniferous  limestone  westward  in  BrecknocK,  MR. 
Oaktrill  finds  that  the  Lower  Limestone  Shales  keep  their 
general  character,  but  that  the  limestone  at  their  base  tends  to 
dwindle  away  or  to  give  place  to  shale.  Tn  Nant  Byfre  it  is 
represented  by  a  band  of  hmestone  eight  feet  thick  which  occurs 
sixteen  feet  above  the  ba^se  of  the  shales;  westward  of  this 
stream  no  such  rock  has  been  recognised. 


*  Mr.  Teall's  remarks  on  these  rocks  are  m  follows : — 
£.  3195  (IIX  Beacon  Uill. 

Ck>iispicuous  phenocrysto  of  plagioclase  and  pReudotnorph-s,  often  ft  feiro- 

magne.Hian  constituent  (augite  or  enstatitt)  in  a  felsitic  matrix  tonlaining 
traces  of  felspar-microlites.   The  rock  m  too  much  altered  for  precise 
determination,  but  it  undoubtedly  belongs  to  the  andesites. 
E.  3197  (13),  Moon's  Hill  Quarry. 

A  dark-cokmred  an(le.site  conii)Osed  (if  jihenocrysts  of  i.lapoclnse,  anpnte 
and  green  scrpentinoua  pseudoniorphs  after  eustatite  (  0      ^  micrulitic 
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(Mr.CantiiU)  The  main  mass  of  the  liniestoiio,  above  tliis  lower  staly 
subdivision,  consists  broadly  of  a  lowur  divLsion  of  dark 
limestone,  in  part  oolitic;  a  middle  mass  of  li^ht-c^rcv  oolitic 
limestone ;  ana  an  upper  zone  of  dark  limestoiu  s  with  abundant 
chert- nodules.  A  band  (about  three  or  four  feet  thick)  rich  in 
coral  lias  boon  traced  across  the  moorlands  on  either  sidn  of 
Glyu  '['.iwv,  at  a  heij^ht  of  20  to  40  foet  above  the  baso  of  llio 
niaia  liuicstono.  There  are  also  bands  ot"  siindstono  or  grit  with 
white  (j[uurl/-i)cbljles  in  the  iiiaiu  limestone,  as  on  Pant  Mawr 
and  westward  of  Glyn  Tawe,  though  their  presence  is  seldom 
indicated  by  more  than  loose  blocks.  At  the  base  of  the  li^ht 
oolite  thcp  occurs  a  sandstone  or  sandy  limestone,  which 
weathers  into  an  infobcront  yt^How  safKlstone.  This  band  is 
10  feet  thick  near  tbo  Kivor  Giedd,  and  is  just  reached  in  the 
bottoms  of  some  of  the  quarries  on  Cribarth.  Another  mril-baud 
2  feet  (>  inches  thick  is  exposed  in  a  quarry  at  PenwyUt  at  the 
top  of  the  light  ooUte. 

The  upper  linut  of  the  dark  chorty  subdivision  includes  a 
thin  limestone  highly  charged  with  quartz-grains  and  threads 
of  sand.  Above  this  band  and  immediately  Ix  low  the  basal 
conglomeraLc  of  the  Millstone  (h  it,  some  black  shales  with  two 
or  more  thin  bands  of  nearly  black  argillaeeous  limestones  make 
their  appearance  at  Careg  Cadno  and  persist  westward.  The 
limestones  are  decalcified  to  a  depth  of  from  six  to  ten  feet  along 
the  outcrop,  and  are  dug  out  to  that  depth  as  "rottenstone  "  in  a 
series  of  exciivations  which  extends  almost  continuously  from 
PenwyUt  as  far  westward  as  the  mappinf^  has  extended 

(M«88r*.  Tlic  tracing  of  the  (  arboiiiferous  Limestoi)''  iti  the  Vale  of 

d^"fiii  the  south  side  of  the  coal-tield,  lias  been  continued 

.}  1^  Messrs.  Tiddehan  and  Cantriu*.  Mr,  Tiddeman  finds  Uiat 
the  central  axis  of  the'  great  Cardiff  anticline  ranges  from  Penllin, 
by  Grackhill,  passing  thence  two-thirds  of  a  mile  south  of  Ewenny 
Priory,  and  jiist  north  of  Ogmore  Castle.  It  next  traverses  the 
Mertnyr  Mawr  IJurrows,  and  passes  <lm;  westward  out  to  sea  at 
Porthcawl.  So  much  however  is  the  limestone  nuisked  by  patches 
of  later  rocks,  that  this  line  is  by  no  means  apparent  without  a 
careful  study  of  the  dips.  Thus  on  the  north  dae  of  the  anticUne 
the  actual  ton  of  the  formation  can  he  fixed  in  one  place  only, 
■viz.,  in  the  railway  and  tramway  opposite  Angel to^vn  Asylum, while 
on  the  south  side  its  underground  extent  b(  ntb  the  newer 
rocks  is  unknown,  except  for  some  three  or  four  iniiers.  Of  these 
inliers,  none  of  wbictli  had  been  previously  detected,  one  is 
described  by  Mr.  Tiddeman  as  consisting  oi'  a  narrow  strip  of 
limestone  one  mile  long,  brought  up  between  two  &ult&  It  is 
well  seen  in  the  Vale  of  Glamorgan  Railway,  and  is  here  and  there 
covered  with  patches  of  conglomerate  winch  are  apparently  of 
Liassic  a\^c,  but  are  not  easily  distinpiisbed  from  tne  Carboni- 
lerous  Linicstoiie.  Another  example  occurs  as  a  larcrc  inlier  of 
erosion  in  the  south-east  end  of  Cfenienston  l^u  k,  wliere,  as  the 
limestone  dips  north,  there  may  be  reiison  to  suspect  the  existence 
of  another  antidine  south  of  the  large  one  mentioned.  A  third 
inlier  is  exposed  in  a  small  quany,  also  with  a  northerly  dip. 
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half  a  mile  W.N.W.  of  Wick.    A  foiirLli,  wliich,  however,  is  only  (Meeam. 

doubtfully  referred  to  a  Carboniferous  age,  lit^  hali"  a  mile  north 

the  last,  and  conaists  of  tu&ceoiu  Bmestone  with  tiaces  of^^^""'' 

conglomerate. 

The  CSarbonifeious  Limestone  of  the  Yale  of  Glamorgan  is 

usually  wcU-bedded,  and  grey  to  black  in  tint,  varying  to  light- 
grey  Rnd  drab-brown.  White  shelly  hmestonc,  such  as  is 
coiniiioii  in  the  north  of  England,  is  seldom  seen,  but  fossils 
abound,  especially  in  the  lower  beds,  as  at  Penlhn.  Corals  and 
large  Prowicti  occur  in  fine  preaerration,  dotted  over  the  bedding 
pbmes  near  Southemdown  and  ForthcawL  OoUtic  structure  is 
common,  and  occurs  both  high  up  and  low  down  in  the  formation. 
Tho  oolitic  rock  shown  in  the  road  between  SoutherndoAvn  and 
St.  lirides  Major  is  high  up,  while  that  exposed  between  Merthyr 
Mawr  and  Candleston  occupies  a  much  lower  horizon.  Another 
ooUtic  band  of  considerable  thickness  crosses  Nuwton  Downs, 
high  in  the  limestone,  but  not  at  its  top.  A  singularly  cavernous 
hSi,  to  a  great  extent  filled  up  with  chaloMonic  silica,  but 
containing  also  small  crinoid  joints,  occurs  near  the  base  of  the 
limestone  at  Pcnllia  Cherts  are  not  uncommon,  but  are  perhaps 
most  ul  uii(l;int  at  the  Witches'  Point,  Southemdown. 

The  Lower  Lunestone  Slmles  hare  been  recognised  by  Mr. 
Tiddeuiau  at  the  centre  ul  the  anticiiue  east  of  Ponllin.  They 
consist  of  shales  with  interbedded  limestones  dipping  southwards 
beneath  a  scarp  of  the  main  limestone.  Towaros  the  north  they 
are  probabl]^  &ulted,  but  westward  yellowish  and  greenish  shales 
and  clays  with  decalcified  crinoidal  limestones  or  "  rottcnstones  " 
are  exposed  for  sonic  distance.  These  strata  have  hitherto  been 
mistaken  for  Rhaitic  shales. 

Mfi.  Cantkill  in  examining  the  range  of  these  rocks  further 
east  found  that  the  bold  east  and  west  escarpment  of  limestone 
and  shales  of  Bonvilston  curves  to  the  north-weet  and  disappears 
near  Welsh  St.  Donats  under  a  plateau  of  what  appears  to  be 
Lias  concealed  by  Glacial  Drift.  It  reappears  amnnd  part  of 
Stallino^  Down,  where  a  thick  band  of  purple  oolite  occurs  at  the 
base  of  the  shales.  At  Llansannwr  the  shales  contain  several 
oolitic  bands,  the  lowest  of  which  is  at  least  25  feet  thick. 

Some  lead-Yeins  were  fomierljr  worked  at  St  Hilary  in  the 
main  limestone,  and  a  lode  which  is  thought  by  Mr.  Tiddeman  to 
form  the  northern  boundary  fault  of  the  Lower  Limestone 
Shales  at  Penllin  has  been  tri  •  !  f  >r  lead  at  Llangan. 

Millstone  Grit. — The  lower  part  of  this  snlMli\ision,  composed  (Messrs. 
of  coarse  quartz-grits  loaded  with  pebbles  ot  vein-quartz  ^J^d  j 
irregularly  split  up  by  thin  partings  of  dark  shale,  forms  the 
barren  moorland  of  Pant  Mawr  and  the  heights  of  Careg-gdch, 
Dys^wylfa  and  Careg-lern — ^iaige  areas  on  which  are  entirely 
devoid  of  vegetation.  It  furnishes  the  purely  siliceous  sand  from 
which  the  celebrated  Dinas  Fire  Bricks  arc  made,  and  is  worked 
for  that  purpose  at  Penwyllt.  Fcrmerly  these  grits  and  some 
much  crushed  sandstones  above  them  were  worked  on 
Cribarth  also. 

The  shales  which  fonn  the  middle  part  of  the  Millstone  Grit 
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(Messrs.       cK;cii]iy  a  largo  jmrt  of  the  tract  wliioli  separates  the  cfrit-srarps 
^^XcantrU'   ^^^"^  ^^^^  ^^^"^  l^ield.        ;iro  so  tliit'kly  overspread  with  ]x>iilder- 
*"     n  >  •         ^Ymt  no  opportiinilies  have  oeeiirrcd  of  investigating  tho 
fossiliferoufl  Hinostones  in  them  which  have  beon  descried  in 
provioua  Annual  Rejym^s. 

Tlie  Farewell  Rock,  or  np|K3rmnst  sandstone  of  tho  series  of 
sandstones  and  slates  of  which  tlie  liiglier  ix>rtionof  the  Millstone 
(Jrit  consists,  presents  no  esscntinl  ditt'oronfe  to  the  s.'mdstones  of 
the  Coal  Measin'es,  and  is  not  i  asily  sejMirabie  from  tliom.  Tho 
line,  in  lact,  between  tliese  formations  merely  marks  an  arbitrary 
division  usefnl  for  purposes  of  classitication,  but  of  no  geological 
significance.  The  base  of  the  Millstone  Grit,  on  the  other  hand» 
indicates  an  abnipt  changoof  original  conditions  of  sedimentation 
over  a  large  area,  for  not  only  were  sand  and  pehhles  spread 
abundantly  over  a  region  in  whicli  onlv  limestone  or  line  sands 
had  previously  boon  aeenmulaliug,  but  a  certain  amount  of 
erosion  of  the  sediments  already  deposited  took  place.  It  is  not 
impossible  that  the  absence  of  tho  "  rottonstone  shales "  east  of 
Careg  Cadno  may  be  due  in  part  to  such  erosion,  but  their  per- 
sistence, when  once  they  have  appeared,  makes  it  more  probable 
that  their  present  extension  represents  the  limits  up  to  which 
tlie^'  originally  reached. 

Ihis  shght  erosion  of  the  top  beds  of  the  limestmio  is  not  to  bo 
confused  with  the  subsequent  dissulutiun  oi  that  rock  which  has 
sometimes  proceeded  on  so  great  a  scale,  both  in  Monmouthshire 
and  Glamorganshire,  as  to  simulate  an  unconformity.  Attention 
}ias  boon  drawn  in  previous  Rrpovta  to  the  lowering  of  masses  of 
Millstone  Grit  by  the  removal  of  their  limestone  support,  and  in 
tho  district  examiiit'd  last  year  Mk,  0  \ntiui,l  tindsthat  there  are 
several  small  patclus  of  ^fillstone  (rrit  on  tin*  west  of  tlie  Tawo 
lying  as  mucli  as  100  feet  below  the  level  of  the  main  grit  escarp- 
ment The  bedding  is  but  little  distinrbed,  and  the  masses  rest 
on  the  "  rottenstone  shales/'  showing  that  their  position  is  not  due 
to  contemporaneous  erosion  of  the  top  beds  of  limestone.  They 
art'  ilionght  by  Mr.  Cantrtll  to  have  moved  slowly  down  and 
away  ti«.iii  the  parent  bed  after  the  fashion  of  a  landslip. 

CiHil-inniHH rra. — The  equival(?nts  of  the  Steam  (^oals  of  the 
GibViD")  R^oi^*l^l*^  Valleys  have  nt>w  been  traced  by  Mil  Stu.vuan  and 
Mr.  Girson  wcRtwanl  along  the  north  crop  as  far  as  Ystrad- 
gj'idais.  They  iticlude  in  descending  order  tlic  Rod,  tho  Stwrain, 
and  the  White  Veins,  which  have  been  worked  to  a  small  extent 
here  and  tliere,  and  bolnw  tho^;<>  th'^  Four  Feet,  the  Eighteen 
Feet,  the  Nine  Feet  or  lii.:  and  tlie  lira-^s  or  Yard  Veins,  nil  of 
which  have  been,  or  are  bi  ing,  extensively  worked.  The  Eight  i  en 
Feet  and  Nino  Feet  Veins  correspond  to  the  Six  Feet  and  Nino 
Feet  of  Aberdare,  but  in  the  ground  last  surveyed  they  have 
changed  from  the  condition  of  stt  am-coals  into  that  of  tnio 
antl»racitic  coals,  after  pluming  through  an  intermediate  stage  in 
tho  Vale  of  Neath. 

'J  lu?         of  tho  ( 'o;d  iiH ^ls^r^'^  is  not  cjisily  identified  owing  to 
the  jKJur  develo|)ment  of  tin  Faa  uell  The  ('impir>g  ooal, 

however,  which  is  the  lowest  seam  in  tho  \  alc  of  Neath  and  at 
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Hirwain,  can  be  recognised  in  the  Vale  of  Swansea  also,  aiul  the  (Mcs-i'^. 
base-line  has  been  drawn,  as  m  those  distriets,  so  as  to  include  jitfuluui  and 
this  s»'am  and  some  shales  below  it  in  the  Coal-measures.    A  * 
considerable  thickuess  of  ban-en  mcfistires  which   form  the 
Mynyddy  Dnim  separate  the  Stwrain  from  the  Red  Vein,  biit 
the  Ited  Vein  is  followed  at  no  great  distance  ))y  the  Welsh  Vein, 
the  IHochin/ the  Yny^^r^v•ed,  and  the  Pen-v-gnii^f.    Of  these  the 
Ynysarwed  is  regank'd  as  tfie  represmiatu (tf  No.  2  Rhondda, 
and  the  lVn  y-[^rfii'_r  of  No.  1  Hhondda,  f>  vi-  w  which  i?j  borne  out 
by. the  fact  thai  the  Ynysarwc<l  lies  at  the  loot  of  a  cra^^  of  grit 
and  marks  the  oncoming  of  the  great  mass  of  Pennant  sandstone. 
It  is  'nptieeaUe  also  that  a  hand  of  conglomerate,  containing 
himps  of  ironstone  and  pebhlefi  of  quartz  in  a  coarse  grit  matrix,' 
lies  a  few  feet  above  the  coal,  a  feature  which  has  frequently* 
been  ohsrrved  in  the  rot)f  (»f  Xo.  2  Rhondda  dsowhorr.  The 
Ynysarwed  coal  is  about  2  tevt  10  indues  thick,  and  being 
worked  at  (^'rviiant  and  Itesolven  as  a  steam-coal.    '  •  '*  *      ^  -  ■ 
Tiie  measures  above  No.  2  Rhondda  continue  to  show  that 
change  which  has  been  referred  to  m  former  Aniiwtl  Reports  as 
taking  place  westwatd.     Though  chiefly  oomix)sed  of  massive 
grits  in  the  loweir  part,  they  contain  many  bands  of  shale  with 
thin  seams  of  coal  m  the  upper  part.    The  coals  also  tend  to 
become  more  important  westwards,  and  hnve  hpon  largely  worked 
in  the  Neath  and  Swansea  nei^hl'Murhoods.    The  re-survev  of 
this  tritct  having  been  .only  begun,  it  would  be  premature  to 
attempt  a'  precise' correlation,  hut  so  far  as  the  evidence  jet  col- 
lected goes  the  seams  appear  to  correspond  to  the  Llantwit  group, 
the  lowest  of  them  bemg  the  Graigola,  which  becomes  the 
Wenallt,  tlto  Rettws  Four  Feel  of  ilic  Llynfi  and  Garw  Valleys, 
and  the  Ty-dn  Vein  of  Llandyfodw^^  and  Ton-yr-efail.  Tlir 
Ty-du  Vein  is  probably  the  Pen  y-groes  Vein,  winch  lies  al»out 
60  yards  below  Llantwit  No.  3  in  the  Llantwit  basiiL  Whether 
any  representative  of  the  Mynyddislwyn  Vein  or  Llantwit  No.  1 
MUite  At  Keoth  otr  Swansea  cannot  yet  be  st.ated. 

These  measures  lie  in  a  deep  svncUne  whicli  runs  east  and 
west  across  tiie  Vales  of  Neath  anrfSwanscn,  nnd  is  i  ra versed  1«y 
a  succession  of  large  north  and  south  faults.    Though  risiii.( 
gently  northwards  to  th^  north  ornp,  they  turn  up  alMnquly 
towards  the  soutli,  and  the  massive  grits  of  the  lower  part  of  the 
Pentiantr  emerge  along  the  north  sido  of  Swansea  Bay  with 
inclinations  of  40"  and  60*,  forming  a  <  nnspicuous  range  of  hills 
between  fiaglan  and  Swansea.    At  their  base  there  occur  three 
seams  of  coal,  about  ten  yanls  apart,  wliirh  have  been  wnrkod 
on  the  east  sido  of  l?ritnn  Imtit  nndrr  tlio  names  of  the  Tor- 
mynydd,  Jonah,  and    Whiu;   \'«ans.     The  Tor-mynydd  Vein 
corresjX)nds  in  position  to  the  Ynysjirwed  of  the  north  crop  and 
to-  the  Rook  Fawr  of  the  south  crop,  jind  therefore  represents 
Ko.  2  Rhondda.   This  identifieatipn  alVords  a  <  hie  to  the  ]K)siiion 
of  th^  lower  productive  measun^s  in  tin;  tbreshore,  where  they 
have  not  Vft  bt^'U  ])roved,  but  it  should  be  renienilK  red  that  the 
•Mo<il  (jilau   Faidt.  whorv  last  .si-cn  near  Ra-^lan.  ranges  in  a 
Westerly  direction  across  Swansea  liay.and  that  it  is  accompanied 
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(\res8n}.      by  much  disturbanoe  of  the  straU^  especially  on  its  northern  or 

U'Slonl"^*^  upthrow  side. 
'  The  disturbance  alluded  to  takes  the  form  of  somewhat  slrnrp 

folding,  such  as  is  seen  in  the  sides  of  the  Cwm  Avan  Valley.  It 
may  be  noticed,  however,  that  the  plication  is  generally  confined 
to  such  plastic  strata  as  compose  the  infra-Pennant  scries,  the 
massive  rennant  grits  themselves  showing  but  little  disturbance. 
A  good  example  of  the  different  effects  produced  by  compression 
on  the  two  rocks  is  furnished  along  the  Vale  of  Neath  Disturb- 
ance, whore  the  Pennant  escarpment  eidubits  a  gentle  and 
uniform  dip,  though  ike  soft  measures  below  it  are  t£rown  into 
sharp  folos.  Ezfdorations  are  now  showing  that  the  lower 
measures  are  too  much  crushed  and  broken  over  considerable 
tracts  near  the  liead  of  the  Rhondda  Valleys  for  their  coals  to  bo 
workable,  though  the  Pennmit  rock  overlving  theui  is  unbroken, 
a  fact  which  emphasises  the  iiii[Hirtancc  ot  trachii,'  out  such  hues 
of  crush  as  those  of  the  Vaie  of  Neath  and  (Jnbarth  in  the 
greatest  detail 

The  anthradtisation  of  the  coals  which  has  been  alluded  to  in 

iimast  Atmual  E^/^o?*^  proceeds  steadily  in  a  direction  somewhat 

west  of  north.  The  lower  seams  of  the  north  crop  in  the  Vale 
of  Swansea  are  tr\ir-  anthracites,  while  the  Ynysarwed  Vcm  or 
No.  2  Rhondda  Ixcuiues  a  steam-coal  at  Resolven,  and  is  inter- 
mediate between  a  steam-coal  and  an  aiiLhracite  at  Crynant.  Of 
the  Neath  veins  the  Wemfiraith  alone  is  a  house-coal,  all  the 
others  being  steam-coals,  though  they  correspond  to  the  Llantwit 
group,  the  most  noted  houssMOoals  of  the  coal-field.  No  con- 
nection has  appeared  betwco!i  tho  anthracitisation  and  the 
faulting,  but  tlio  change  seems  rather  to  be  a  form  of  regional 
metaniorphism  dejxnident  upon  the  temperature  to  which  any 
pan  of  the  coal-held  has  been  subjected  duiing  dcprciision, 
as  was  suggested  many  years  ago  by  Ds  la  Bbche.  More  preciae 
information  than  we  at  present  possess  as  to  the  changes  under- 
gone by  any  one  seam,  and  as  to  the  direction  of  mA-gitfuim 
change,  is  highly  desirable. 

A  few  fossihterous  horizons  have  been  noted  in  the  Coal- 
measures.  The  shales  above  No.  1  Rhundda  in  Kesolven 
Mountain  have  been  found  by  Mk.  GiiisoN  to  contain  slightly 
calcareous  ironstone  nodules,  in  which  entomostraea  of  the  genus 
Carhonia  are  associated  with  Anthracomya.  Black  shales  with 
ontromostraca  have  been  noted  by  him  also  beneath  a  coal  that 
may  represent  No.  3  Rhondda,  250  feet  below  the  Ynysarwed 
Vem  or  No.  2  Rhondda.  Mr.  Howel,  of  Bryn  Coch,  has  furnished 
specimens  of  LeAikt  and  AnUhracmni/d,  with  the  remark  that 
they  abound  in  the  shales  associated  with  the  Graigoia  seam  near 
Neath. 

(Mr.StMhaii.)    FaulUanid  Distv  rlunu  rs. — ^In  the  Summary  of  Progi'e88  for 
1897  the  course  of  the  Vale  of  Neath  Disturbance  was  trac^,and 

mention  w^as  mndo  of  a  parallel  line  of  fold  of  whi(^li  c\ndcnco 
had  l>ecn  oblamed  seven  miles  to  the  north-west.  These  two 
great  hnoK  of  cnish  have  now  been  more  fuU^  worked  out,  and 
their  general  similarity  as  well  as  jiarallehsm  have  boajmc 
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Strikingly  evident  Both  may  bo  described  as  narrow  belts  of  (Mr.Straliftii.) 
contorted  strata,  the  contortion  (K-rasionallv  passiii*^'  into  fracture 
and  even  ovcrthnist,  as  at  Diims  iiock.  Though  ac  conipaiiied  by 
some  normal  faulting,  tliey  are  not  comparaolo  in  any  respect 
with  the  clean-cut  normal  N.N.W.  &nltB  which  form  so  con- 
spicuous a  feature  in  the  structure  of  the  coal-field,  but  have  evi- 
dently resulted  from  compression  brought  about  by  a  force  acting 
from  tbo  north-west.  That  tlicv  afforacd  relief  is  rhar  from  the 
undisturbed  condition  oi  the  strata  on  either  side  ot  and  between 
them.   (See  Plate  II.) 

At  its  point  of  entry  into  the  coal-field  the  Vale  of  Neath  Dis- 
turbance consists  of  a  series  of  sharp  flexures,  the  net  result  of 
which  is  a  downthrow  to  the  north-west  of  about  200  vards,  for  at 
Glyn  Neath  the  top  of  the  Millstone  Ghit  of  the  southern  dde  of 
the  Talley  would,  if^ projected,  pass  that  cUstance  above  the  top  on 
the  northern  side.  Further  west,  however,  as  subsequently 
explained  the  downthrow  is  in  the  opposite  direction,  tor  the 
Ynysarwed  (No.  2  Khondda  )  and  other  seams  crop  out  about  two 
miles  further  north  on  the  south  side  than  on  tlie  north  side  of 
the  valley,  an  e&et  which  would  be  brought  about  by  a  vertical 
downthrow  to  the  south-east  of  about  250  yards.  Here  asain, 
however,  the  displacement  is  probably  due  to  a  number  of  folds 
rather  than  to  a  clean  fracture,  but  tne  disturbed  belt  coincides 
with  and  is  ci'ervwherc  hidden  by  the  alluvial  i\at  of  the  Neath. 
This  is  the  last  deHnito  evidence  obtained  of  thu  existence  of  the 
disturbance ;  it  probably  dies  away  a  short  distance  to  the  south- 
west, for  no  trace  of  it  exists  at  Briton  Ferry. 

The  parallel  line  of  disturbance  alluded  to  ma^  convouiently  be 
named  after  Cribarth,  a  conspicuous  anticlinal  ndge  of  limestone 
flanked  by  Millstone  Grit.  The  disturbance  enters  the  area 
undergoing  revision  in  Glyn  Senni,  and  runs  thence  to  the  Tawe 

Vallev  thronirb  {rroimd  surveyed  by  Mr.  Cantrttj..  Tt  wfis-  found 
by  him  to  traverse  a  depression  between  Fans  Fraith  and  Gihirych 
as  ft  faulted  syncline,  the  oftect  of  which  was  to  repeat  in  Fan 
Giiiuych  the  hard  red  sandstones  which  form  Fan  Fraith,  at  the 
same  time  that  it  introduced  a  small  outlier  of  "  grey  grits  "  and 
limestone  in  the  depression.  It  is,  therefore,  a  downthrow  to  the 
north-west.  The  disturbance  can  be  traced  thence  by  high  dips 
towards  the  Tawe  Valley,  which  it  enters  to  the  north  of 
Penwvllt  Here  it  consists  of  a  strong  anticline  crossinGf  tmder 
Crai^-y-N6s  Castle  and  forming  the  crest  of  Cribarth,  with  an 
equally  marked  syncluie  on  its  north  side,  while  a  syncline  in  the 
Tawyneu  Vidlejr  and  an  anticline  in  Gefin  Ctl  are  also  probably 
oonnected  with  it 

The  crags  and  rocky  sides  of  Cribarth  afford  a  perfect  dissection 
of  the  disturbed  belt,  and  show  that  it  consists  there  of  a  series 

of  sharp  synclines  and  anticlines.  They  enable  us  also  to  see 
that  thou|[^  the  disturbance  as  a  whole  keeps  its  character  for 
some  miles,  yet  the  individual  folds  composing  it  rarely  rnn  more 
than  half  a  mile,  the  princii>al  anticHne  of  Cribarth  alone  ex- 
cepted, which  continues  for  not  less  than  three  miles.  The 
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(Mr.strahotL)  auticliiies  and  syncliuos  thorotoru  may  more  correctly  described 
as  elongated  domes  and  basins  respectively,  ra[>idly  giving  place 
to  one  another,  and  crowded  into  a  oelt  of  about  a  mue  in  width. 
Tiio  disiurhance,  as  a  whole,  lias  at  present  been  traced  for  a 
distance  of  about  ton  miles  in  a  general  dinn  tion  VV.  35"^  S. 

The  fact  that  these  two  great  lines  of  disturbance  run  nearly 
at  right  nni^les  to  the  north  and  south  system  of  fiiultinLT,  hut  in 
a  direction  not  widdy  ditV^rent  lo  that  of  the  pre-Triassie  folding 
of  South  GlamorLfaubliirc,  i^uggested  that  they  also  may  bolon:?  to 
the  earlier  age,  and  this  inference  seemed  ,  cgniin nod  l)v  the  fact 
that  in  ime  caso  at  least  the  anticlinal  axis  was  distinctly  shifted 
by  a  north  and  south  fault,  as  subsequently  described.  t  On.  Uie 
other  li.iinl,  this  yriir's  work  lias  irindr-  f'<  rtain  what  was  only 

•  suspected  hrfnio,  that  some  powcrhd  faults  of  the  north  and 
.  s'luth  systi  III  ruu  up  to  the  Vale  of  Neath  Disturbfinco  and  lose 

thciu.^uivcs,  in  it.     A  notJihle  example  is  that  of  the  Pen  Cast<^ll 
,  Fault,  a  largo  downthrow  to  the  west,  which  has  been  traced  by 
Mr.  Gibson  from  the  south  into  the  disturbed  belt  near  Hesolven, 

•  but  which  dojs  not  cmcrg(j  on  the  north.  Still  more  significant 
'  is  the  behaviour  of  the  (Hyn  Corrwg  Fault,  a  great  westerly 

downthrow,  which  rnn«5  u\U^  the  disturbance  from  the  south  ai^d 
turns  at  right  aiigles  to  follow  it  west  ward.  •  The  [jr^ot'  of  this 
structure  lies  in  the  fact  that  the  Vale  of  Neath  Disturljjinco  is-a 
downthrow  to  the  north  down  to  its  intersection  by  the  fault, 
but  that  at  that  intersection  it  suddenly  becomes  a  downtluow 
in  the  opposite  direction.  It  is  evident  therefore  that  the  strata 
in  the  angle  formed  hy  the  fanlt  on  the  east  and  the  disturbance 
^  on  the  north  have  dropped.  . 

Another  fact  which  may  tlu'ow  liirlit  on  the  age  of  the  two 
disturbances  is  that  both  have  obviously  influenced,  the  direction 
of  the  rivur-Nyft.lem.  The  Neath  Ixjlow  the  c(Mif1u<;nt'.c  of  its  Hve 
principal  tribuUuies  follows  the  one  rigitlly;  the  Tawc,  though  it 
crosses  the  other,  turns  immediately  to  nm  parallel  with  it- .  |n 
"this  the  Vale  of  Neath  and  Crn)arth  Disturbances  ditVer  both 
from  the  north  and  south  system  of  faulting,  and  from  the  prp- 
Triassic  east  and  west  folding.  ncitluT  of  which  has  .had  any 
share  in  determining  the  dh'ection.s  of  the  rivers. 

'I'ho  three  secti'  >ri^  ('  >nin*Tia:  Plate  II.  have  been  drawn  to  illustrate 
the  points  rnentionoil  al<ove.  Section  1  is  taken  through  the 
great  exca\ation  on  I'cnderyn  Foci,  where  crushed  Millstone  Grit 
has  been  dug  for  the  manufacture  of  fire-bricks.  The  highly 
inclined  grits  and  the  normal  fault  aro  fully  exposed  in  the  |at, 
as  depicted  in  the  section,  while  the  luultca  syhcline  shown 
further  north  is  readily  traced  in  and  alonv'  the  south  side  of  the 
Hepste.  Section  2,  one  and  a  hall  niiles  west  of  Section  1.  sliows 
that  the  fault  has  })assi*d  into  a  l)elt  of  broken  limestone  inter- 
sected by  an  inhnite  uumber  of  vehis  of  cak-spar,  this  crush-roqU 
forming*^the  bed  of  the  Sychnant  The  synchne  to  the  north  is 
« still  recognisable,  white  the  main  anticline  has  sained  intensitv, 
and  admirably  exi>r.  ss.  s  the  compression  to  ^^ch  the  whole 
Structure  is  due.  In  the  Bwa  Maen,  or  Bowstone,  the  folding 
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of  the  liiiicsLone  liaa  about  reacbal  its  limit  of  possible  sharpness.  (Mr.Stmhan.) 

In  Section  3, 500  yards  further  west,  that  limit  bias  been  passed, 

and  tbe  limestoiu-  of  the  north  side  has  not  only  broken 

away  ftom  that  of  the  south,  but  has  been  pushed  over  both  it 

and  some  of  the  overlyincr  ^lillstoiie  Crit.    Ift;re  relief  from  tho 

strain  was  obtained  by  overilirusiiuLT,  and  sharj)  toidiu^  lH;camo 

no  longer  necessary.    The  seotiuii.s  illustrate  tho  development  of 

an  overthrust  from  a  broken  anticline. 

Of  the  no  nil  and  south  liaults  traced  last  year  the  principal 

are  the  folluwiug  :— 

The  lleorj^d  FaulL  which  caiuiCc>  the  tine  watertall  of  that  uame,  by 
throwini^  Cofti-tneasore  shales  down  on  the  west  against  Fare- 
well Roi  k  on  \]\>'  *  a-t.  Tt>  course  northwards  is  clearly  marked 
to  Peiiwyllt,  where  it  cut.s  acrotis  and  shifts  the  crest  of  the 
Cribarth  anticline  ;  southward  it  enters  the  Coal-measures  near 
Capel  Oolbien  and  dies  out 

The  Olyn  Cor rw;^' Fault  has  I. cen  traced  into  the  Vale  of  Neath  at 
Bhieu  Gwrach  l>y  Mr,  Gibson.  It  is  commonly  identified  with 
a  we.sterly  do^vnnthrow  of  40  yards  which  runs  west  of  the 
Aberpergwm  workings,  and  has  been  j)roved  on  the  east  of 
Onllvsyn.  The  two  faults  are  nearly  in  fi  line,  but  their  identi- 
flcation  by  the  uiiaer.s  was  wholly  conjee uiral. 

The  Pwllau-Wh  Fault  htis  been  traced  from  the  Vale  of  Neath  near 
Pentrc  Ch\ ydau  across  Hir  Fynydd  to  Bryn-y-GanL  Thence  it 
runs  between  Onllwyn  and  Seven  Sisters,  on  the  ea.^t  of  Abcrcraf 
Colliery,  and  serves  to  account  for  the  termination  of  the  outcrop 
of  pebbly  it  which  forms  so  marked  a  feature  on  the  southern 
sloju'M  of  Cribarth.  It  cannot,  however,  be  found  either  to  the 
north  of  the  Cribarth  Diiiturbaace  or  to  the  south  of  that  of  the 
Vale  of  Neath,  though  its  throw  near  Onlhvyn,  between  the  two, 
amounts  to  80  yards  down  to  the  west. 

The  Pen  Ca-t^  ll  Fault  lias  iiln.ady  been  mentioned.  It  would,  if  it 
kept  its  course  across  the  Valo  of  Neath,  pass  near  Blaen  Nant- 
yr-Hebog,  where,  however,  the  continuotu  crop  ol  the  Ynysarwed 
Vein  sliows  that  there  is  no  fault. 

The  Crjnant  Fault  is  a  do>vnthrow  to  the  wc^'t  which  may  be  traced 
from  the  Vale  of  Neath  across  the  mountain^  and  has  been  inter- 
sected in  the  mouth  of  Crynant  Level.   It  is  believed  to  be  the 

Weni  PKiuy^  Fault  of  Swansea  Valo,  which  has  a  thntw  of 
21  yards,  but  it  seems  likely  to  be  upwards  of  60  yards  at  Sam 
iieleu,  by  the  identiiiaitiou  of  the  coal-crops  on  either  side  of  it. 

The  Ynys-geitton  Fault  has  been  proved  at  the  collienr  of  that  ttame 

in  Swansea  Vale  to  Ix-  a  downthrow  to  the  west  of  56  yaids.  Its 

course  southwards  has  not  y(  t  been  determined. 

A  uumber  of  large  north  and  .south  faults)  near  Neath  and  Briton 
Ferrv  were  undergoing  investigation  at  tbe  ckae  oi  tiie  year,  and 
will  be  described  in  next  year's  Report, 

Two  well  iL  irkcil  post-Liassic  faidts  have  been  traced  in  tho 
neighbourhood  of  Cowbridge  by  Mil.  Cantkill.  They  run  in  a 
general  west-south-westerly  direction,  one  of  them  south  of  St. 
Hilary  with  a  downthrow  to  the  south,  and  the  other,  with  a 
downtlirow  to  the  north,  by  Ponrloylat!,  Welsh  St.  Donats, 
AberLliin,  Cowbridge,  and  along  Uie  noi  tli  ^ide  of  Llanbleiddian 
HiU. 

Witches*  Point,  at  Dunraven,  is  a  promontory  of  Carboniferous  Lime- 
stone, cai»^>ed  bv  Lias,  and  owes  its  existence  tn  a  large  reversed 
post-Liassic  fault  running  in  a  northerly  direction.  The  fault  is 
admirably  exposed  in  the  diff. 
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leicestenliiTtt  and  Berbyshiie. 

(Mr.  C.  Vox      Tho  lu  l(l-work  in  the  Leicestershire  and  South  Derbyshire? 

Strnngways.)  Coi\l-tiol(l  having  been  completed  in  1897,  Mii.  Fox-Strangways 
was  last  year  occupied  in  carrving  on  tho  survey  to  the  north 
and  east  so  as  to  complete  the  mapping  of  the  siu*rounding 
ground,  whi<^  will  be  included  in  a  special  map  of  the 
ooal-field.  In  tbis  maimer  all  the  area  to  the  south  of  the  Trent 
and  west  of  tho  Soar  has  been  finished.  The  rocks  comprised 
within  this  district  are  Carboniferons  Limestone,  Millstone  Grit, 
Permian,  Buntcr,  Waterstoncs,  and  Kcuper  Marl,  with  a  certain 
amount  of  Drift,  principally  on  the  eastern  side. 

The  re-survey  of  these  rocks  has  necessitated  Yorj  consideEalle 
modifications  of  the  old  boundary-lines.  The  Carboniferous 
Limestone  and  the  Millstone  Grit  remain  indeed  mainly  as 
shown  on  the  published  map,  but  a  rather  larger  exposure  of 
the  former  has  been  found  at  Calke  Abbey  than  is  snown  on 
that  map,  while  a  fine  clift*  of  the  limestone  in  the  piivate 
grounds  had  been  coloured  as  part  of  the  Millstone  Grit 

When  Mr.  Fox-Strano wa ys  nrst  commenced  the  rerkion  of  this 
ground,  he  thought  that  the  different  beds  of  grit  might  be 
traced  out  separatels  ,  but  he  afterwards  foimd  thorn  not  to 
ho  siifticiently  marlicd  in  this  highly  cultivated  district  to 
adniit  of  being  map]>i'd  satisfactorily.  Some  of  the  strontfor 
l>eds  which  may  l)o  traced  for  a  certain  distance  help  to  show 
tho  general  nm  of  the  strata. 


Staffordshire. 

The  resignation  of  Mr.  De  Haxce  already  referred  to,  rendered 
necessary  some  te-distribution  of  the  staif,  in  order  to  push 
forward  the  re-snr\'ey  of  the  North  Staflfordshire  coal-field  and 
the  surrounding  tra(  ts.    Acoordincfly  Mr.  VValcot  Gibson  was 
moved  fi'om  Wales  to  undertake  the  continuation  of  the  mappins^ 
of  the  Coal-measures.  Mr.  Wedd,  on  his  appointment  last  spring, 
was  placed  among  the  so-called  Permian  rooks  on  the  west  side  of 
the  coal-field.    In  tho  autumn,  after  quitting  his  field-work  in  the 
Highlands,  Mr.  George  Bakt'.ow  was  requested  to  revise  tho 
older  OarboT  life  reus  rocks  which  emerge  from  under  the  coal- 
field on  lis  euiitern  side,  while  Mi{  Lamplugh  during  the  autumn 
undertook  the  examination  of  the  red  rocks  along  the  southern 
bordw  of  the  districL   The  general  supervision  of  the  whole 
field-work  of  the  region  was  entrusted  to  MR.  Fox-Stranowats, 
Yorediiie        Among  tho  Carboniferous  rocks  lying  to  the  east  of  the  coal- 
l^btone     ^^^^^  ^^'^  Barrow  has  made  considerable  progress  in  the  re- 
Grit  mapping.    These  rocks  belonc;'  to  tlic  Yoredalo  scries  and  Millstone 
(Mr.  George  Cnl,  but  include  also  a  portion  of  the  Lower  Coal-measures. 
J*«uww.)      They  essentially  consist  ot  dark  slialos  a.s8ociated  with  variable 
coloured  marls.   The  shales  generally  contain  plant-remains,  but 
they  axe  throughout  markra  by  tne  occasional  oocuirence  of 
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indurated  and  reinnrkal»ly  ^rsistent  bands,  which  are  often  Yoredale 
crowded  with  uiitiinu  organisms.    These  bands  are  lrct|uently  JJTj** 
underlain  by  seams  of  coal,  but,  in  the  area  surveyed  last  year  ^Vit!*^"^ 
they  are  too  thin  to  be  worked,  and  in  some  cases  are  merely  a  gir.  Geort'e 
kind  of  smut  banow.) 

Thv  shales  arc  further  characterised  by  the  presence  of  a 
number  of  sandy  beds,  ot"  wliidi  two  s])ecially  coarse  s^n-its,  lyiiiij 
below  the  Coal-measures,  are  known  as  the  Firfit  and  T/ilni 
O-t'its.  Some  distance  below  these,  the  tirst  group  of  the  hue  hard 
sandstones  that  distinguish  the  lower  shales  as  a  whole  are 
otlen  qiiarried  for  roaa-metal  Fine  as  these  bands  generally 
are,  it  is  not  nncoininon  to  find  in  them  seams  an  inch  or  two 
thick  composed  of  |)e'l>hles  and  coarse  sandy  material.  Still  lower 
in  tlie  series  of  shales  comes  a  grit  that  varies  greatly  both  in 
tliickiiess  and  coarseness.  It  is  made  up  of  grit-lenticles  with 
irregular  marly  partings.  Mjeu  Barrow  believes  that  it  undoubt- 
edly represents  the  Yoredale  Grit  of  the  area  to  the  north,  which 
Professor  Green  included  in  the  MiUstone  Grit.  The  base-lino 
for  the  Millstone  Grit  has  been  drawn  at  a  much  higher  level  near 
Stoke  than  in  the  district  further  north  ;  this  rlitVt  ronce  being  duo 
to  the  rapid  thinninir  away  and  sphttixig  of  the  gritty  strata  as 
they  advance  soutliN^ards. 

A  great  thickness  of  shales,  as  the  persistent  high  dips  show, 
underli€»  this  eroup  of  grit-wedges,  and  passes  down  into  an 
alternation  of  tnin  tine  sandstones  and  shales,  beneath  which 
come  the  impure  limestones  and  dark  shales  that  overlie  the 
main  mass  of  tlie  l)erl>yshire  Limestone.  Even  in  the  lowest 
tine  sandstones,  liowever,  careful  examination  shows  the  presence 
at  times  of  lines  and  pockets  of  pebbles,  suggesting  that  they 
represent  the  dying-uut  southward  of  the  Mulstone  Grit  rather 
than  any  part  of  we  true  Yoredale  aeries,  which  the  so-called 
Yoredale  series  of  this  district  does  not  in  the  least  resemble. 
Whatever  may  prove  to  be  the  tnie  age  of  this  great  mass  of 
shales  with  the  fane  hard  sandstones,  it  ("crtniTily  seems  desirable 
not  to  apply  to  them  the  term  Yoredale,  as  has  ahso  hven  found 
advisable  in  the  north  of  England.  The  hard  shale-bands  with 
their  marine  organisms  will  almost  certainly  enable  us  eventually 
to  determine  whether  those  shales  are  not  reallv  replaced  by  grits 
of  Millstone  Grit  ai^e  to  the  north,  so  that  tne  question  can  be 
left  over  to  be  decided  by  tlie  results  of  the  revision  of  tho 
ground  on  the  larcfc  scale  maps. 

The  Carlx^iiirerous  rocks  had  been  L^reatly  disturlx^d  and 
faulted  in  the  area  lietween  Stoke  and  the  Churnet  YaUey  before 
the  deporatbn  of  the  Bunter  formation.  One  of  the  most 
remarlukble  features  in  the  district  is  the  existence  of  what  may 
be  termed  pseudo-escarpments.  Standing  on  the  edge  of  tho 
Millstone  Grit  we  invariably  look  down  on  a  valley  composed 
of  the  higher  Coal-measures  no  matter  what  may  1)0  the 
dimensions  of  iho  valley.  So  iiersisteut  is  this  feature  as  lo 
convey  the  general  impression  tiiat  we  are  looking  at  a  series  of 
ordinary  eBcarpments  with  lower  and  not  higherheds  rising  up 
from  beneath  went  The  singular  arrangement  here  referred  to 
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Yorodale     ^  repeated  on  a  finer  scale  in  the  outcrop  of  the  great  mass  of 

Herii-H  and  Iliiicstone  to  the  cast.  In  ulinost  all  e&sm  the  Millstone  Grit  and 
Miii.siorie     tho  Limestono  rise  from  tho  low-j;round  with  a  high  dip,  wliich 

(Mr  CJeorKe  ^^^^-'^  horonics  nciirly  vertical  and  in  some  few  easrs  is  aetnally 
liarnw.)  invortcd.  Hut  at  the  top  of  each  psciuio-esairpnient  the  dip 
almost  iiivariahly  flattens  and  is  olten  c|^iiite  low  at  less  than  200 
yards  from  the  *'  edge, "  as  this  feature  is  often  CiiUed,  and  is  SO 
often  pi  I  [letuatod  in  village-immes  such  as  Brown  Edge,  Bad- 
dolov  Edge,  etc. 

The  Siime  singular  tojjographical  detail  is  to  be  found  in 
Nortlmniberland.  wliere  in  almost  any  (piarry  in  the  Great 
Liiiu  sltiiie,  wliiK'  thf  shalos  iu\d  saiul^toius  arc  t[uito  horizontal 
along  ihe  strike  face,  the  limestone  is  almost  always  more  or  less 
violently  contorted.  Tlie  explanation  may  bo  that  when  the 
district  was  subjected  to  the  "compression"  movements  that 
compacted  the  niuds  and  sands  into  idiales  and  sandstones  the 
limestone,  which  is  peculiarly  dense,  was  possibly  more  incom- 
prt'ssihle  and  "  buckled-np  "  everywhere,  as  the  only  means  of 
enabling  it  to  occupy  a  .smaller  space.  In  the  Staliordsliire  area 
the  grit  and  limestone  were  both  deposited  upon  a  considerable 
thickness  of  soft  mud,  which  could  be  squeezed  into  a  smaller 
space  than  the  grit  and  still  smaller  than  the  limestone.  The 
height  of  the  tseudo-cscarnment  gives  an  index  of  the  difterenco 
in  compressibility  of  the  difierent  varieties  of  material.  As  the 
evidence  from  Xorthumberland  would  lead  us  to  expect,  the 
limestone,  being  least  compressible,  has  given  rise  to  higher 
pseudo-escariin  icnts. 
C<iai-  The  coal-neld  mapping  by  Mb.  Walcot  Gibson  has  led  to 

results  of  considerable  scientific  interest,  and  some  of  which 

Sromise  to  be  of  economic  importance  in  regard  to  the  future 
evelopment  of  the  coal-mining  indnstry  of  the  region. 
Tlie  Upper  Coal-measures  cover  a  wide  area  west  of  Burslem 
and  Longton  and  attain  there  a  'jroat  development.  By 
means  of  tho  detailed  surveying  with  maps  on  the  siuilc 
of  six  inches  to  a  mile  it  has  been  possible  to  subdivide  this 
great  thickness  of  strata  into  four  groups  which  are  marki dly 
constant  in  lithological  characters.  They  arc  distinguished  by 
the  presence  of  zones  of  limostones  and  shales,  rich  in 
f ntornostraca,  which  have  been  found  to  be  of  considerable 
strati  graphical  value.  Though  seldom  exceeding  a  foot  in 
thickness,  the  cntoraostracan  limestones  are  persistently 
developed.  Some  zones,  consisting  oidy  of  an  inch  or  two  of 
shale  or  limestone,  but  frequently  crowded  with  entomostraca 
belonging  to  the  genus  Carboma,  have  been  traced  along  the 
strike  ftir  con'^irliM-ahl*  distances.  Tliese  7:<»nes  have  served  ns 
useful  diitum-lines  in  determining  the  po.sition  of  .some  thin  coals 
towards  the  base  of  tho  series,  besides  materially  a.ssisting  in 
tracing  the  main  dislocations  of  the  district,  and  in  showing  the 
great  probability  of  the  existence  of  Up[>er  CoaKmeasures  at  the 
surface  to  tho  west  of  the  Xorth  Staffordshire  anticlina 

The  strata  are  well  exhibited  in  numerous  marl-pits,  cmarries, 
road-and  railway>cuttings  and  stream-courses,  west  of  the  Pottery 


tneasiires 
(Mr.  GilMon.) 
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to^vns  of  Burslem,  HHiUey,  StDke-upn-Treut>aiid  Longton.    The  c«al- 
best  sections  of  the  tapper  Measures  in  the  Midland  Counties  are  'ilf'^H^j?'' 

to  be  fountl  in  this  district.    So  far  a^s.the  revision  has  proceeded,  («^' 
tlie  follow  iu^  stratigraphical  divisions  in  descending  order  have 
been  recognised:^  ' 

f  lied  saiuUtonus  aud  uiarlti,  calcareous  brec- 
Icias,  fo^siHferoiis  (^tomostraean)  limestones. 
1  The  l)ase  is  a  ]»l,tck  nhixle  crowded  with  the 
(4)  Mede  ikmditone  Strie4<  v&xmim  ot  Jf  ntouwBtmm,  while  sontc  red  umrls 

above  coptain  numerous  plaiite;  of  Coal-mea^iure 
si>ecies.  Thickness  exceeding  700  feet^  but 
mnuiuit  nowhere  seen. 

Grey  sandstones,  maris  and  shales,  with  fuur 
tbin  coak.   Two  bands  of  fossiliferous  lime- 
i=>tone(Enfoitwafr<icfr ,  .1  /;  ///  rtirmn  rf< i ,  f i >1 1  i-emains) 
.form  the  base.    Thickness  2;'>o  30o  feet. 
(   Red  and  mottled '  marls  with  thin  bands  of 
j  f-nar>o  irnM  H  cnit^  near  tho  ><uinniit  and  base. 
I A  «SyA*ror^i«-iimetttone  occurs  80  feet  below  the 
Uummit  at  ChestBitan,  Thickness  700-900  feet. 
(    Grey  and  mottled  marls,  the  grey  Tuai  l  ])re- 

J dominating;.    Hands  of  ironstone  with  luitonio- 
stracu,  Aiif/introsta  {Carionicola)^  tish-rcmains. 
Oocafiiotial  liands  of  grit  aometimes  80  iw^  thick. 
y^,.  ^..^         ^       ....Several  thin  rmls.    Xnnierous  zones  of  linie- 

I'  stoue  and  shales  with  KniwnoKtrara  ;  a  band 
of  limestone,  constant  in  |)osition  (3G  40  feet) 
above  tlu'  HiUvsey  Mine  Tn  nstone,  fonns  the 
base.   Thickness  about  250  feet. 

The  hase  of  ttih  great  thickness  of  confonnnWe  monsiircs  is 
,  taken  at  tho  first  limestone  abovo  the  Bassey  Mine  Ironstone,  a 
divisional  line  which  ha.s  been  alieady  proposed  by  Mii.  Wakd.* 

In  taking  the  Bassey  Mine  Limestone,  as  it  is  generally  known 
in  tJie  .district,  a|i4  those  at  the  base  of  the  other  groii[)s  as 
divisionallines,  it  must  bo  remembered  that,  for  the  present  at 
leaajtf.tbeji;  are  strictly  lines  pf  convenienca  As  no  strati- 
graphical  break  has  yd  In  r  n  fisoertaincd  in  the  entire  Coal-  * 
measure  series  of  Nortli  Siallorclsliiro,  it  is  necessary  to  fall  back 
on  arbitrary  lines  for  dividing  up  the  strata,  and  for  this 
purpose  these  limestone-bands  arc  most  nsofiil.  As  the  work 
advance^,  it  may  be  found  necessary  to  include  in  the  Upper  Coal- 
measure,  betls  low  r  I  fi  ill  the  system.  All  that  is  cuumed  for 
the  divisions  in  the  table  hero  given  is,  that  the  ditierent  groups 
tbiis  discriniinatod  can  be  recognised  over  the  whole  area  and 
can  i)C  satistaetorily  laid  down  on  tlu-  map. 

Owing  to  the  valuable  nature  oi"  llie  Bassey  Mine  Ironstone 
and  the  marls-.,  above  and  below,  numerous  marl-pits  ft-om 
Ix)ngton  to  Burslem  have  been  opened,so  that  the  crop  of  the  lowest 
Jlini6St9ne  c^m  be  readily  traced  .  For  the  sake  of  comparison 
these*  marl-pits  have  been  measured  foot  by  foot,  and  sections 
have  been  plotted  on  n  uniform  scale.  Some  slight  litliologi(!al 
^and  pnl!T'(>nt\>logical  «^roimds  e.xist  for  taking  tb<'  Bassey  Mine 
liimostone  as  a  dividiug-Une  from  the  beds  below.    Above  this 

*  JoHM  Ward,  "  The  Geological  Features  of  the  North  Staffordshire  Coal 
J^eMs.^'  Tntm.  North  Sk0.  liuL  Min,  owl  Mec,  Eng^  vol.  z.  p.  36, 1890. 
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CoaI-  limestone  no  workable  coals  occur,  these  being  confined  to  the 
?M**GiSo  ^^^^0  Lower  divisions  adopted  for  North  Stallbrdshire. 
^  The  Middle  dimion  is  the  chief  repository  of  the  ironstones  and 

Pottery  coals,  the  Lower  division  contains  the  b<^t  and 
thickest  bituminous  coals.  The  fauna  above  the  limestone 
and  that  of  the  limestone  itself  are  essentially  estuarino  or  fresh 
water  througiiout,  wliilu  uiarine  beds  occur  in  the  Middle  and 
Lower  divisions.  Mu.  Kidston*  also  stales  that  the  flora  above 
the  Bassey  Mine  Limestone  is  different  as  a  whole  from  that 
below  it 

Below  the  Bassey  Mine  Ironstone  come  the  Little  Row  Coal 
and  Peacock  Coal.  The  grey  marls  above  the  Bassey  Mine  and 
l^  .Kock  Coals  are  locally  known  as  the  Bassey  Mine  and  Peacock 
marls.  The  marls  are  extensively  used  in  the  district  in  the 
manufacture  of  saggers,  stilts,  brieks,  &c. 

(1^  The  limestone  above  the  Bassey  Mine  Ironstone  is  very 
persistently  developed  at  a  uniform  distance  of  36  to  40  feet 
above  the  ironstone.  It  is  a  lijjht  grey  or  blue  limestone,  rich  in 
En  tomostraca.  Spirorbis  is  faurly  common,  while  fisli -teeth  and 
scales  firo  also  pr*'soiit.  Resting  on  the  limestone  are  three  to 
four  inches  of  red,  grey,  or  black  shales,  eontaining  abundant 
remains  of  Entoinostraca  associated  with  Anthrawmya  sp. 
In  the  marl-^its  at  Sneyd  Green  and  Burslem  a  black  calcareous 
shale  averaging  one  foot  in  thiokneBS  and  laxgdy  made  up  of 
ErUomoetraca  is  exposed.  It  is  constant  m  its  position  at  forty 
feet  above  the  Bassey  Mine  Liracstonc,  the  intervening  measures 
consisting  of  grey  nodular  marls  with  occasional  lenticular  bands 
of  yell<jw  grit. 

In  the  marl-pits  near  Burslem  several  thin  bauds  of  grit,  Iving 
in  grey  marls,  come  in  about  fifteen  feet  above  tbis  black  snalei 
Tbe  bands  axe  seldom  more  than  two  inches  thick.   Some  are 
»     apparently  barren  of  fossils,  others  contain  plant-remainSp  while 

two  or  more  bands  contain  entomo5;tracan  remains  associated 
with  a  small  form  of  shell  as  vet  undetermined.  Tlie  presence  of 
this  curious  little  fossil  on  this  horizon  is  interesting,  as  a  similar 
Ibrm  is  abundant  in  some  red  and  grey  measures  at  Western 
Sprink,  certainly  as  low  down  as  the  lower  part  of  the  Middle 
division  of  the  productive  measinres  of  the  aLstrict.  Associated 
with  it  at  W(  st(  rn  Sprink  is  Lvn^gvla,.  Above  these  fossilifcrous 
grits  some  red  and  grey  measures,  and  thin  entomostracan  shales, 
are  well  exposed  in  the  marl-pits  at  Lonu:ton,  Fenton  Low,  Hamp- 
tons, Cannon  Street,  and  Ladyswell.  In  Hamptons,  Ladyswell  and 
Cannon  Street  marl-pits  a  lliin  band  not  exceeding  four  inches 
thick  of  a  black  shale  with  EnUmMudraea  lies  a  few  feet  above  a 
three -foot  coal.  In  all  these  pits  the  beds  between  the  coal  and 
fossiliferous  shale  consist  of  red  mottled  marls.  It  is  a  noticeable 
fact  that  throughout  the  T^pjx  r  l\Teasures  of  North  Staffordshire 
the  Enfirinofitrarfi  are  fo^uid  in  strata  that  overlie  a  sot  of 
rod  beds  or  lie  in  the  midst  of  red  rucks,  as  if  the  presence  of 
ferruginous  solutions  liad  been  essential  to  the  full  life  of  these 
minute  crustaceans. 

•  11.  KiDSTON,  "Additional  records  aud  notes  on  the  Tussil  Flora  of 
the  Potteries  Coal  Field.''  Trani,  Boy.  Soc.  Sdin,,  1887. 
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Thirty  feet  above  the  shale  in  the  Ladyswcii  and  Cannon  Coal- 
Street  marl-pits  a  shaly  ironstone  containing  Anthmeomya 
FhiUipgU  18  overlain  by  a  massive  nit  Very  much  the  same  ^  * 
section  is  exposed  in  the  Longton  Hall  marl-pit,  where,  however, 
the  three  inches  of  shale  are  replaced  by  a  four-inch  band  of  grey 
linK'stono  with  Carhonia  and  tish  remains.  How  far  the 
mciibures  jnst  described  correspjnd  with  the  Black  Band  series 
of  the  Siivcrdaio  district  remains  to  be  aiscertained,  but  they 
appear  to  lie  <m  the  same  horizon. 

(2)  The  Black  Band  series  graduates  upwards  into  a  gpnat 
thickness  of  red,  mottled,  and  ochreous  marls  with  occasional 
bands  of  coarse  grit  and  conglomerate.  The  grit  bands  are 
thickest  and  most  frequently  jm-sent  towards  the  snnnnit  and 
base  of  the  seriea.  It  is  j)roposed  to  name  these  strata  the 
Etruria  Marl  series,  from  tneir  being  eiLtensively  excavated  at 
Ctruria,  From  Cockoage  on  the  south  they  are  exposed  in  an 
almost  continuous  line  of  pits  to  Chesterton  on  tne  norUi,  a 
distance  of  8  miles.  Large  marl-pits  have  also  been  excavated 
in  the  Silverdale  and  Maileley  Heath  districts.  The  marls  are 
used  for  bricks  and  drainpipes.  In  the  Heath  brick-pits  at 
Chesterton,  thirty  feet  of  grey  sandstone  with  a  slialy  ironstone 
and  til  ill  coal  below  it  are  overlain  and  under iuni  by  red  marls 
belonging  to  the  Etruria  series.  The  ironstone  is  made  up  of 
laminffi.containing  numerous  flattened  specimens  of  ATUhracomya 
PkilUiysii.  In  the  M(;tu11ic  brick-pits  at  Chesterton  a  tmn 
nodular  band  of  red,  marly  limestone,  containing  largo  specimens 
of  Spiro7'his,  o<  <-nrs  about  70  feet  below  the  snnnnit  of  the 
series  in  a  thick  dtjp«*sit  of  red  marl.  This  is  the  only  locality 
in  which  a  fossiliierous  band  lias  been  found  in  the  Etruria 
marls. 

The  next  series  in  ascending  order  conosts  of  grey  sand- 
stone,  marls  and  shales,  with  four  thin  coals.  Two  of  these  coals 
towards  the  base  arc  fonnd  over  the  whole  district.  The  base  is 
drawn  at  the  horizon  of  two  bands  of  limestone,  which  have 
been  found  to  be  constant  in  |)osition  beneath  these  two  cm]s. 
As  this  subdivision  of  the  measures  is  well  exposed  iu  the 
raflway-cutting  at  Newcastle-under-Lyme,  it  is  proposed  to  call 
it  the  Newcastle>under-Lyme  series.  It  possesses  very  constant 
lithological  characters,  and  is  easily  recognised  from  its  position 
between  two  sets  of  red  measures  (the  Keele  series  above  and  the 
Etruria  marls  l)«'l()w). 

The  limestone  and  fossiliferous  shale  at  the  base  are  invariably 
present.  The  following  section,  seen  iu  the  mail-pits  near  Long- 
port  Station,  gives  the  characteristics  of  this  part  of  the  series : — 


Ft  In. 

Yellow  flags  and  shaK  s  -  -  -  -  20  0 
Yellow  shales  (fish-remaiua)  -  -  -  0  6 
Red  shal&s  (Carbonta)  -  •  -  -  1  6 
Black  shales  (Carlnmia^  fi.sh -remains)  -  -  2  0 
Red  limestono  {Carbonuif  fiali-reiiiaiDS)  '10 

Yellow  shale  08 

Blue  HnicMtone  {CarbomOt  Antkraeomya)  •    1  0 
Yellow  shall!        ------     1  0 

Purple  marls  (Etruria  series)      -      -      -  30  -h 
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Coal-  .'P^*^  s|>u<'iiiicns  o(  A  nthi'<i('o)nt/n  ill  tho  blue  Hjiiestf.mc  arc 

ineasures.  fimaTl  ill  sizo  but  iulmiiabl^'  |)rosorve(i  lu  the  red  slialcs 
(Mr.  Gtbaon.)  ^^^j^tod  with  the  Hmostoiio  m  tho  roAd-cutting  from  Trentham 
to  Whitmorc,  Puof.  Ki  tei; r  Jones  rc<  t>i,niist's  Ksdier'ui.  Ivrwlhi 
and  (Jii  rhni  'oi  ndltrrionn.  It  is  lielievrd  (bat  the  Newcastle 
series  will  \)hy  an  important  mrt  in  fiitnvo  ixtrin'^''  oporntions  by 
leadinfj  to  tho  n  (  (.Lriiitii>!i  of  tJio  j)r(;scnov  '  >t  l^pju  r  ( "<  al-jueasuros 
Ixnicatli  tho  red  ruek.s  tliat  coiieoid  tho  Coal -measures  on  the  west 
and  south  of  the  coal-field. 

(4)  Tho  Nowcastle  sories  graduates  upwards  into  a  considerable 
thickness  of  red  sandstones,  marls,  and  occasional  oorastono, 
which  are  well  seen  in  <iuarnes,  railway  eiittinijfs,  and  natural 
exposures  around  Keele.  H<  nrc  thes<' strata  max  !>«■  ronvc-niently 
distiniruished  as  tho  Keele stiii  s.  The  ar<  a  (x  i :upie<l  by  tliom  is 
eul<nux:d  as  Porniian  on  the  puljlishcd  Geologie^il  Survey  Map  ( ( >ld 
Series).  The  fact  of  their  strict  conformabili^  to  undoum  ed  t  ■  p^xjr 
Cbal-mcasuros  has  been  mentioned  in  the  Summari/  of  Progress 
for  1897  (p.  109).  Fresh  oidonee  wjis  obtained  last  year  to  prove 
their  intimate  connertinn  with  the  Up^>cr  Coal-measures,  and 
it  i<^  a  qucstifiTi  for  fnrlhnr  investigation  how  far  those  rod 
nieasun  s  should  be  grouped  with  tho  Tipper  Coal  nicjisnros 
or  taken  as  representatives  of  the  Supra-Carboniferous  rocks  of 
Continental  geologists.  They  certainty  cannot  be  classed  with 
the  Permian  formations  of  Lancashire  and  the  N.E.  Counties. 

In  the  Newstead  boring,  where  550  feet  of  red  meaisures  con- 
sisting of  alternations  oi  red  micaceous  ?;andstoncs  and  red 
marls,  ov(Tlying  tho  Nowcastlo  series,  were  pierced,  the  base  is 
provisiourtlly  taken  at  a  blaek  and  red  shalo  (with  Carbon  Ui, 
Fish-teeth,  Pdf'<-yp(xl(i),  which  has  not  been  met  with  at  tho 
surface  of  the  ground,  though  the  red  sandstone  with  comstone 
bands»  a  few  f(^et  above,  is  seen  in  many  sections.  This  railway- 
cutting  near  Keele  Park  Station  exposes  a  good  section  of  red 
sandstones  and  marls;,  in  the  midst  of  which  lies  a  band  of  blaek 
limesto!io  diic  foot  tliick,  whii-h  has  yielded  s]"iP('i mens  of  r'-rr?)')H  ?(i 
and  8piri>r^i(s.  Ill  Dunge  Wood  a cream-eulourtMl  limestono.  with 
Cicrhoni't  and  A vlhra CO niva,  is  associated  with  red  uiurls  and 
sandstones,  but  the  • 'round  is  here  traversed  by  faults,  and  this 
limestone  may  be  the  seam  that  is  found  at  the  base  of  the 

New<'astle  series. 

West  of  Madeley  atid  Ashley  Mr.  WKni>  fnids  (hose  rod 
monsnres  coming  to  tin'  smfaee  from  under  the  'IVias  in  ilie 
VVilloULflibrid<je  and  Murkksloiie  districts,  where  thev  consi.sl  ot 
dark-brown  and  pink-brown,  Jine-graiiied  felspathic  sandstones. 
Marls  are  there  seldom  seen,  but  tho  same  observer  thinkis  it 
probable  that  red  marls  ocuaipy  some  of  the  g»Mitly  sloping  ground. 
SV'ar  Willoughbridge  he  has  come  upon  a  dark  limestone  with 
(\irhooiti  as^^oeiati'd  witli  rrini'^on  man  fbat  has  luMni  formed  from 
th"  Wi^atheriug  of  a  icd  rdsjutlluc  .sanrlstone.  Whil»'  he  i<  '/M'fk 
this  limestono  as  uudoul>hidly  in  place,  he  has  also  found  lanrks 
of  a  hard  crystalline  and  gn»yish  butV  liuuslone  lying  on  the 
floor  of  a  disused  quarry  near  Sid  way  Hal],  east  of  Willongh> 
bridge,  which  no  doubt  have  oonie  from  a  seam  that  was  dug  out 
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of  the  pit,  though  not  now  visible.    No  oiganisms  were  found  in  Coai- 

the  blocks.  Iw'^^S'f' 

Tho  red  colour  of  the  Keole  series  is  no  doubt  original.  ^  '* 
Throughout  the  entire  Coid-zneasure  ^riod,  over  what  is  now  the 
area  of  North  Staffordshire,  red  deposits  were  being  laid  down  at 
intervals.  The  rod  marls  and  limestones  of  Western  Sprink  and 
the  red  sandstone  above  tho  Ten- toot  coal-  are  scarcely  dis- 
tintruishnble  from  thoso  in  tho  Ker-le  scrie*?. 

In  Spriiii,''  \"all«  v,  TrontlKXiii  JVirk,  a  bnMTia  is  oxpDsrd  wliich 
is  niudc  up  of  siiutll  angular  fragments  of  Carbonifeious  Lime- 
stone in  a  red  matrix.  It  is  unconformable  overlain  by  Pcbblo- 
beds  of  Bunter  ago.  The  field-work  last  year  was  not  carried  for 
CDouL^h  to  determine  the  horizon  on  which  this  breccia  lies. 

An  interesting  spcjcimen  of  an  iron-ore  Avas  discovert d  l)y  Mr, 
CJiiisoN  townnls  tho  clo.so  of  the  .scjison  in  the  iMMitni^  I'aik  (^lay 
Pits.  Jt  is  a  greyish  ore,  ocourrin*^''  in  IhikLs  and  iiodulcs  in  gruy 
marl.    An  analysis  by  i)R.  Pollahd  shows: — 

(E.  3214.) 

FeO   4»'40 

F&,()3   -08 

ALOj   1  50 

P.O,   -24 

MnO   -82 

cwj     -----  trace? 

CaO  *86 

M-O  1-36 

CO,   31-87 

S  trace  (as  I'V-S^). 

( )i  _Mnic  matter       -       -       -  '47 

iiesidtieigniictl  -  WHS 
Water  at  luV  -      -  23 

IVater  on  ignition  -  1*20 

9»-7e 

Ignited  itiHfiluble  resitlue  : 

HiO..  7-22 

AlA  -----  4X)0 
F^O,  -41 

11-63 

Iron  total  amount  -  38*7% 

Mn.  Tkm.i,  states  that"  the  rock  is  eoin])os«'(l  almost  entirolvof 
.s|)]MTulite.s  of  siflt'i  itu.  The  splunulites  nu'a.sure  fronj  1  T")  litm. 
in  diameter  and  are  usually  eomposcd  of  8  or  10  itulixichial 
crystals.  They  are  often  stained  nrown  at  their  niargijis  in 
consequence  of  the  decomi)osition  of  the  siderito  and  the  oxida- 
tion of  the  iron.  Sometimes  the  spherulitcs  are  in  close  contact 
with  each  other  and  .sometimes  there  is  a  small  (piantity  of 
brown  interstitial  mutt«'r.  The  in.sohtV'lc  residue  consists  of  a 
very  fine  mud.    The  rot  k  is  a  sphero-.sitU'iitc." 

The  specimen  wius  obtjiiiicd  froni  an  horizon  between  the  Deep 
Mind  IcpnstoxLO  and  Knowles  Coal  at  79  yards  above  tho  latter. 
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(  cial-  The  Upper  Carboniferous  rocks  of  North  StatiVailshire  may 

rvf  "'r'^  with  probaDiUtv  be  regardeil  as  essentially-  an  eiituarino  or  frciih- 
(.  1%  uibioD.)  ^^^j  series  of  deposits.  In  the  waters  in  which  they  were  Uid 
down  small  crustaceans  b«?longing  to  the  genius  Carbonia 
flourished,  sometimes  in  extraordinary  numbers.  Constant 
oscillations  of  level  marked  by  tho  intercalation  of  thin  beds  of 
grits  characterised  the  jx;riod  throughout  its  duration,  but 
eventtially  there  came  a  time  of  elevation,  culminating  in  tho 
formatiou  of  a  land-sur£Ace  on  which,  alter  vast  denudation,  tho 
deposits  of  Buntar  age  weie  laid  down. 

The  determination  of  the  zones  in  the  up[)er  part  of  the 
Carboniferous  system  described  in  tho  foregoing  pages  may 
bo  found  to  have  an  important  industrial  ana  commercial 
bearing.  The  fact  that  the  Newcastle  Limestone  lies  at  the  bijuse 
of  grey  measures  interciilatcd  between  an  upper  group  of  red 
strata  (the  Keelo  Series)  and  a  lower  group  of  red  strata 
(the  Etruria  Marls),  has  enabled  Mb.  Gibson  to  detect  true  Upper 
Coal-measures  in  Keelo  Park,  Shutlanehoad,  and  to  the  west 
of  Leycett  Several  points  to  the  west  of  Madeiey  Heath  and 
Leycett  remain  to  be  worked  out,  but  there  seems  at  present 
to  be  little  doubt  that  the  Coal-measures  of  the  Pottery 
coal-Held  lie  not  far  from  the  surface  under  Little  Madcley 
and  Craddocks  Moss.  Evidence  has  been  obtained  that  tho 
strata  on  the.  north-west  side  of  the  North  Staffordshire 
anticline  do  not  uninterruptedly  descend  beneath  red  rocks 
(so-called  Permi  m)  to  the  west  of  Leycett.  but  rise  locally 
westward  under  Hayes.  The  effeet  of  this  change  of  iTu^lination 
is  to  briuLj  to  the  surface  strata  which  lie  considerably  below 
tho  unproductive  rod  series  and  to  bring  the  principal  coals  and 
ironstones  within  reach  further  west  than  might  have  been 
expected. 

In  the  Newstoad  boring,  in  inspection  of  the  cores  having 
been  kindly  permitted  by  Mr.  Geo.  Mitcheson,  Mineral  Agent  to 
the  Duke  of  Sntliorland,  the  Keele,  Newcastle,  Etruria  ana  Black 
Band  series  were  recognised  by  Mb.  Gibson  with  their  respective 
limestones  in  their  proper  places. 

Faults  and  Flexures. — The  North  Staffordshire  coal-lield  has 
been  powerfully  affected  by  earth-moyements.  These  take  the 
form  of  (1)  sharp  and  gentle  flexures,  tho  axes  of  the  folds 
trending  north  and  south  or  n  little  oast  of  north;  (2)  normal 
fault with  large  downthrows  to  the  east,  ranging  in  a  N.N.W. 
and  S.S.E.  direction  and  cojUinuiug  for  several  miles  as  powcrfid 
faults;  (3)  iaulUs  running  nearly  due  east  and  west,  often  of 
lare«  throw  but  of  short  length ;  (4)  faults  with  no  defixuto  trend 
ana  of  small  throw. 

No  conclusive  data  have  been  obtained  to  settle  the  relative 
ages  of  some  of  these  faults.  There  is  reason  to  suspect  that  tlio 
liiintt  r  formation  is  involved  in  the  fold  of  the  North  Statibrd- 
siurc  anticline.  The  Apedalo  fault,  with  a  large  downthrow 
to  the  east,  trending  N.N.W.,  and  already  traced  for  more  than 
ten  miks,  is  certainly  post-Triassic,  as  do  also  seem  to  be 
all  the  more  powerful  N.N.W.  fiiults.    The  BuUhuxst  laigo 
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fault,  trending  nciirly  X.E.  to  S.W.,  a|)|>eirs  to  be  connected  CoaI- 
with  a  fault  seen  at  Madeley  Manor,  which  brings  red 
Upper  Carboniferous  rocks  overlain  bv  Bunter  beds  against  ^ 
strata  as  low  down  as  the  Etniria  Marls.  Tlic  siinie  &ult 
apparently  runs  nndemeath  th«  drift  di-j^osits  of  Madelev  and 
appoai-s  at  Bar  Hill  Farm,  where  soTn;»  highly  inclined  I^unter 
Pebble  beds  are  faulted  a«'aiu>t  n  d  r|ijM  i' ('oal-imvi^tircs.  The 
fault  is  again  lost  beneath  supoilicial  d»  i)i>.^iis  to  W  iimiiigton. 
From  this  point  to  Mucklestune  a  tault  with  a  downtlu'ow 
to  the  west  has  been  traced  by  Mr.  Wedu.  At  Xormocot 
an  east  and  west  fault  with  a  throw  estimated  at  250  yards 
may  affect  the  Trias,  but  this  point  rcnuiins  to  bo  settled. 

In  any  attempt  to  rlassity  the  faults  and  folrl^  of  the  Nortl; 
Stiitiordsliiro  Coal-field  it  should  Ije  borne  in  mind  that  the 
Coal-measure  period  was  one  of  gtnitle  oscillations,  as  shown 
by  the  recurrence  of  marine  beds  amidst  those  of  estuarine 
origin  in  the  Middle  and  Lower  Coal-measures*  During  the 
TOst  interval  between  the  time  of  the  highest  Carboniferous 
strata  and  that  of  the  Trias  there  may  have  been  many 
geographical  changes  in  the  n-gion,  but  in  the  end  the 
elevatory  forces  gjiined  on  those  ol  depression  and  culmiuaied  in 
the  Buuter.  The  connection  of  tf»e  faults  and  folds  with 
these  upward  movements  and  with  the  downward  movements 
during  which  the  Mesozoic  rocks  were  deposited  remains  for 
fiiture  investigation.  There  is  some  evidence  in  support  of 
the  idea  that  the  Swynnerton  Dyke  and  some  of  the  N.N.W. 
&ult8  may  be  of  Tcrtiar)'  age. 


Lome* 

In  the  last  two  anniuil  statements  of  the  work  of  the  Geological 
Survey*  reference  has  been  made  to  a  smaU  patch  of  red  marls, 
sandstones,  and  conglomerates  which  have  long  been  known  co 
occur  at  the  Bridge  of  Awe  These  straUi  have  been  generally 
regarded  as  belonging  to  the  Old  Red  Sandstone,  thou»^h  no 
fossils  liad  ever  been  obtained  from  them.  As  some  of  their  hods 
seemed  not  unlikely  to  yield  organic  remains,  advantage  was 
taken  of  Mb.  Tait's  renewed  search  for  ftuther  ichthyoUtes 
among  the  Lower  Old  Red  Sandstones  of  the  Oban  district  to 
subject  these  strata  to  a  closer  examination.  As  already  stated, 
his  labours  were  rewarded  by  the  discovery  of  a  number  of 
organisms  -whirh  suffice  to  show  that  the  strata  in  question  do 
not  belontj  to  the  Old  Red  Sandstone  but  to  the  Carboniferous 
system — a  fact  of  the  greatest  interest  in  regard  to  the  geological 
liistory  of  the  West  Hij^hlands. 

The  spedmens  obtamed  by  the  fossil-collector  included  a  ^mi.  reach.) 
small  number  of  fossil  plants,  which,  however,  were  unfortunately 
in  a  fraraientary  state.   Such  as  they  are,  they  have  been 
subniittea  to  Mr.  Kidstox  who  finds  that  they  consist  of  stems, 
rootlets,  a  fern  rachis,  and  a  calamite  stem,  which  last  he 

*  Annttal  R^wi  for  1896,  p.  55 ;  Summaty  qf  Progrm  for  1897,  p.  8.^. 
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Mr-  Peach.)  thinks  is  referable  to  A  simirttlam  'ttrs  .scnthtcalatiif^,  Sclil.  While 
of  opinion  thut  the  plants  have  a  Calrit\  reus  Sandstone  (Lower 
CVirt)oniferous)  facies,  he  is  ffrtain  tliat  ihoy  cannot  Ijelong  to 
the  Lower  Old  Red  Sandstone.  A  pi>iiir  in  fnvonr  of  the 
Carboniferous  a^e  of  thesie  strata  is  that  a  small  patch  oi  plant- 
bearing  Carbomferom  rocks  was  detected  by  Professor  Judd* 
on  the  east  shore  of  the  Sound  of  Mull  near  Ardtomish,  a  distance 
^f  (ally  20  miles  to  the  W.N.W.  of  the  strata  at  Bridge  of  Awe. 

Another  piece  of  evidence  in  favour  of  the  Lower  Carboniferous 
aj^^'of  the  Bridge  of  Awe  beds  is  afforded  by  tlie  omirrenee  of 
the  cast  of  a  small  motliulifurin  shell  on  one  of  the  specimens 
with  rootlets  (T.  3257).  This  form,  though  badly  preserved,  is 
almost  identical  with  some  varieties  of  Moaiola  Macadttmi.Tort]., 
dne  of  the  commonest  shells  of  the  Cement-stone  group  of  the 
Lower  Carboniferous  series  in  Fife.  Liddesdale,  and  tlie  ?sorth  of 
Ireland.  Tlircc  varieties  of  the  shell  are  iigured  in  Fortlock's 
"Gcnlni.'-y  of  L( >i ulouderrv  and  Tyrone." 
pir.  Kysas-  ctii'"^*'<l'i«^ iice  of  this  discovery  Mr.  Kyxaston  re-examined 

the  locabiv  in  order  to  revise  his  mapping  of  the  ^ruvuid.  The 
result  of  tliis  further  scrutiny  was  to  convince  him  that  the  strata 
in  question  at  the  Bridge  of  Awe  are  the  highest  to  be  seen  in  the 
district,  and  that  they  are  not  overlain  by  any  of  the  Lome 
liiva^  a<  lit-  bad  previously  snp)X)sed.    On  the  other  bfirul.  it 
might  li.ivr  bct'U  expected  that  any  much  youn^rer  group  of 
strata  would  liave  lx*en  .separated  from  the  Losver  U\<\  Red 
Sandstone  and  its  lavas  by  a  marked  uncoiiforraabihty.    On  the 
banks  of  the  Awe,  however*  Mr.  Kynaston  has  traced  a  perfectly 
■conformable  succession  from  the  lavas  to  the  sediments.  The 
lowern^ost  strata  of  tbi'  latter  overlie  andesitic  lavas,  apparently 
identical  in  character  wiili   the  normal   type  of  tlie  district, 
and  moreover  these  lower  beds  *  nurain  a  very  distinct  admixture  of 
volcanic  niateiial,  the  conglomerate  frequently  showing  fragments 
•of  andesite  besides  the  numerous  quartz  peobles.   But  possibly 
this  lower  band  of  conf^lomerate  indicates  an  imconformability,  and 
the  volcanic  material  in  it  and  in  the  reddish  sandy  shales 
succeeding  it  was  derived  by  erosion  from  the  underlying  lavas. 
Mr  Peach  has  suggested  that  there  may  be  in  this  district  lavas  of 
Carboniferous,  besides  tho.se  of  known  Lowci-  Old  lied  Sandstone 
age.  He  argues  that  there  mu.st  be  either  a  great  straligraphical 
hreak  at  the  base  of  the  sediments,  the  tuft-like  beds  in  which  were 
4erived  from  the  mechanical  trituration  of  the  much  older  lavas 
underneath,  or  a  passage  upward  firom  the  volcanic  into  the  non- 
Tolcanic  rocks,  in  which  case  there  would  be  evidence  of  a  second 
and  younger  volcanic  .series  like  that  of  the  Campsio  Fells,  and 
an  iin*  onlormabilitv  would  probablv  be  found  to  exist  between  this 
series  and  the  older  lavas  of  Lornc. 
*•  Mr.  Kykaston,  however,  has  been  unable  to  discover  an^^  sign 

of  a  marked  break  in  the  continuous  succession  of  lavas  m  the 
neighbourhood.  He  believes  that  there  is  here  but  one  volcanic 
.senes,  that  of  the  Lower  Old  Red  Sandstone,  and  that  there  exists 


*  Quart,  Joum.  GtoL  Soc,  vol.  zxjut.,  pp.  684-685. 
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liere  a  amall  outlier  of  Carboniferous  sedimentary  rocks  which  ^mf.  k.v  qas^ 
«¥erlie  the  eroded  andesitic  lavas  of  Lome  where  these  abut^O 
against  the  great  dislocation  of  the  Pass  of  Brander  at  Bridge  of 
Awe. 

lale  of  Arran. 

In  the  Sammin/  <y  Piu^grew  for  1897  the  existence  of  true 
"^oal-measures  in  the  Isle  of  Arran  was  announced,  and  lists  were 

given  of  tin-  fossils  on  tin  evidence  of  which  the  identification  of 
strata  of  that  a«je  had  been  made.  l)urinj(  tho  past  year  the 
collections  of  fossils  have  been  more  carefully  oxaniine<l.  A 
portion  of  the  series  of  fossil  plants  from  the  C'aloifenms 
^uiulstoues  of  the  northern  part  of  the  island  has  been  gone  over 
by  Mb.  KiOfSTOX.  His  examination  shows  that  the  plants  from 
these  strata  have  a  strong  Lower  Carboniferous  faciea  The  most 
-conspicuous  and  common  plant  is  Lrjti(lif(lf>,i<liu»i  velthrim- 
ianum.  From  Locherim  Burn,  iho  locality  from  which 
Professor  Ivisox  Ma^^adam  obtained  the  plants,  a  list  of  which 
appears  in  the  Trans.  Ucol.  *S'oc.  nhtnyh,  vol.  v.  j).  IJKi,  he 
records  the  presence  of  Astcrocalamites  nmfljicultitufi,  the  siinm 
hm  which  ne  thinks  also  occurs  at  Bridge  of  Awe. 

A  special  collection  of  plants  was  gathered  from  the 
Tolcamc  zone  of  ilie  Calciferous  Sandstone  at  the  lo<  iii'v 
near  Lati^cran  Shepherd's  house  on  the  east  coast,  where  Mk. 
WCnsch  obtnined  specimens  of  plants  exhibiting  intcrnul 
stnicture  in  an  exceptionally  gooa  sUite  of  preservation,  as 
described  by  the  luLe  Professor  WilLiAMson.  The  collection 
thus  made,  consisting  of  plants  not  in  a  very  good  state  of 
preservation,  was  submitted  to  Mr.  KidSTON,  who  b*  lieves  one  of 
the  species  to  be  Lepidophloioa  wUnscfiianu^,  Wilhamson  (sp.), 
descrinod  liy  Williamson  by  mistake  as  a  Lfftifl  .Ji  .I'L-on. 
From  the  tincr  tufls  of  this  locality  he  rcct)rds  the  occurrence  ot  a 
species,  SplwHin'tci'iH  f  lifnxiea/  patent Issi ma,  new  to  Scotland, 
tne  only  other  Uritish  accord  of  it  being  from  the  north  of 
Snglana. 

City  of  Edinburgh. 

Owing  to  the  widening  of  the  North  BridL^e  in  Kdinb'.irgli 
it  became  necessiiry  that  the  street  leading  s»>uih  iVoiu  it  sh»»uld 
be  also  widened,  and  this  has  necessitated  the  pulling  down  and 
rebuilding  of  the  street.  The  west  side  having  been  tsiken  by 
the  proprietors  the  "  Scotsman "  newspaper,  extensive 
excavations  for  the  foundations  of  their  urtices  have  been  made 
beneath  what  was  the  old  Mnrket  Place.  rcvealiiiLr  tine  se.  non 
of  shale*^  mn<lst<)ncs,  and  santlstuncs  rcseiiiMiug  many  of  those 

.  so  counaou  ucjir  the  biisc  of  the  Cement-stone  st  rics  in  the 
South  of  Scotland.  The  strata  dip  at  10^-15«  to  the  K.\.K. 
Mr.  Dv'SCAS,  one  of  the  attendants  in  the  Museum  of  Sei«'n(H> 

.  and  Art,  fotmd  in  this  section  a  dark  seam  which  containoil 
fingments  of  plants,  Spirot^ia  and  ostracods. 
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  *  As  this  hod  is  apparently  the  lowest  from  which  fossils  have  - 

b(^<Mi  ohtjiintHl  among  the  rocks  tliat  underlie  the  city,  it  was 
thought  (losira)>l('  to  sean-h  it  for  fin'ther  orpfanic  roniams.  Mr. 
Tait  thereiore  made  a  collootion  from  it.  The  tish  remains  in  this 
Collection  were  svibmitteti  to  and  determined  by  Dr.  Tka<^l  air. 
The  Osiracods  were  named  hy  Mb.  J.  W.  Kirebt.  The 
recoj^isable  remains  of  plants  comprise  Adiantites  ^  UndaoB' 
fimnis  (now  known  as  Richnpteria  inequilatera),  Stigmarin, 
and  various  fern-stems.  The  wonns  are  represented  b}' 
Sj)f  rttrhis'  rn  ,'f>"i}ff  ri  H8  and  S.  hrJirfpirs,  still  attached  to  some 
of  the  plant -remains.  The  Ostmcmls  are  Ltpevddia  si'h}-pcf<i, 
L.  Oheni,  L.  ivriyhtlaiia  ^!),  Kirkhya  spinilis  (abuiulaiil), 
ArgiUwcia  cequalUy  Aglaia  cypridiniformU  (f ),  Byth(Kypri» 
,  sMunataf^),  The  higher  Crustacea  are  represented  by  the 
portion  of  a  carapace  of  AnthrapalcBmonf  while  fragments  of 
scorpion-skin  show  the  presence  of  arachnids.  Fishes  are- 
represented  by  scales  of  RhtZ'xiits  and  of  a  pala  oniscid  fisk 

yhi.  KiRKHV,  in  referring  to  the  ostraeods  examined  bv  him, 
says: — "By  far  the  most  common  form  is  Kirkhya  spiral  is; 
it 'is  very  abundant.  All  the  species  are  essentially  Lower 
Carboniferous  forms;  and  as  a  group  are  characteristic  of  the 
lower  half  of  the  Cement-Stone  Series  rather  than  the  upper. 

 Tlie  doubtful  things  are  always  mot  with  at  low 

liorizons,  and  had  the  lot  been  found  in  File  it  would  not  have- 
been  higher  than  the  Billow  Ness  beds"* 

This  paheontolo^cal  evidence  is  quite  in  conformity  with  the 
stratigraphical  nosition  assigned  to  these  Edinburgh  strata  hj 
the  Geological  survey. 

Permian. 

The  chief  feature  in  the  revision  of  the  **  red  rorks"  of  Central 
England  during  the  past  year  ha.s  been  the  change  made  in 
the  area  of  the  so-uilkd  Furmian"  formations.  As  already 
pointed  out  (21.  12G),  large  tracts  of  red  sandstones  and  marls  in 
North  Staftbrdshire,  hitnerto  coloured  as  Permian,  prove  to  be 
really  an  uppr  r  ]>artofthe  Coal-measures  into  which  they  pass 
<l(j\vii  conformably.  And  the  same  change  will  no  doubt  require 
to  be  made  throTTghont  fh«'  Midlands  as  the  revision  advances, 
^hir*****''  ^'^  I'ontiiiuing  his  lield-vvurk  along  the  north  of  Lcirestershire 
(.vir.  Fox  south  of  Derbyshire  Mr.  Tjjx  Straxuways  has  had  to 

stiangways.)  modify  considernbly  the  older  mapping,  chiefly  in  respect  to  the 
re<l  rocks.  In  the  district  of  Ticknall,  for  example,  he  has  been 
unable  to  find  evidence  for  any  of  the  N.E.  faults  which  have 
been  shown  to  the  west  of  that  place ;  hence  the  area  of  the 
Permian  ImhIs  (which  aro  quite  distinct  from  the  .strata  now 
relegated  to  the  Carboniferous  system)  is  considerai)lv  more 
extensive  than  it  has  hitherto  been  represented  to  be,     Tlius  the 

*  Sff  J.  W.  Kirkby»  *' Zones  of  Marine  Fossils  in  the  Calcifeioas- 
Sandstone  Series  of  Fife."  Quart,  Joum.  OeoL  <Soc.,  vol.  xxxvi.  (I88OX. 
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narrow  strip  of  Permian  strata  mapped  to  the  north-west  of  the  Leicestoi^ 
y'lWn^^e  o\  Hartshorn  really  extends  down  the  whoU^  lt  n>:t]i  of 
the  Foremark  Valley  until  it  is  lost  under  the  alluviiun  oi  the  y 
Trent  at  Milton.  The  other  patch  of  the  same  marls  and 
breccias  shown  on  the  published  map  at  Ingloby  is  found  to  come 
south  to  the  Carboniferous  Limestone  at  Ticknall,  on  which  it  lies 
nnconformably.  The  structure  of  the  ground  between  Ticknall 
and  the  Trent  is  certainly  rather  obscure,  and  ditlerent  explana- 
tions of  it  have  been  proposed.  Mr.  Fox  Straxgwav.-.  lias 
obtamed  some  fresh  evidence  which  may  help  towards  a  solution 
of  the  difficulty.  The  shales  which  have  been  map]xd  as  Coal- 
measures  between  Ingleby  and  Coppy  Hill  are  probably  of 
Lower  Carboniferous  age.  They  dip  regidarly  unuer  the  tine 
escarpment  of  ^ri]lstnnc-f:n*it  in  which  the  strata  have  a  distinct 
inclination  of  from  b"^  to  10"  towards  north -cast. 

In  preA'ioiis  A  nv»a!  Rrjirrjisof  the  Geological  Survey  rcfcronr'e  4^*"^ 
has  been  made  to  the  newer  red  rocks  of  the  island  of  Arniii,  ^  Qnnn.) 
r^rdinff  the  true  geolo^cal  position  of  which  no  definite 
endenoe  nas  yet  been  obtamed.  Mb.  Guxv  was  able  last  vear 
to  prolong  his  mapping  of  these  strata  at  tlie  northern  end  of  the 
island.  Near  the  Cock  of  Arran  a  dctachcfl  outlier  of  them 
consists  of  false-liedded  briLrbt-i-ed  sandstouf  (like  that  of 
Corric),  aliout  1,000  feet  in  tliirkncss,  and  of  beds  of  conglomernte 
which  mainly  overlie  the  sjindstune.  The  con<5lomerate  resembles 
that  exposed  in  Brodick  Bay,  and  lies  probably  on  the  same 
horizon.  As  the  beds  din  seaward  numerous  landslips  have 
occurred  and  the  hillsides  snow  many  gaping  rissures. 

On  the  west  side  of  the  island  siinilar  falsc-bcdded  red 
sandstones  occur  in  theMachrio  Water  and  to  the  norlbunrd  of  it, 
but  there  seems  to  be  no  equivalent  there  of  the  conglonitiatcs. 
In  this  part  of  the  island  the  younger  formation  appears  as  if 
•^uite  conformable  to  the  Old  Red  Sandstone  below  it,  so  that  it 
IS  not  easy  to  say  exactly  where  one  formation  vnds  and  the 
other  begins.  The  gently  inclined  newer  Red  Santlstone  of 
the  Machrie  Water  when  tracefl  up  the  strei^m  gradually 
increases  in  the  amount  of  its  dip  from  10'  to  '-lO'  vy  so,  as 
far  as  the  outcrop  of  a  conghiinerate  which  in«y  or  may  not 
be  part  of  the  Ola  Red  Sandstone.  A  similar  difficulty  occurs 
in  the  section  in  the  Machrie  Bum  and  on  the  coast  opposite 
Auchagallon.  While  it  is  to  be  hoj)ed  that  diligent  search 
will  result  in  the  discovery  of  some  fossil  evidence  which  may 
settle  the  exact  boundary-line,  there  is  meanwhile  no  doubt 
whatever  about  there  being  here  two  distinct  formations. 


Trias. 

Considerable  tracts  of  the  various  subdivisions  of  the  Trinssi( 
system  have  been  re-ma]>]v  d  during  the  jwst  vear,  chietiy  in 
tne  Midland  counties,  but  partly  also  in  South  \Vales.  South  Wales 

On  the  south  side  of  the  South  Welsh  coal-tield  it  has  been  ^fic^man 
necessary  to  survey  an  mterruptcd  strip  of  Upper  Triassic  rocks  and  Conti ill.) 
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>Sotith  Waie«.  whlch  intervenes  between  the  edge  of  theCarbomfi^rous  formatloDB 
iidd«^  and  the  coast-line  of  the  British  Channel.  During  the  past  year 
attAG^bii)  )  ^^^^  survey  has  been  nearly  completed  by  Messrs.  Tiddeman  and 

Cantrill.  One  of  the  conspicuous  feiitures  of  tliese  stratu  is  the 
occun*ence  anionic  tlioni  of  a  in'otip  of  conq'loincrates  or  breccias 
chieHy  made  up  of  tVaj^ments  uf  Mountain  Linie.slone — the  so- 
called  Dolomitic  C'unglouierate.  In  his  recent  fiekl-work  Mr. 
Cantrill  traced  these  conglomerates  and  breccias  to  the  east  ok 
Cowbridgo;  but  west  of  tliat  town  the  Trias  disappi'urs  and' 
littoral  hniestones  of  Lia^nc  age  rest  directly  on  the  Carboniferous 
rocks.  Further  on  again,  liowever.  the  Trias  reappears,  and 
Mk.  TinuEMAX  has  mapped  a  number  of  separate  areas  of  it.  Of 
the  pebbles  included  in  the  (onudomerate  and  breccia.Carljonifcroiis 
lamestone  forms  by  far  the  lai-gcst  proportion,  but  pieces  of  chert 
and  occasionally  of  sandstone  also  occur.  In  some  parts,  as 
near  Porthcawl,  marls  are  almost  absent  })ut  in  others,  as  near 
Pyle,  they  make  up  a  greater  thickness  than  the  conglomerates, 
A«  ox]ilainod  in  ]>rcvi()ns  Report^,  the  marls  and  conij^lonicrates 
J  were  conlemporaneonsly  tlnown  down,  the  latter  beinuf  Tt'orcly 

irrej^ular  accumulations  of  debris  at  the  fot)t  of  the  Trif^ssic  hhorc- 
cUfts.  The  occurrencg  of  foot-prints  in  the  conglomerates,  as 
recorded  by  Prof.  Soixas  *  proves  that  the  deposit  was  spread 
upon  a  foreshore  that  was  occasionally  dry.  The  finer  bands  of 
conglomerate  and  the  xnarls  not  infrec][uently  show  ripple-marks. 
Near  Porf]i -mwI  a  cave  in  the  Carboniferous  Limestone  is  noted 
by  Mr.  Tidukman  as  having  been  filled  with  Triassic  gravels 
marls,  and  travertin,  and  as  being  therefore  of  Triassic  age.  ^ 
At  Sutton  the  conglomerates  become  yellow,  and  are  with 

.  ^  difficulty  distinguished  from  Liassic  basement-beds,  but  us^aUj-; 

when  the  upp»  part  of  the  series  is  complete  it  consists  of  marls, : 
and  then  runs  n]i  without  any  break  into  the  Rhastic  beds. 
Ha'iriatite  has  been  fotnid  below  these  conglomerates  at  Rhythin, . 
but  attempts  to  work  it  appear  to  have  met  with  no  success. 

"  ^  The  niajpping  of  the  Kh;etic  beds  from  Cowbridge  westwards  by 

MESSRS.  TiDDEMAX  und  Cantrill  has  ^iven  prominence  to  the 
iact,  not  unknown  previously,  that  this  formation,  eompletoly 
changes  its  lithological  asnect  in  passing  from  the  ea^t  to  ihe  * 
west  end  of  the  Vale  of  Glamorgan.  At  Penarth  it  consists  of 
shales  with  thin  seams  of  limestone,  but  west  of  Cowbrid'_;-o  it 
includes  thi^'k  lieds  ut  white  quartz-sandstone,  which  increase 
westwurd.s  until  shales  become  quite  subordinate.  The  up])er 
Strata  of  the  Keujer  series  undeigo  a  corres}x>nding  chango 
in  the  same  direction,  so  that  it  becomes  increasmgly  cufficult 
recognise  the  base  of  the  AilruUi  contoiia  shales,  which 
served  well  for  a  base-line  to  the  Rhcetic  formation  at  Penarth. 

This  dcve!oj»in«"nt  of  auartz-grit  takes  place  in  th^t  area  in 
which  the  Secondary  rocks  pnss  on  tn  the  Millstone  Crrit  of  the 
north  side  of  the  gi'eat  Carditi  and  Cowbriil^e  pre-Triassic  anti- 
cline.  From  the  poor  devdonprnent  of  the  loww  red  portion  it 
"  ' '  tiie  Keuper  Marls  it  may  l>e  infirred  that  this  part  of  the  area  stood , 


*  Quart,  Jovm,  Owl,  Soe.  vol.  xxxv,  p.  &IU 
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above  water  diirini^  much  of  tlie  Triass'c  i>erio(i.  That  the  Millstone  South  Wale% 
■  Grit  formed  a  lanj;e  prt  of  the  shore-Hne  ot  the  uppermost  Keuper  l^!ess«. 
and  Rh^tic  U  obvious.    Here,  therofore,  we  find  the  source  of  anur^tliU.) 
the  quartz-aand,  and  the  explanation  of  the  close  Hthological 
resemblance  of  the  Seoondaiy  sandstone  to  Millstone  Grit. 

As  neither  tlie  stratigraphy  nor  pabeontolosT^y  of  the  Rli;etic 
stiatu  had  been  fully  worked  out  by  the  end  of  last  year,  an 
accoimt  of  them  is  reserved  for  a  subsequent  Sum  am of' 

In  Mr.  Fox  Stranoways'  area  already  referred  to,  he  has  Leicester- 
found  that  the  Waterstones  cover  a  much  larger  area  than  has 
hitherto  l)een  supposed.    Thoy  cap  most  of  the  high  ground  (M,.  Vov 
ah' tilt  Bretby  ParK.  Hrpton  Shrub*;,  and  Foremark,  tlfie  pebHe- Stranfiway*,) 
bo«U  only  coming  out  along  the  valleys.    The  hill  at  Foremurk 
Park  Farm  is  not  Millstone  Grit  but  Waterstones,  as  has  been 
shown  by  Mr.  Horace  T.  Brown.  The  Waterstones  also  stretch 
further  on  the  east  side  of  the  anticline.  The^  are  not  cut  oft' 
by  the  Breedon-O.sgathorpe  fault,  which  is  pre-1  riiissic,  but  extend 
down  the  whole  length  or  the  valley  to  the  north-ei\st. 

Thv  Keui^r  marts  will  remain  nearly  as  n  presented  on  the 
puljiisiiod  map.  but  their  line  of  Iwimdary  is  in  many  plar«"< 
considerably  moditied,  with  the  result  of  reducing  the  arta 
covered  by  these  mark 

'    In  the  revision  of  the  North  Staffordshire  coal-field  it  has  been  Nortb 
necessary  to  include  such  portions  of  the  surrounding  Triassic  PiJf^JjJ'*'"'*'' 
districts  as  were  required  for  the  completion  of  the  coal-field  Ba^>v, 
maps.    Mr.  Gibsdx  and  Mr.  ^^  edd  have  in  this  way  revised  Lamplugb„ 
the  Triassi(;  aioius  lying  along  the  western  l)orders  of  the  district.  » 
Mr.  L.\Mi'Li  uH  has  been  engaged  in  those  on  the  south  side,  *" 
while  Mr.  Barrow  has  taken  those  to  the  east. 

Messrs.  Gibsok  and  Wedd»  in  the  ground  examined  by  them, 
have  found  the  lower  portion  of  the  Triassic  series  to  present 
some  difficulty  in  mappmg.  either  from  complicated  structure  or 
from  the  thick  <'<>y*-Y  of  ftrift  deposits  imder  which  so  nmch  of 
the  older  formalioiis  is  lunied.  Thus  they  have  not  In'on  able  to 
sejMrate  the  Up|)cr  Mottled  .Sandstone  from  the  Buutcr  Conglo- 

*  merRte.  In  the  absence  of  Lower  Mottled  Sandstone,  the  Bunter 
formation,  to  the  west  of  the  Potteries,  may  be  regarded  as  con- 

■sisting  of  the  middle  division  only.  In  some  cases,  as  at  Beech, 
the  Tapper  Mottled  Sandstone  is  a)t^cnt,but  in  the  neighbourhood 

-  of  Muer  rnvl  Suibleford  a  bnek-red  mottled  sandstone  underlies 
the  Ki  up  r  series.  The  on ud, , however,  is  very  obscure  and 
evidcuLiy  Li-aversed  by  fauk.s. 

The  most  important  alteration  in  the  former  mapping  of  the 
Trias  in  this  part  of  the  country'  must  be  made  near  Pipegate, 

"where  Mr.  Wbdd  has  detected  keuper  sandstones  in  a  quan-y  at 
Dorrington,  in  a  tract  hitherto  coloured  as  Upper  Mottled  Sand- 
stone. 

*  The  Imse  of  the  KeujKjr  formation  is  a  hard  coarsc-tjiained 

•  brown  and  white  sandstone,  with  scattered  quartz  j)ebbles.  It 
•reeto  unoonformably  on  mottled  red  sandstone.  At  Bearstone 
the  basal  beds  have  been  observed  by  Mr.  Wedd  to  include  a 
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Noi  til  light  red  and  white  sandstone  with  characteristic  starlike  markings 
St ati.^riisiiiw.  standing  onl  on  tlio  weatlKul  surface.    The  Keuper  sandstone 

iiaiTow        consisting  of  pink-hn>\vn  and  wliito  sjin<lslone.  with  nmrl  partings, 
has  boon  extensively  quarried  at  Beech,  Chapel  Chorlton,  and 

JJurriiiLrton. 

Thu  bollom  of  tliu  Ivouper  Marls  has  been  drawn  al  the 
horizon  where  thin  tinc-grained  tlags,  with  useudomorphs  of  rock- 
salt»  ovcrlyiiwjf  Watorst«»iios  apj>ear.  Usually  a  small  rise  in  the 
ground  marks  this  liorizon.  The  Keuper  Marls  arc  seen  to 
overlap  the  Buntor  at  AsbK  y.  Maer,  and  a  little  south  of  Br.  ch. 

Mk.  Lamtluiju's  attcntiiin  was  given  to  the  (level* "puient 
of  the  Trias  to  the  stiutb  of  tlie  coal-rieUl,  wliere  from 
llie  scjircilv  of  rock  exposures  few  detailed  obser\'ations  are 

gossihle.  The  ground  is  underlain  hy  the  Keuper  Marls,  the 
ottom  of  which  was  mot  with  in  the  north-western  part  of  the 
district  between  Koi  ester  and  I  j>per  Tean,  where  the  small  tract 
of  Lower  KcMipor  Sandstone  at  Hollington  wiis  examined,  as  weU 
as  the  ridge  of  Bunter  Conglomerate  to  the  westward  of  that 
place.  Tlie  downward  srN|u<  ii' in  this  district  agrees  very 
closely  with  that  obic-rved  by  Mk.  SiiiAHAN  in  Cheshire.* 

As  m  Cheshire,  the  Keuper  Marl  here  passes  down  gradimlly 
into  thin  flaggy  alternations  of  marl  and  soft  sandstone  (Water- 
stones),  and  iht  >oare  underlain  bv  the  irr^^fular  Lower  Keuper 
Sandstone,  whi^  h  onenrs  in  tbi.  1:  l>eds.  often  strongly  cross- 
Iwddcd  and  sometimes  j)ebblv,  wiih  thin  marly  partings.  On 
the  published  map  this  .sandstone  is  not  separated  from  the 
Waterstones,  but  their  partition,  on  the  hues  adopted  by  Mr. 
Strahak  in  the  neighbouring  county,  may  be  found  desirable. 

As  was  pointed  out  by  tliat  otli«  er.  the  fitbologi"  al  characters  of 
the  sandstone  link  it  more  cbo-  ly  with  the  imderlying  Bunter 
Conglomerate  than  with  tlie  '>v,  rlving  Waterstones  and  Marl. 
This  cjuestion  will  bv  hk-il-  tuHv  eunsidered  iis  the  revision  of  the 
Triassic  areas  of  the  Midlautls  is  carried  on. 
(Mr. Barrow.)  lu  J^^P^J^g  the  tracts  of  Triassic  strata  to  the  east  of  the 
North  StaJfonlshiFe  coaUfield,  Mr.  Barrow  has  been  led  to  make 
some  obscn'ations  bearing  on  the  age  of  the  chief  movements 
by  which  the  structure  of  the  region  has  been  determined. 
Inese  movements  have  long  been  known  to  be  of  earlier  date 
than  the  Bunter  formation,  whi<^li  rests  with  a  violent  uncon- 
formabihty  on  the  disturbed  Carlx)nifcrous  strata.  Not  a  trace 
of  any  iaulting  or  disturbance  was  detected  in  the  cround 
surv^eyed  by  Mr.  Barrow  last  year.  At  the  same  time  no  has 
noted  the  pitted  pebbles  of  the  Bunter  beds  as  evidence  of  com- 
pression and  movement  of  much  later  date. 

As  in  South  Wales,  the  pre-Triassic  land  surface  appears  to 
be  still  nroserved  under  the  younger  tormation.  The  present 
topograpliv  of  the  Carboniferous  rocks  is  thus  probably  not  greatly 
different  nrom  that  which  they  possessed  in  the  Bunter  epoch. 
Patches  of  Bunter  beds  have  been  met  with  in  isolated  positions 

*Oeol,  M<w.,  Dec.  2,  vol  viii.,  r  Zi)C,  (1881),  and  in  the  GtUogkal  Burveif 
Memoir  on  Me  Neighbourhood  of  Chetier  (1882). 
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in  several  ports  of  the  district,  even  on  the  hill  tops.   The  (Mr.Banow.) 
broader  parts  of  the  Chiimet  Valley  appear  to  be  the  old  boUow 
of  the  Bunter  period  with  a  part  of  the  Tritissic  deposits  denuded 

out  Mf  it. 

Tl[(    ceiirrenoe  of  red  sandsioiie.s  and  breccias  lying  euiitonnaMy  ^^7^- 
beiuaili  the  Liiis  of  the  west  coast  of  Scotland  1ms  now  l>ccii  q^'^^^^'* 
recognised  in  a  number  of  places,  particularly  in  the  district  of  and  Mr. 
Strath  in  Skye  and  in  the  island  of  Raasay.   Tnese  strata,  though  Harker.) 
tmtbssdliferous,  are  regarded  as  probable  efpuTalents  of  tlh-  upper* 
most  Trias  or  Rha^tic  yfroiip  of  hnuland.    Last  suninicr  duinig  a 
yachting  rniise  around  the  coast  of  Skye,  the  Dikij  ku;  (  texkk  al 
was  joined  for  a  day  by  AFr.  Hahkkk.  wb«»  was  thru  stationed 
between  Glen Sligachan and  Li»eh  Sciivakf.    While  boating  aiong 
the  northern  shores  of  the  Sound  of  oo&,  they  were  fortunate 
enough  to  light  upon  a  hitherto  unohsorved  patch  of  the  same 
group  of  strata,  whereby  the  area  of  the  Triassic  rocks  is  advanced 
considerably  further  to  the  wo'^t. 

The  ToiTidon  sandstones  wiili  the  overlyin^^  unconformable 
Tertiary  bedded  basalts  come  «>ut  in  a  pietuiuiitpie  range  f»f  clitts 
along  the  west  side  of  Loch  Seavjug,  and  sweep  round  inider  the 
huge  gahbro  masses  of  the  southern  Cuillins  into  the  Sound  of 
Soa,  as  far  as  a  small  stream  that  comes  down  from  the  flanks  of 
Qfiisven,  opposite  the  little  harbour  in  the  island  of  Soa.  Wlu-re 
the  Torridon  sandstones  begin  to  descend  to  the  beach,  a  band  of 
rcddisli  breccia  was  ohserved  to  come  in  between  them  and  the 
but  loui  of  the  overlying  bedded  basalts.  This  breccia  descends  to 
the  level  of  iho  sea,  where  it  forms  a  group  of  ledges  aiul  low 
clij&.  Partly  red  and  partly  grey,  it  is  hi^ily  calcareous,  and 
•passes  upward  into  a  sandy  limestone.  The  stones  are  both 
angular  and  roimded.  Though  to  a  large  extent  deriv^  from  the 
adjacent  Torridon  sandstones,  they  include  also  a  great  number  of 
pieces  of  Duniess  limestone  and  chert. 

These  breccias,  which  so  closely  resem)»lc  those  of  Strath,  pass 
upward  into  grey  and  reddish  banded  and  nodular  limestones  and 
dark  grey  shales,  possibly  indicating  the  very  bottom  of  the 
.Jurassic  series.  Unfortunately  the  rest  of  the  sedimentary 
succession  has  l>e€n  concealed  under  the  vast  volcanic  accumu- 
htioTis  of  the  district.  Xo  fo.ssils  were  noticed,  but  dni-ing  the 
brief  tune  at  the  disposal  of  the  ohsen-ers,  there  was  no  oppor- 
tunity to  search  even  the  more  promising  bands. 

At  a  later  jxiriod,  while  the  yacht  was  pa.ssing  between  the 
.islands  of  Raasay  and  Scalpa,  the  Director  General  observed 
from  a  distance  some  slu>re  ledges  obviously  ditterent  from  the 
prevailing  chooolate-red  Torridon  sandstone.  On  landing  at  the 
place  which  projects  at  the  extreme  north  point  of  Scalpa,  ho 
lound  a  small  islet,  consisting  of  breceialed  conglomerate  ainl 
red  sandstone.  As  in  the  Sound  of  Soa,  the  enclosed  stones 
consist  largely  of  Durness  limestone  and  chert,  as  well  as  of 
Torridon  sandstone,  gneiss,  and  other  rocks.  The  same  strata 
stretch  for  about  a  quarter  of  a  mile  along  the  sliorc,  (  ut  through 
by  basalt-dykes.  'Uiey  are  faulted  agamst  the  Torridon  sand- 
stones, on  which  thev  may  also  be  seen  to  rest  unconformably. 
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There  can  be  no  doubt  that  they  are  a  prolongation  of  tb«^ 
precisely  fiimilar  strata  which  in  the  immediately  iuljaeent  island 
of  Raasay  are  seen  to  emeige  from  under  the  Lia& 


JUBASSSIC. 

fiontli  Wales.  Besides  the  Triassic  rocks,  the  lower  parts  of  the  great  Jurassic 
TuSemim  series  occupy  a  number  of  detached  areas  in  the  strip  of  low  ground 
and CantriU.)  which  intervenes  between  the  southern  edge  of  the  South  Wales 
eoiil-field  and  the  shore  of  the  Bristol  Channel.  Diirinir  l-i'^t  year 
further  proijfres'^  inade  hy  Ml?.  Tiddemax  and  Mr.  Caxi  liiiJ. 
in  the  i-evision  ut  these  ureas.  Their  niappin*(  aJiurds  ilhistrati" "U 
that  not  only  doeii  the  Rhietic  group  overlap  the  Keu^)er,  but 
that  the  Lias  oTcrlapts  both,  while  at  the  same  time  the 
lowest  zones  of  the  Lias  are  themselves  overlapped  by  higher 
Liassic  strata.  It  thus  hapj^ens  that  not  only  &\ch  formation,, 
but  each  zone  in  turn  takes  locally  the  position  of  a  basement- 
h>  <\.  and  assiniies  n  littoral  character,  totally  difTerent,  as  a  nilo, 
tr<  111  its  lunmal  aspect.  In  no  jmrt  of  the  series  is  this  change 
move  marked  than  in  the  Lias,  for  the  uuissive,  tufaceous  and 
more  or  less  conglomeratic  shell-limestones  of  that  formation 
in  its  near-shore  condition,  present  at  first  sight  but  little  in 
common  with  its  usual  thin  alternating  limestones  and  shales^ 
Six  varieties  of  Liassic  shore-deposits  have  been  noted  by 
Mk.  Tiddemax: — 

1.  Conglomerate,  the  most  obvious  Vieach  of  all. 

2.  A  coii-solid  itfil  uia\rl]\  sjiud  nmtle  of  fi  aunnent.-i  of  the  old^  rock^. 

together  witli  broken  Lia.s.sic  ahslU  aud  corals 

3.  A  similar  rock,  with  larger  angular  fragments  of  the  oMrocksi>iirsely 

.scattered  in  it. 

4.  Tttfaceou>  ronks  with  or  without  included  sheik,  and  of  ten  containiog 

fnigiuent-s  or  pebbles  of  the  older  nx'k. 

5.  Oolitic  limestone. 

6.  Keeftt^  of  which  50  iJer  cent,  consists  of  coral  growth. 

The  most  extensive  overlapuing  by  tlie  Lias  takes  place  alon^ 
the  crest,  and  to  the  south  of  tne  Cardiff  and  Cowbridge  anticlina 
Tims  Mr.  Caxtrill  finds  the  Lias  creeping  a*  ross  the  Keuper 
and  Rhn  tio  gi-oups  between  Llandough  and  Ll;iiil)leid(lian,  and 
resting  on  Carboniferous  Limestone  at  Cowbridge  and  Penllin,. 
while  it  holds  the  same  relation  to  the  older  nxk  in  Mr. 
Tiddeman's  grotmd  south  of  Bridgeml  and  in  the  Souiherndown 
ditts. 

The  stratigraphical  relations  of  these  formations  to  one  another 
repeatedly  show  that  the  coast  linos  of  older  Mesozoic  time  were 
diversified  by  eminences  which,  during  the  subsidence  of  the 
region,  parsed  through  the  successive  stages  of  proniontoriea, 
peninsulas,  and  islands  before  thev  were  all  tinally  siilnnerged  in 
the  Liassic  sea.  I)enu<lation  has  dismterred  many  of  these  buried 
crags  and  exposed  to  view  the  Lias  resting  upon  their  tops,  or  the 
Rhaitic  and  Keuper  piled  ^inst  their  feet,  according  to  tne  dept  h 
to  which  the  process  of  uncoyeringhas  reached.  It  may  be'  noted 
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that  the  priuciptil  eminences  consisted  then,  as  now,  ot  portions  south  Wales, 
of  the  Carbomierous  Limestone  emrpment 

■   It  follows  from  what  has  here  heen  said,  that  the  base  of  the  Lias,  and  JantdU.) 
at  any  point  where  it  rests  on  the  limestone*  may  not  be  the  true 
base  of  the  formation,  and,  as  m  fiu  t,  Mr.  Tiddeman  never  tinds 

the  lowest  band  of  the  Lias,  in  which  Osfrea  abounds,  except 
where  the  Hluetic  group  is  pivsent  beneaili.  In  such  cases,  trie 
abnormal  character  of  the  local  basement-lxid  makes  its  zonal 
identilication  extremely  difficult 

From  Oxford  as  a  centre,  Mr.  J.  H.  Blake  is  engaged  in  the  Oxford.  (Mr. 
re^'ision  of  the  mapping  of  the  Jurassic  formations,  together  with  ^*  ^^®-) 
that  of  the  superticial  .iccumnktions.  Various  modifications  have 
been  found  necessary  in  the  published  maps.  Some  important 
infurniation  hiis  K'en  obtained  from  a  bormg  made  for  Mesmrs. 
Haxlev  and  Co.,  at  the  City  Brewery,  Oxford,  by  Messrjs,  Lb 
Gband  and  Sutcliff,  to  a  depth  of  439^  feet.  The  Jurassic 
looks  have*  been  pierced  down  to  the  Lower  Lias,  and  some 
interesting  features  in  them  have  been  brought  to  light,  chief 
among  which  perhaps  is  the  proof  of  the  existence  of  the  Upper 
Estuarine  series  and  Inferior  Oolite  beneath  Oxford,  and  the 
absence  there  (miless  taulif  d)  of  the  Upper  and  Middle  Lias. 
Mr.  Blake,  from  a  careful  examination  of  the  cores  and  from 
specimens  preserved,  has  compiled  the  following  section  of  the 
strata  passed  through  in  the  bore: — 

Valley  Gravel,  Ac:     -      *      -      -30  ieet 

Oxford  Clay      -      -      -       -       -  210  „ 

Corn  brash   17  „ 

Forest  Marble   32|  w 

Great  Oolite     -       -      -      -      -  88  „ 

Upper  Eiituai'ioe  ^ries     r      -      '  ,> 

Iiuerior  polite  -     -     -     -      <  lejt  „ 

Lower  Lias      -     -      -     -      -  17  „ 

Cretaceous. 

The  investigations  of  the  GeoloLcical  Survey  during  the  ])ast 
year  among  the  Cretaceous  formations  have  extended  from 
Doisetshiie  to  Norfolk.  They  have  largely  consisted  in  the 
examination  of  special  questions  connected  with  the  completion 
of  descriptive  memoirs.  But  at  the  same  time  the  revision  of  the 
mapping  of  these  formations  has  advanced  steadily  in  the  course 
of  the  re  survey  of  the  sonthrrn  counties  tor  the  completion  of  the 
agronomical  map  of  England. 

From  Maiden  Newton  as  a  centre  Mr.  Hinxm.ax,  who  was  Don»eUluie 
temporarily  trsnsferred  from  Scotland  for  the  purpose,  traced  the  (Mr.  Binx- 
OQtcrop  of  the  Melbourne  Rock  and  Chalk  Rook  that  mark  respec"  ) 
tiyeiy  the  limits  of  the  Lower  and  Middle  Chalky  aiid  mapt>ed 
the  superficial  deposits  of  clay  and  gravel  tliat  rest  on  the  chalk. 
•   The  calf'jireous  grit  which  forms  the  top  of  the  Upper  C    <  nsand 
in  South  IJurset,  with  an  average  thickness  <)(       feet,  {•asse'^  to 
the  north  of  Maiden  Newton  into  a  glauconitic  gritty  siuuUtune. 
B^weeii  £ver8hot  and  RampiBlAm-tnis  bed  is  only  from  <me  to 
two  ieet  thick,  and  in  places  appears  to.  be  altogether  absent. 
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Dorsetshire.  ^  The  depression  of  the  chalk  plateau  west  of  the  Frome  Valley, 
(Mr.  Hmx-  in  which  lies  the  Tillage  of  Compton  Valence,  is  occupied  by  an 
inlier  of  Upper  Greensand  and  Jurassic  Clay,  those  rocks  being 
brought  up  on  a  dome  with  a  (jua-qua-versal  dip.  At  the 
western  end  of  the  area,  the  Upper  Greensand  dips  we^^t -north- 
west at  the  coinimratively  high  angle  of  22*-*,  but  at  the  eastern 
extremity  the  Beds  are  inclined  to  tlie  east  at  a  low  angle. 
The  centre  of  the  dome  is  occupied  by  stiff  blue  and  vdlow 
clays,  which  may  belong  either  to  the  Fuller's  Earth  or  Oxford 
Clay.  There  are  few  good  exposures  of  these  clays,  and  no 
fossils  have  yet  been  detected  in  them.  Another  small  inlier 
of  the  U])per  Orecnsand,  let  down  on  the  cast  by  a  cross-&uit, 
has  been  mapped  a  quarter  ot  a  mile  lurtlar  lo  the  north. 
Wiitsliire,        Fmther  to  the  east,  on  the  margin  of  Dorset  and  in  the 


rocks.  The  chief  feature  of  noveUy  in  Ids  examination  has  been 
the  detection  of  two  prevl<'n  ]\  unri  <  ofr|^5^etl  inliei-s  of  Upper 
Greenland  at  Bower  Chalk  and  Alvcdi.'^iv)ii,  and  of  two  new 
outliers  of  Reading  Beds  (sands  and  pebble-beds)  at  iVntridL^e, 
and  to  the  north-west  of  Breamore.  Some  other  remarkable 
^Kculiarities  have  been  noticed  by  the  same  observer  on  the 
Chalk  Downs  near  Cranbome  Chase.  The  main  esairpment  of 
the  ( Mialk  faces  the  north  at  Win  Green  and  Winkelbnry  Hill, 
nnd  rises  to  a  bei^dit  of  a  little  more  thnn  ?h>0  feet.  Along  tlie 
»iip-slope  towards  Tollard  Royal  the  Chalk  has  lieen  dc'plv 
excavated  and  two  irreguhir  inliers  of  Middle  and  Lower  Chalk 
have  thereby  been  exposed.  The  larger  of  these  inliers  occurs 
l>t?tween  Ashmore  on  the  south-west  and  Win  Green  and 
Winkelbnry  Hill  on  the  north.  It  stretches  so  near  to  the  crest 
of  the  Chalk  escarpment  that  only  a  narrow  ridj^e  (50  vards 
wide  of  Upper  Chalk  and  2.'')i>  yards  wide  of  ^fiddle  Cbalk) 
sep/inites  tliat  cscfunnient  from  the  steep  scarp  fomied  at  the 
northern  end  of  tne  inher  above  Ashcombe  Farm.  There 
indeed  the  head  of  ^e  combe  is  formed  by  ground  which  slopes 
steeply  from  an  elevation  of  800  and  900  feet  along  the  crest  of 
tbr  escarpment  down  to  500  feet  around  a  l)road  indented 
hollow  which  contract^  k  m ith wards  as  it  merges  into  Ashcombe 
Bottom.  Equally  strikmg  features  oe<  ur  in  the  soiUh-westem 
portion  of  this  straggUn|^  inher  at  Quarry  Bottom.  These  dry 
chalk  valleys,  hke  those  m  Sussex,  were  probably  fonned  in  the 
manner  explained  by  Mr.  C.  Reid.* 

<>xforasi>ire.     St  ill  further  along  the  strike  of  the  Cretaceous  formations.  Mr. 

^Mr.  Blftke.)  Blake  has  been  engaged  upon  the  revision  of  the  rocks  in 
the  district  around  Oxford.  Some  alteration  has  been  found 
necessarv^  in  the  pnUished  maps  in  regard  to  tlie  boundary-lines 
of  tlie  iron  Siinos  ^^ Lower  Greensand)  which  cap  the  irregular 
outlier  of  Portland  Beds  that  lies  to  the  east  and  south-east  of  the 
city.  The  two  most  noticeable  corrections  are  perhaps  that  the 

*  Quart,  i^Nint.  Cfeoi.  Soe^  vol.  xliil,  p.  364. 
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outcrop  of  PortlMid  Beds  between  Idttlcworth  and  Wheatley  has  Oxfordshire, 
been  continued  instiad  of  Vjeing  masked  by  an  overlap  of  the '-^i*"- ^^Ja^e.) 
Iron  Sand's  \\]^m\  tin-  Kimerid'jfe  Clny,  and  that  wliat  was  shown 
as  a  siiuill  outlii  r  of  Iruii  Sands  hii-s  been  joined  on,  as  it  ivullyis, 
to  the  main  umsa  ut  Horsepath.    South  of  Waterstock,  in  the 
revision  of  the  boundary-lines  of  the  Gaultand  Lower  Greensand, 
the  outcrop  of  Lower  Greensand  has  been  shown  beneath  the 
Gault,  instead  of  its  being  hidden  by  an  overlap  of  the  (iaidt  , 
upon  the  Kimerid:;*  (  'lay,  as  it  is  represented  with  a  doubtful  line 
on  the  published  ma}). 

The  preparatiun  of  a  Memoir  on  the  (  nuntry  bordcrini^  the  Nujtolk.  uMr. 
Wash  rendered  necessiuy  some  further  critical  exaniinuiion  of  Lw^plwif**') 
certain  portions  of  the  Cretaceous  series  of  Norfolk.  The  relation- 
ship of  the  Lower  Cretaceous  rocks  of  that  count}'  to  the  Ix'tter 
known  deposits  of  the  same  geological  period  north  of  the  Wash 
has  not  iiirlicrto  l>een  satisfactorily  establislied.  AccordiiiLr'y, 
Mr.  Lamplloh,  whose  close  |XTsonal  aciinaintanco  with  the 
Yorkshire  and  Lincohishire  tyiH>s  pet;uliarlv  titted  him  for  the 
work,  was  detailed  to  make  the  reqinred  study. 

As  the  area  forms  the  chief  link  between  the  well-developed 
marine  sequence  of  the  Lower  Cretaceous  Series  of  the  north-east 
of  England,  on  the  one  hand,  and  the  scatt^^rcd  and  incomplete 
9f  f  t  ions  of  these  rnrks  in  the  Kastern  Midlands  and  the  widely 
ditterenl  strata  of  tlie  W  caldcn  district,  on  the  other  hand,  the 
correlation  is  of  much  importance  to  the  student  of  the  Lower 
Cretaceous  rocks  of  England. 

It  was  hoped  that  a  re-examination  of  the  chief  sections,  in  the 
light  of  recent  researches  faither  north,  might  serve  to  establish 
the  correlation :  and  though  the  paucity  and  poor  state  of 
preservation  of  the  fossils  of  tliest;  deposits  in  Norfolk,  and  the 
peculiarly  local  fa^-it  s  ot'such  as  do  occur,  have  hindered  dehnite 
conclusions  on  some  points,  it  is  Ijelieved  that  siuiicient  evidence 
has  now  been  obtained  to  indicate,  at  any  rate,  the  broader 
outlines  of  the  correlation.  These  results  have  been  incorporated 
in  ilie  Memoir  on  Sheet  69  which  is  now  in  the  press,  but  may 
be  hrit'rty  recapitulatid  in  this  Smnnutn/  of  the  year's  work. 

In  the  northern  jmrt  of  Xort'olk  tli<'  Tyowcr  Orctaceous  Series 
coiLsi.sts  of  three  distinct  lithological  divisions — the  Lower  Sands, 
to  which  the  term  SancUingham  Sands  has  been  applied  in  the 
Memoir  just  referred  to ;  the  Middle  Clays,  or  Snettisham  Beds  of 
the  same  Memoir;  and  the  Upper  Ferruginous  Sands  or  Carstone. 

The  middle  clayey  division,  however,  dies  out  southward,  and 
the  l^p|">cr  and  Lower  Sands  have  then  usually  been  considered 
inseparable.  But  it  has  now  been  foimd  that  before  the 
Snettisliani  Clav  has  entirely  disappeared,  its  lower  portion  is 
replaced  by  an  irregular  Imnd  ot  concretionary  ferruginous 
sandstone,  containing  numerous  marine  fossils  in  the  condition  of 
obscure  casts,  and  that  this  band  can  be  followed  after  the  day 
has  died  out,  so  that  the  line  between  the  Carstone  and  the 
Sandringham  Sands  is  traceable  throui^hout  the  district. 

In  the  Sandrinf^ham  Sands  the  only  fossils  which  have  been 
detected  are  fragments  of  wood  and  other  v^etable  relics,  and 
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X..rf.<lk.  (Mr.  tlicsc  occuT  so  abundantly,  unmixed  A^ith  otber  remains,  in 
Lampluijh.)    certain  tliiii  clayey  seams  imerciilated  with  the  sands,  as  to 
suggest  that  the  deposit  lias  avcumulated  under  ostuarine  con- 
ditions; and  this  uiference  is  .strengthened  by  the  general 
character  of  the  sands. 

From  the  Snettisham  Beds  a  large  number  of  marine  fossils 
was  obtained,  chietly  in  the  form  of  sharn  casts  in  the  nodules 
of  ferruginous  clavstoiic,  which  occur  in  tnc  clays  of  the  pits  at 
Hfaeham,  Lodge  Hill,  and  Siieni>liain  ;  and  our  knowledge  of  the 
fauna  of  this  horizon  has  thereby  been  considerably  enlarged. 
These  fossils  liave  been  examined  in  the  Palteontological  Depart- 
ment of  the  Survey,  and  full  lists  of  them  are  given  in  the  Memoir 
on  Sheet  09  just  reierred  to.  They  include  two  species  of  Crioceras 
Bflrmiiites  sp.,  Pectrii  orh  'icuhi ris,  Pecten  clortuSt  Pholadoimy^ 
M<i  I'f'i  it'i ,  Thef>fi  Snir,f-hrfl,  Cnr'ln>ti>  ^^iWii^hf })  um,  Trirfniiia 
■sca/fha,  and  iiianv  other  lai]icllilir;<nch^j.  together  with  several 
gasterojK>ds  and  other  forms.  Ass*>eiuieil  with  these  at  Lodge  Hill 
and  Snettisham,  numerous  tragments  of  fern  leaves  were  found, 
most  of  which  amx^ar  to  be  referable  to  a  Wealden  species, 
W«'icliseliti  (L<y)ichopterU)  Manfdli.  In  the  femirinous  Uind 
which  replaces  the  lower  part  of  the  clay  south  of  Dersingham, 
the  fossil-casts  are  rarely  sufficiently  well  preserved  for  identifica- 
tion. l)ut  so  far  as  could  be  determined  the  launa  seemed  similar 
to  that  of  the  clav.  The  nearest  ecpiivalent  to  tiiis  fauna  is 
found  in  the  Tealby  Limestone  of  Lincolnshire,  and  in  the 
corresponding  portion  of  the  zone  of  Belemnites  hrunavieensis 
in  the  Speeton  Clay  of  Yorkshire. 

The  Carstone  of  Norfolk  has  yielded  fossils  only  in  a  phosphatic 
nodular  band  near  its  base,  where  A  mnxm  'trs  })•  shft  )f<>si i  Arum. 
Cifrn  iniianus,  Pcrnn  MidUf'i  and  other  clianieteristic  "Lower 
Greensand  "  forms  have  been  obtained  by  Mr.  W.  Keepinxj  and 
others.  This  fiiuna  has  usually  been  considered  derivative,  but 
A  re-examination  of  the  fossils,  and  of  the  bed  from  which  they 
were  obtained,  leads  to  the  conviction  that  the  finuna  is  on  its 
proper  horizon.  It  is  not  mixed,  but  is  consistent  throughout, 
and  is  newer  than  that  of  the  Snct^isliam  Beds.  Its  equivalent 
in  the  South  of  England  will  be  t.nind  either  in  the  lower  part 
of  the  Hytlie  Beds  or  in  the  upper  part  of  the  Atheilield  Clay, 
an  horizon  which,  as  stated  in  the  Summary  of  Progresa  for  1897, 
is  almost  nnfossiliferous  at  Speeton. 

There  appears  to  have  been  no  break  in  the  sequence  of  marine 
conditions  from  the  time  of  the  tle]H)sition  of  the  Carstone  to 
that  of  the  Red  Chalk  in  Xortolk,  and  the  Carstone  must 
therefore  cover  the  interval  represent"  «1  in  the  South  of  England 
by  the  combined  li\  the,  Sandgale,  and  Folkestone  Beds.  The 
high  |x>lish  which  characterises  the  coarser  sand-grains  in  the 
Carstone  probably  indicates  their  prolonged  trituration  on  the  bed 
of  a  .shaUow  sea  through  the  action  of  currents  of  medium 
veUx  ity.  in  an  area  receiving  aeee<=<5ions  of  sedimentary  material 
at  a  very  slow  rate.  The  Spilsbv  S.indstone  of  Lineolnsliire 
posses.ses  in  this  respect  similf^i-  lithok»gieal  characters,  and  in 
ooth  instances  the  lapse  of  tune  covered  by  the  deposit,  as 
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mflicatod  by  the  changes  of  fauna,  is  very  great  in  proportion  to  Norfuik.  (Mr, 
the  thickness  «»t"  the  l>e(l,    Sandstones  are  pn»liahly.  for  tlie  most  Lan^ilugh.) 

Sari,  rocks  of  rapid  accumulation,  but  those  oi  the  lyptt  alx»ve 
(bribed  (which  are  not  confined  to  the  Lower  Cretaceous  rocks) 
evidently  form  exceptions  to  the  general  rule.  In  the  Secondary 
rocks  such  sandstones  are  frequently  associated  with  dark 
phosphatic  nodules,  which  again  are  indicative  of  areas  of  slow 
deposition. 

To  sum  up  the  history  of  the  Lower  Tretaceotis  Series  of 
Norfolk,  we  regard  the  Siuidriiigluun  Sands  as,  in  part  or 
wholly,  of  estuarine  origin,  and  presumably,  for  reasons  fully 
discussed  in  the  Memoir  on  Sheet  69,  etpiivalent  to  .some  portion 
of  the  Tealbv  Clay  of  Lincolnshire.  The  Snettisham  Beefs,  with 
their  .strongly  localized  and  incomplete  fauna,  intermixed  with 
macerated  vegetable  remains  which  iiK  i'  in  (pmntity  south- 
ward, indicate  the  proximity  of  land  and  jh  ihaps  the  presence  in 
this  area  of  a  (piiei  inlel  receiving  land-drainage.  They  have  been 
deposited  at  about  the  peiiod  of  the  formation  of  the  Tealby 
Limestone  and  "  Roach  "  of  Lincobishire.  And  the  Carstone,  like 
that  of  Lincolnshire,  renresents  a  shallow  open  sea  which  ushered 
in  the  period  of  gradual  and  widespread  depression  during  which 
the  Upper  Cretaceous  Svstem  in  England  was  acniniidated. 

In  tne  preparation  otliis  monograpli  on  the  Upi>er  Cretaceous  t'retaceou* 
formations  of  England  Mk.  Jukds-Bkowne  has  toad  occiision  to  noi»«ncla- 
considerwith  great  care  the  accepted  nomenclature  of  the  various  ^"^j 
subdivisions  of  the  rocks.    H»  lias  found  it  nect  ssary  to  introduce  Browne.) 
a  new  name  for  the  Gault  and  Upper  Greensjuid  f<  <rmations.  He 
does  not  propose  to  ahatulo?!  the  nvp  of  those  familiar  names,  but 
to  retain  llieni  for  tln'  arunllaccous  and  arenaceous  deposits  which 
have  received  sepiraic  colours  on  the  maps  of  the  Geological 
SuiTey.    Tlieir  imion,  however,  imder  one  name  is  intended  to 
show  that  the^  are  not  re^rded  as  divisions  of  independent 
chronological  importance.    The  name  proposed  is  i^clhornian^ 
taken  from  the  vdbtge  of  Sel borne  in  Hamnsliii  c.  which  is  .so 
well-known  from  the  descriptive  letters  of  (iilbert  White.  Near 
Selborne  the  Malmstone  attains  its  greatest  thickness.  l>eing  no 
less  than  180  feet  thick,  while  the  undeilying  "  Gauk  marls 
and  clays  are  about  100  feet,  so  that  the  whole  has  a  thickness 
of  280  &et. 

The  Selbomian  stap  uiU  include  the  Red  Chalk  of  Norfolk, 
Ijnoolnshire  and  Yorkshire,  as  well  as  the  Gault,  Malmstone  and 
Upper  Greensiind  of  more  southern  conTitics.  Where  fullv 
developed  it  is  divisible  into  f<»ur  paheontolugical  divisions  or 
zones,  which  in  descending  order  are — (I)  th.at  usually  known  as 
the  zone  of  Peden  a^jm*,  which,  however  would  be  more 
conveniently  called  that  of  Hda^er  fosmrius  -,  (2)  the  zone  of 
Ammonit£8  rmtnitus  with  its  local  sub-zone  of  A.  varloisus;  (3) 
the  zone  characterised  by  Aiiuntmiteft  l(tuta8,A.  (ifmi rltis  &n.d 
A.  interniptus  :  (4)  the  zone  r>(  A  ynrnoi)  itt's  mammillatas. 

A  consiaeratiou  of  the  facts  conne(  ted  with  tlie  occurrence  of 
AmmoniU's  mdnmiiWiim  in  Eiigland  and  i'rance  has  led  Mr. 
Jukes-Browne  to  attach  the  san£  which  contain  this  Ammonite 
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Cretaceous  to  the  Gaiilt  rather  than  to  tin*  Folkestnnc  Boris,  niczoncof  ^4. 
noiiioncla-  jii  f  n,  >ii  fP"f  us  \s  n(  smuW  thickness  in  Kii^laiid.  but  over  a  largty 
Iw.  Jukes-  I'laiicc  it  is  from  20  to. SO  tbet  thick, and  moreover  in  that 

Brown.)       country  this  species  ranges  up  into  and  is  not  luicommon  iu  tlie 
clays  of  the  A.  i)>temqitu8  zone. 

Tertiary. 

The  areas  in  whieli  roeks  of  Tertiary  a<:,'e  have  been  niaptx>d 
last  year  l)y  the  rtiM^lonfical  Survey  lie  in  the  south  of  EDgiand 
and  the  west  of  iScotlaud, 

Hampshire. 

Keid?^"^^"^    Mr.  Clement  Reid,  who  is  charged  with  the  revision  of  the 

^  Hariipsliire  Basin,  was  eni,'aged  in  the  completion  of  various  maps 

ami  SlirLt-ineinoirs  connected  with  that  re^on.  This  indoor 
wuik  iuis  inchided  tlie  preparation  of  the  tollowing  mans  for 
publication: — Sheets  315  (Southauiuton)  and  316  (Fareaam), 
which  were  uniinished  at  the  time  of  Mr.  Whitaker's  retirement 
and  the  withdrawal  of  Mr.  Hawkins  to  the  office.  The  necessary 
Held-work  for  the  completion  of  these  two  sheets  has  heen  finished 
by  Mr.  Reid,  anl  Of  rn  t]ts  will  be  sent  to  the  ennraver  during  the 
pr(*s<^nt  winter;  6iieet  32^^  ^^Dorchester)  has  been  hnally  corrected 
and  pul)hshed. 

Two  short  Memoirs,  on  Sheets  320  (Bournemouth)  and  334 
(Eastbourne),  hare  heen  written  and  published  during  the  past  year. 
Another  Memoir,  on  Sheet  328  (Dorchester),  is  well  adTancea  and 
will  be  completed  this  winter. 

A  siiecial  Memoir,  on  the  Water  Su^^ply  of  Sussex,  prepared  by 
Mr.  Reid  in  conjuii'  li^n  with  Mr.  \Vhitaker,  relates  to  a  large 
extent  to  the  Hampshire  Biism.  it  is  now  in  proof,  and  will  oe 
published  early  in  tne  present  year. 

The  present  indoor  work  here  noticed  has  taken  so  much  time 
that  it  has  been  impossible  for  Mr.  Reid  to  make  much  prepress- 
Anth  the  general  Memoir  on  the  Hampshire  Basin.  It  is  believed,, 
however,  that  this  year  will  see  the  completion  of  all  the  field- 
work  of  tlie  district,  onlv  the  Rincrwood  area  beinir  now  ]eft.  It 
may  also  be  possible  to  dnish  within  the  same  time  Explanatory 
Memours  to  all  the  Sheets  of  the  map  that  are  complete. 

The  past  season's  work  has  not  }ielded  any  striking  scientific 
results,  for  the  area  examined  is  nearly  surrounded  hy  districts 
mapped  in  previous  years  and  mentioned  in  former  Reports. 
Considerable  doubt  exists  as  to  the  exact  correlation  of  many  of 
the  Eocene  strata,  which  rapidly  vary  both  in  lithological 
cliara(-ter  and  in  thickness,  and  seldom  yield  any  fossils.  The 
mapping  is  thus  necessarily  lithological,  aod  for  the  present  tha 
question  must  remain  uncertain  whether  the  Baeshot  pebhle-beds 
of  the  Botley  district  really  represent  the  freshwater  Lower 
Bagshot  series  of  the  Ts|e  nf  Wight,  and  whether  tlie  similar 
pebble-beds  lower  in  the  seri*  s  truly  belong  to  the  Reading  Beds«, 
or  represent  the  basement- bed  of  the  London  Clay. 
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Dorset 

While  engaged  inmapping  tlieG^rataoeous  fonoationsof  fiouthm 
Doi8et»ll&  HiNXMAN  came  upon  a  srn  il!  patch  of  sand  and  (Mr.  Hint- 

cravel,  presumably  of  Bagsliot  age,  on  the  down  between  Compton  ■•••K 
Valence  and  Winterborue  Abbaa  A  pit-section  of  these  doposita 
sliows  8-10  feet  of  rolled  flint-e^-avel  with  many  pebbles  of  vein- 
quaru,  and  white  and  ^ey  qiiarLzite.  Xho  gravel  ls  interstratified 
with,  aiid  passes  down  into,  yellow  and  orange  gritty  sand.  Small 
deposits  m  a  similar  character  have  been  mapped  south  of 
Frampton,  and  on  the  hill  between  Maiden  Kewton  and  Sydlioff 
St.  Nicholas. 


Noifolk. 

Some  additional  partleakEs  hvn  been  obtained  hv  Mb.  Reid  (lb  B«id). 
regarding  the  Pliocene  and  Pleistocene  deposits  of  the  Norfolk 
coast   A  new  well  for  the  suppbr  of  water  to  Mundesley  has 

furnished  a  section  of  Pleistocene,  Hiocenc,  and  Cretaceous  strata, 
which  corresponds  with  and  supplements  the  section  displayed 
in  the  coast-clitls.  The  principal  points  of  interest  arc  the 
occurrence  of  loams  with  Arctic  plants  at  the  base  of  the  Glacial 
deposits,  and  resting  on  qaartBite-gravds  belonging  to  the 
Cromer  Forest-bed;  the  treusing  of  Weyboum  Crag  with  the 
characteristic  TdUna  balthiea,  down  to  the  Chalk  at  about  20 
feet  below  Ordnance  datum ;  and  the  discovery  of  soft  greyish 
sandy  Chalk  of  the  peculiar  Trimingham  type,  and  like  that 
Chalk,  fuW  of  Ost  rea  larva.  The  tracing  of  the  Chalk  beneath 
undisturbed  Pliocene  beds  is  especially  important  in  face  of  the 
discovery  that  Bonlder-clay  passes  beneath  the  Chalk  at  several 
points  near  Trimingham,  and  that  the  enormous  disturbed  mass, 
half  a  mile  in  length,  there  seen,  may  therefore  be  a  transported 
block  entirely  detached  from  the  solid  rock.  Tliis  well  is  not 
yet  completed,  but  apparently  yields  a  good  supply  ot  water. 

Another  somewhat  similar  well  has  been  successfully  completed 
at  North  Walsham.    It  shows : — 

Feet 

Glacial  OraveK^  48 

CJontorted  Drift  26i 

Okdal  Sands  (the  fine  dnstolike  saacls  of  Mnndoky 

Caifl)      -  22 

Till      '  4 

Forest-bed  (quartzite-gravels  and  sand)  -      -      -  SB 

ChiUesfordClMrt  i 

Crag  with  ebelb  18 

Chalk    -  10ft 

250 

The  Crag  is  apparently  Chillesford  or  Norwich  Crag,  though  the 
moUusca  are  too  few  to  decide  the  question.  TeUina  baUhi^ca 
is  not  among  them. 

A  third  Eastern  County  well  is  of  sufficient  interest  to  be  men- 
tioned, as  showing  an  exceptional  thidoiess  of  Upper  Fliocena  At 
Messrs.  Youngman  and  Flreston's  Brewery  at  I^eotoft,  situated  at 
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(Mr.  Koii.)  the  foot  of  tho  old  rliff.  a  boring  has  boea  carried  about  180  feet 
below  the  sc^i-lovel  without  piercing  the  Crag,  tiie  lowest  beds 
reached  bcuig  apparently  Norwich  Crag.  This  rapid  thickening  of 
the  Pliocene  Dods,  when  traced  towards  the  North  Sea,  oonresponds 
with  what  occurs  in  Holland,  and  tlu^  occurrence  of  nothing  but 
shoal-water  fossils  at  all  depths  on  both  sides  seems  to  support 
the  idea  that  the  present  Norfh  Sea  is  largely  the  result  of 
I^liorono  or  Pleistoe(?ne  doprpssiou — a  view  that  will  exj)lain 
alsu  ihe  tliscoverv  ol"  luuuurous  remains  of  Pleistuceue  land- 
mammals  on  the  i)ogger  Bank,  iu  the  middle  of  the  North  Sea. 


Scotland. 

In  Scotland  the  rooks  that  can  be  assigned  to  a  Tertiary  age 
coTisisl  almost  entirely  of  vulcanic  andplut<)ni<'  Tiiasses,  whicn  are 
clii.'tly  (Icvt'lopcd  on  the  west  side  of  the  country,  and  more 
pu  lit  ularly  among  the  Inner  Hebrides  and  in  the  basin  of  the 
Clyda  During  last  year  Mk.  Marker  has  continued  his  survey 
of the  Cuillin  Hil&,  in  Skye,  where  he  has  mapped  an 
exceedingly  nigged  groupi>f  mountains  in  greater  detail  tnan  has 
ever  been  l)efore  attempt -^d  among  the  igneous  rocks  of  this 
country.  Mti.  (  tUNN,  in  the  northern  half  of  Arran,  has  made 
further  proLjress  with  the  Rnr\^ev  of  the  interesting  plutonic 
masses,  which  are  now  regarded  tus  of  Tertiary  age.  In  other  parts 
of  the  West  Highlands  more  or  less  interestmg  examples  oi  the 
Tertiary  igneous  series  have  been  encountered. 


IgTieous  Bocks  of  Skye. 

(Mr.Hatker.)        ith  rcpird  to  his  recent  field-work  in  Skye,  Mb.  Harkicb. 

has  furnished  the  ibllow^ing  report : — 

BffMlfic  lavas  with  irifrudcd  silU. — The  further  progress  of 
mapping  on  the  basaltic  plateaux  to  the  north  and  west  of 
Sligachan,  of  which  some  twenty  sc|uare  miles  liave  been  com- 
pleted during  the  past  season,  shows  that  the  rooks  do  not  differ 
m  general  characters  firom  the  description  given  in  the  Summarp 
of  FnHjrtm  for  1897.  Intrusive  sills  continue  to  play  an 
important  part  in  the  strnetnro  of  the  ground,  and  indeed  it  is 
notic^ble  that  thoy  Ixxonie  thicker  and  more  conspicuous  as  wo 
pass  northward  and  westward  from  Sligachan,  i.e.,  away  from  the 
mountain  district  Their  source  is  evidently  quite  distinct  from 
that  of  the  great  plutonic  intrusions  The  sills  attam  their  fullest 
development  in  what  are  m  v,  (in  conse(|uence  of  the  superior 
durability  of  the  sill-rocks)  the  highest  parts  of  the  plateau 
district,  and  here  they  usually  sur])aKs  the  lavas  them.selves  in 
thickness.  For  iitsUuice,  in  a  section  through  Monadli  Meadale 
and  liuinn  Totaig,  twenty  sills  have  an  amrreL^ate  thickness  of 
1,200  foot  in  a  total  of  2,000  As  olsewhore.  two,  three,  or 

four  sills  often  come  togeth^  without  any  intervening  lavas. 
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The  rocks  composing  the  sills  are  not  all  of  one  typo,  bul  are  (Mr.Harkw.) 

ponimonlv' either  l);isa1ts  or  diabases.  Ontho  snTnmit  of  Roincval, 
ami  at  other  places  I'artlicr  north,  are  thick  sills  ot"  a  bo.nitiful  por- 
phyritic  dolerite,  and  with  this  is  sometimes  nssociated  a  tracliyte 
with  a  remarkuble  tissile  structure,  thiis  forming  ct>uiposite  sills. 
Dykos  of  both  rocks  occur  in  the  district*  and  have  prooably  been 
the  feeders  of  the  sills,  but  composite  dykes  of  the  two  rocks 
together  have  betm  detected  in  one  or  two  localities  only. 

Composite  sills  of  p-anoph^TC  and  l)!l•^n]^  r  f  the  tvpo  common 
in  the  Lias  of  the  liroadlord  district,  aru  rare  anion^^  tbo  basaltic 
lavas,  but  one  line  example  is  seen  in  A  lit  an  t-Sithcan,  near 
Sligachan.  A  composite  dyke  of  similar  structure,  i.e.,  with 
gianopli^To  flanked  on  each  side  by  basalt  and  each  rock 
oontaming  dibrU  of  the  other,  occurs  close  at  hand,  and  can  be 
traced  nearly  to  the  sill,  of  which  it  has  presumably  been  the 
feeder  Sills  of  a  similar  basalt  (with  ]»>rpbyritic  tolspars  and 
corroded  (luartz  }T^raiiis)  oecur  at  one  or  two  places  close  to  the 
gptnite  of  Glamaig,  a]id  also  entangled  in  the  granite  both  on 
that  hill  and  on  the  shoulder  of  the  neighbouring  Druim  na 
Ruaige.  The  relations  are  probably  the  same  essentially  as  in 
the  symmetrical  composite  sills  already  referred  to,  but  here  the 
CTcater  volume  of  the  acid  rock-magma  has  in  great  part 
destroyed  the  basic  rock.  For  a  considerable  distance  the 
granite  is  crowded  with  little  round  patches  and  spots  of  half- 
oigested  basalt. 

The  peculiar  basic  sills  just  mentioned  are  to  be  referred  to  an 
epoch  very  slightly  anterior  to  the  intrusion  of  the  granite,  but 
the  ordinary  basic  sills,  80  abundant  among  the  basaltic  lavas  of 

this  district,  must  be  younger  than  any  of  the  ^eat  plutonic 
intnisions  Hi  is  ap|x^.qrs  from  the  fact  that  the  sills  die  out  on 
approaching  tlio  t  aigh,  splintery,  metamorphosed  lavas  which 
border  both  gabbro  and  granite,  and  are  wholly  wanting  among 
the  considerable  patches  of  basalt  lavas  which  are  enTcIoped  by 
those  plutonic  rocks. 

The  north-western  border  of  the  Cuillin  Hdls  has  been 
mapped  as  &r  as  the  mouth  of  Coir'  a'  Ghreadaidh.  The 
junction  here  is  an  irregular  one,  the  gabbro  sending  tonsnics  into 
the  basaltic  lavas  and  enclosing  portions  of  those  p*.  l;s  \o 
prolongation  of  the  acid  volcanic  group  of  Bruach  na  i'rilho  has^ 
Deen  detected,  except  a  few  relics  of  banded  rhyolite  and  tuflf 
entangled  in  the  gabbro  on  the  slopes  of  Sgikr  Thuilm. 

The  bedded  basalts  have  also  been  mapped  along  the  southern 
border  of  the  mountains  as  far  west  as  Garsbheinn,  with  the 
exception  of  a  short  length  of  coast -lino  at  the  head  of  Loeli 
8<'avaig»  where  the  gabbro  of  the  (Juillins  cohkvs  down  below 
sea-level.  As  elsewhere,  the  baisalts  clearly  underUc  the  gabbro. 
There  is  no  great  thickness  of  them  at  this  place,  tor  the 
Torridon  Sandstone  soon  emerges  from  beneath  them  on  the 
western  side  of  tli(^  bay,  and  the  Lias  on  the  eastern  sida 
Tongues  and  veins  of  granite  often  occur  in  the  lavas  or  along 
their  junction  with  the  gabbro  nT»'»ve  or  the  stratitied  rocks  Ijolow, 
^d  on  the  shore  west,  of  Camasunary  the  granite  makes  a 
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(Mr. Barker.)  considerabio  strip.  It  is  probably  to  this  rock  rather  than  to  the 
gabbro  that  the  highly  iiietamorphostHl  state  of  much  of  the 
Easaltie  lava  is  to  m  ascribed.  Tta  xock  is  a  white  homblende- 
granito  of  the  type  found  on  the  eastern  side  of  the  Blaven  range, 
and  difiers  in  some  respects  from  the  yellower  granite  of  the  Rod 
Hills.  In  particular,  it  has  mnch  less  tendency  to  the 
'  granoph}'ric  structure.  Tt  is  often  crowded  with  onclofled 
fcaoTiients,  iii  some  places  ot  Lias  sVialos,  in  others  of  basalt. 

GiMm  of  Die  CwiUins,  with  intruded  basic  eheeta. — About 
twelve  square  milee  of  the  moimtains  have  been  mapped 
during  the  year,  including  the  north-western  part  of  the  group 
and  the  basin  of  Coruisk.  As  before,  the  structure  of  the  ground 
was  found  to  be  extremely  intriento,  the  complexity  arising  from 
tliree  cause.s — (a)  the  frequent  inclusion  of  patches  ot  the  basaltic 
lavas  and  atrgluniorates  in  the  gabbro,  especially  near  the  marj^^n 
of  the  area ;  (6 )  the  composite  nature  oi  the  gabbro  mass  itself, 
which  is  biult  up  of  many  intrusions  traversuig  and  interlacing 
with  one  anotner  ;  and  (c)  the  multiplicity^  of  ^  later  basic 
intrusions  in  the  forms  of  dykes  and  sheets  wnich  inteiaect  the 
gabbro. 

Most  of  the  enclosed  patches  that  have  been  mapped  are  of 
the  volcanic  agglomerates,  but  this  may  bo  due  in  part  to  the 
fact  that  these  are  more  easily  detected  than  tne  highly 
metamorphosed  patches  of  basalt.  In  nlaoes,  however,  the 
agglomerate  also  is  so  much  altered  as  to  become  very  obscure, 
the  finely  divided  matrix  entirely  losing  its  character.  It  seems 
prnb;)1t1c  indeed  \}\:\t  the  xcnolitns  of  gabbro  and  basalt  enclosed 
in  tiie  ^^ai)bro  in  many  parts  of  the  Cuillins  are  derived  in  some 
cases  irom  the  destruction  of  enveloped  portions  of  volcanic 
agglomerate  rather  than  from  sohd  masses  of  gabbro  and  basalt, 
although  this  certainly  cannot  be  the  source  of  the  zenoliths  in 
all  cAscs. 

Although  abrupt  junctions  of  different  kinds  of  gabbro,  e.g.  of 
coarser  and  finer-textured  types,  constantly  attest  the  complex 
structure  of  the  great  gabbro  mass,  it  nas  not  l>een  found 
practicable  to  take  account  of  this  in  the  mapping  of  the  area. 
One  type  only  is  so  distinct  in  appearance  from  the  rest  as  to  be 
easily  followcMi  by  eye  even  at  a  distance,  and  has  been  mapped 
as  an  indication  <^  the  fiishion  in  which  the  several  component 
intrusions  of  the  great  laccoHtic  mass  intersect  and  interlace  with 
one  another.  Tliis  rock  is  conspicuous  by  the  orange-red  colour 
which  it  assumes  on  an  exposed  face,  and  is  further  characterised 
by  an  extremely  rough  siurlivce  due  to  httle  pits.  These  pits  mark 
the  position  of  xenonths  of  a  less  durable  tyj^  of  gabbro,  with 
which  this  peculiar  rock  is  often  crowded.  ^  tt  is  confined  to  the 
western  part  or  main  range  of  the  Cuillins,  where  it  occurs 
sometimes  in  considerable  bodies,  sometimes  in  the  form  of  dykes 
traversing  the  more  norni;il  <_od>l»ro,  and  in  visible  connection  in 
certain  cases  with  the  larger  ixxlies.  On  the  other  hand  the  same 
or  a  closely  similar  rock  is  found  in  the  neighbourhood  of  the  Mad 
Water(Allta'  Chaoich)  entangled  in,  ana  veined  by,  a  coarse- 
grained gabbro  of  normal  type, 
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Like  the  area  already  reported  on,  tlio  c^abbro  tract  surveyed  (M^HMkir.) 
during  the  past  year  is  remarkable  tor  tlie  groat  profusion  of 
minor  intrusions  of  ba-salt  and  diabase  wliich  traverse  it  in  the 
fomi  of  a  scries  of  paralltil  sheets.  The  dip  of  these  sheets 
follows  the  rule  alreaay  pointed  out,  being  always  towaids  the 
centre  of  the  whole  gabbio  area.  Thus  at  iae  head  of  the 
Coruisk  valley  and  on  the  neighbouring  mountains  the  dip  is 
E.,  around  I^h  Coniisk  N.E.,  on  Sgiirr  na  Stri  N.,  and  on 
^lavon  N.W.  As  before,  these  basic  sheets  are  found  to  cease 
abruptly  at  or  near  the  outer  edge  of  the  gabbro  area,  nor  do 
they  enter  the  granite  of  Marsco,  Druim  an  Eidhne,  etc.,  which 
In  part  breaks  throueh  the  gabbro.  Further,  there  are  tracts 
in  the  gabbro  ittelf  where  the  sheets  are  almost  wanting.  This 
is  the  case  along  the  Sligachan  River,  on  Druim  an  Eidhne,  and 
on  the  shores  of  Loch  na  Cr^ithea  jh  and  Loch  Coruisk ;  all 

E laces  where  the  base  of  the  great  gabbro  laccolitc  is  not  far 
eneath  the  surface.  At  the  base  of  the  gabbro,  as  seen  alone 
the  auter  boundary  of  the  area,  the  sheets  are  abundant,  ana 
they  occur  in  the  granite  which  is  exposed  along  the  outer 
(eastern)  base  of  the  Blaven  range. 

Dykes  intersecting  thebaaaltic  lavas  aTid gabbro. — Basic  dykes 
continue  to  be  met  with  in  great  profusion  mth  in  the  basalt  and 
in  the  gabbro  area.  Where  the  rocks  are  well  exposed,  the 
field-maps  often  show  as  many  as  a  hundred  dykes  in  a  square 
mile,  presenting  a  remarkable  contrast  to  the  granitic  tract,  where 
an  equal  area  contains  on  an  average  only  five  or  six  dykes  at 
most  The  distribution  of  the  dyEes  is,  however,  not  imiform 
either  on  the  basalt  plateaux  or  on  the  gabbro  mountains.  The 
comparativo  fewness  of  dvkes  on  some  of  the  higher  moors  is 
doubtless  to  bo  ascribed  to  the  ditticulty  they  experienced  in 
penetrating  the  luassive  sills  of  which  these  elevated  piiiteaux  are 
mainly  bu3t.  There  are  also  places  relatively  free  nom  dvkes 
within  the  gabbro  area,  and  this,  too,  is  probably  not  without 
significance.  Thus  the  basitt  dykes  are  almost  wholly  wanting 
between  Loch  a'  Choire  Riabhaich*,  and  the  moutli  of  Harta 
Corrie.  This  may  plausil)ly  be  explained  hy  the  j)r()tection 
afforded  by  the  unaerfying  granite,  which  is  seen  on  l)rnim  an 
Eidhne  passing  under  the  gabbro.  Farther  north,  in  the 
Sligachan  valley,  where  the  contact  of  gabbro  and  granite  is 
vertical,  the  usual  dykes  occur  in  the  former  rock  up  to  the  junc- 
tion. Again,  the  granite  of  Buadh  Stac  and  Loch  an  Athain 
undoubtedlv  extends  for  some  distance  eastward  beneath  the 
gabbro  of  tko  Blaven  range  :  nnd  accordingly  we  find  dykes  far 
les-s  numerous  on  the  western  than  on  the  eastern  sloi>cs  of  that 
range.  Another  part  of  the  gabbro  area  in  which  dyKes  are  few 
is  that  between  Loch  Scavaig  and  Coire  an  Uaigneis,  along  the 
south-western  side  of  the  Coruisk  vaUey.  We  have  no  certain 
evidence  of  the  existence  of  subterranean  granite  here,  but  it  is 
possible  that  the  granite  seen  rising  above  sea*  level  on  the  shores  * 


*  The  southerly  tam  of  this  name,  near  Loch  CoruiBk,  not  the  one  near 
Sgiirr  oaa  Gilleau. 
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(Mr. Barker.)  of  Loch  Scavaig  is  proloxkged  in  this  direction :  indeed  d^ kes  ai  d 
vans  resembting  the  known  apophyses  of  the  granite  are  found. 
The  mapping  during  the  past  season  has  given  additional  con- 
firmation of  the  fact  that  the  fewness  of  dykes  in  the  granite 
does  not  imply  tlie  posteriority  of  that  rock  to  the  majority  of 
dykes  in  the  district,  but  is  due  to  tVic  resistance  which  it  op[K>scd 
to  their  passage.  The  ftonaller  Ixxlies  of  t^^-unitc  and  tiie  off- 
shoots from  the  larger  masses  are  as  fruely  traversed  as  the  neigh- 
bouring gabbro  and  basalt  Another  rock  which  is  commonly 
poor  in  dykes  is  the  Tolcanic  agglomerate,  and  we-  even  find 
txisalt  dykes  which  traverse  the  ^bbro  stopping  abruptly  at  the 
junction  of  an  enclosed  patch  nf  Mgglomerate.  Petrogritphirally, 
the  basic  dykes  {present  a  variety  of  types —diabases,  tlulerites, 
and  basalts — mostly  ^vitiK)Ut  any  special  })eculiarities.  Olivine 
conspicuous  to  the  eye  is  not  often  seen,  excepting  in  a  group  of 
porpliyritic  olivine-basalts  (spedfic  gravity  2*86 — ^2*89)  restr&tod 
to  the  granite  area. 

Dykes  of  other  than  basic  conijM)sitioii  make  up  but  a  small 
proportion  of  the  whole.  The  trachyte dykes  already  mentioned 
are,  however,  well  represented  in  some  parts  of  the  basjilt  area, 
esj>i'cially  in  the  neighbourhood  of  Drynoch.  Liko  the  l)asic 
dykes,  they  follow  a  ver^  general  N.N.W. — S.S.E.  direction.  The 
rock  {proposing  them  is  nne-textw^  and  without  conspicuous 
porphyritic  crystals.  It  has  a  specific  gravity  2  04,  and  consists 
almost  wholly  of  slender  prisms  of  fels})ar.  f)oth  orthoclase  and 
oligoclase,  with  a  fluxional  arrangement,  rjire  Hakes  of  biotite 
being  the  only  other  constituent,  it  resembles  generally  a  rock 
previously  noted,  which  occurs  in  numerous  dykes  in  tHe  Broad- 
lord  district ;  but  it  has  less  of  the  potash  ana  more  of  the  soda- 
bearing  felspar.  The  Broadford  dyles  give  specific  gravities  of 
2-50  to  2-66. 

True  acid  dykes  are  more  uncommon  on  the  basalt -plateaux, 
and  they  are  rarely  met  with  in  the  part  of  the  ^'abbro  area 
survcyca  during  the  past  year.  The  most  intert  sting  group  is 
that  which  traverses  tne  gabbro  and  volcanic  agglomerates  and 
tufts  of  Druim  an  Eidhne  (Drum-hain),  and  is  characterised  by 
a  beautiful  spherulitic  structure  and  fluxion-lamination;  Some  of 
the  spherulites  are  from  an  inch  to  two  inches  in  diameter,  with  a 
complex  plumose  structure.  These  dykes  are  near  the  fine- 
textured  ami  often  spherulitic  margin  of  the  granite,  and  many 
of  them  can  be  traced  into  continuity  with  it. 


laU  of  At'ism. 

(Mr.  Gimn.)      Of  the   well-known    rrjanite   of  Arrnn    which    forms  the 
picturesque  mountain-cT^iil'  northern  half  of  the  island, 

the  greater  part  has  been  surveyed  by  Mr.  Guxn.  He  has  now 
completely  traced  its  boundarv-iine  with  the  surrounding  rocks. 
Some  of  the  finest  junctions  of  the  granite  with  the  schists,  which 
show  the  intrusive  character  of  the  igneous  rock  in  North  Glen 
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Sannox  were  described  iiioro  than  a  century  ago  bv  Hi  rr<)N,*and  (Mr.  Giiiui.1 
have  since  been  often  referred  to,  but  other  junciion.s  tjuite  as 
striking  occur  ou  the  east  side  of  Glen  CaUicol  at  Madadh 
Lounie  and  in  several  piaoes  north  of  Meall  nan  Damh.  The 
^nite  maintains  generally  its  ordinaiy  coarse  cliaiacter  near  its 
junction  with  the  schists»  but  there  aie  several  places  where  it  is 
fine-grained  :it  tlie  margin. 

Several  writers  have  descriV»cd  a  finer-grained  granite  in  the 
interior,  without  attemptinL:  to  define  its  exact  boundaries.  Tt  is 
intrusive  in  the  coarser  variety  which  surrounds  it,  and  is  there- 
fore of  somewhat  later  date,  but  both  evidently  belong  to  one 
great  period  of  plutonic  action,  as  they  have  flenerallv  the  same 
sets  of  joints,  and  they  are  alike  penetrated  oy  all  the  varieties 
of  dykes  (quartz-porphyry,  felsite,  pitchstone,  hiJ>a]t,  Sec  ).  Tlie 
finer  kind  of  granite  o<;cupie.s  nearly  all  the  west  side  of  the 
loTHa  Valley,  so  that  on  this  side  the  coarser  variety  is  but 
a  coiuparatively  narrow  strip,  varying  from  one  mile  in  width  to 
not  more  than  a  furlong  at  lorsa  Loch.  On  the  east  of  the 
lorsa  Valley  most  of  .  the  granite  is  of  the  coarser  kind,  and  the 
boimdary  between  it  and  the  fine  (part  of  which  was  mapped 
by  the  present  DraFrroR  (tEN'ER.\l  in  1S72)  i.s  tortuous,  some  nays 
of  the  tine  being  ahiiost  detaeht'd  and  .surrounded  by  the  coarse. 
All  the  peaky  hills  are  formetl  of  tlic  coarse  kind,  the  finer  variety 
forming  rounded  or  flat-tepped  hills,  generallv  of  lower  elevation. 
UsuaUy  the  fine  variety  breaks  up  into  small  slabs,  which  often 
so  entirely  cover  the  surface  of  the  around  that  no  solid  rock  is 
observable.  The  debris  of  this  rock  is  nearly  white  in  colour. 
Oecasionallv,  however,  the  tiner  granite  becomes  coarse,  and  then 
breaks  up  into  larger  blocks,  and  forms  crags.  Good  j unctions 
of  the  two  granites  are  to  be  seen  on  the  south  side  of  Beinn 
Bharrain,  on  Sail  Chalmadale,  and  in  Glen  Easan  Biorach. 

In  addition  to  the  main  mass  of  finer  granite,  numerous  small 
dykes  and  sheets  of  it  have  been  intruded  into  the  coarse  in 
various  ^aoes;  but  most  of  these  are  not  lai^  enough  to  be 
separately  mappod  Sometimes,  however,  larger  intrusions  of 
this  character  are  met  with.  In  one  of  these,  near  the  liead  of 
Glen  Sannox,  on  the  south  side  of  Caisteal  Abhail,  where  the 
rock  has  a  markedly  jointed  structure,  a  closely  laminated  band 
•f  fine  granite  about  nine  feet  in  width  may  be  traced  for  a 
himdred  yards  or  more.  This  is  a  {)eculiar  rocK,  and  differs  from 
the  fine  granite  which  surroimds  it  in  having  an  approach  to 
a  linear  arrangement  of  the  quartz  in  the  rock.  It  ^vrMthers  into 
very  thin  plates  or  slabs,  and  looks  at  first  sight  more  like  a 
schist  than  a  granite.  Tt,  however,  has  its  laminae  dipping 
steeply  to  the  west,  exactly  in  the  same  way  as  the  joints  do  in 
the  adjoining  fine  granite. 

The  majonty  of  the  igneous  dykes  in  the  island  of  Arran  are 
newer  than  the  granite,  but  a  few  aie  certainly  of  older  date. 


*  In  tho  unpublished  third  volume  of  his  Theory  ( f  i  Ue  Ivnth,  of  the  MS. 
of  whifh  a  siurvi\ing  portion  is  about  to  bo  given  to  the  world  I'ythe 
Geological  ^Society.    Iluttoa's  observatious  were  made  iu  the  ycur  i7S7. 
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(Mr,  Gann.)  One  of  these  has  already  hxjon  described  from  the  Cnocan  Bum 
dam  sonth  of  Goatfell,  and  another  was  met  with  this  year  at 
Creag  nan  Gobhar  on  the  west  side  of  Glen  Catacol.  In  the 
latter  cue  veins  of  nanite  penetiate  the  dyke,  which  has  heen 
changed  from  a  basalt  to  a  diorita 

I)^e8  <rf  various  kinds  seem  to  be  nearly  as  mmieroiis  in  the 
granite  as  in  any  of  the  other  rocks  of  the  island.  IM  uiy  l^n^alt 
dykes  may  be  seen  along  the  west  shore  from  Macliric  Bay 
northward,  and  alon^  the  northern  part  of  the  island,  but  few  of 
them  can  be  identified  with  those  met  with  in  the  interior. 
Many  are  small  and  their  courses  irregular.  The  largest  occurs 
between  Imachar  and  Balliekine,  and  is  in  places  100  feet 
in  width. 

Dykes  of  varionFi  kindsi  have  been  traced  for  lonc^  distances  in 
the  granites,  and  one  m  particular,  a  quartz  ffslsite  wliioh  follows  a 
north  and  south  course  over  Beinn  Tarsuinn  and  the  south-east 
of  Beinn  Nuis,  can  bo  followed  for  more  than  two  miles.  On 
Beinn  Tarsuinn  it  seems  to  be  quite  40  yards  wide,  but  it  divides 
into  several  branches  striking  to  the  north.  To  the  south-east 
of  Beinn  Nuis  its  width  is  75  fl'ct. 

To  the  north  of  Caisteal  Abhail  a  remarkable  dyke  of  porpb^Titic 
pitchstono  of  a  dark  green  colour,  and  which  is  neautifuliy 
columnar,  may  be  traced  for  many  yards  by  the  colunms  which  lie 
about  on  the  surface,  and  vary  somewhat  in  form  as  well  as  in 
size.  None  of  the  rock,  however,  is  actually  seen  hera  in  stfuv 


DIttriet  ol 

Loch  Eil. 
(Mr.  Granfc* 

WilMD.) 


ArgyUshvre, 

Between  the  vast  basalt  plateaux  of  the  Inner  Hebrides  and 
the  complex  protrusions  of  Arran  many  less  conspicuous  illustra- 
tions of  the  Tertiary  yolcanic  activitv  may  be  obserred.  During 
the  past  year  some  volcanic  necks  nave  been  met  with  in  the 
west  of  Argyllshire,  which,  though  their  age  cannot  be  definitely 
fixed,  are  not  improbably  referable  to  the  Tertiary  period. 
They  belong  to  the  same  class  as  those  formerly  described  from 
western  Ross-shire  and  ilaasay. 

One  or  two  of  these  hitherto  unobserved  vents  have  been 
detected  by  Mr.  Ghaut-Wilson  amonff  the  hills  on  the  north 
side  of  Loch  Eil,  where  they  pierce  tne  prevalent  quartzose 
flagstones  of  that  part  of  the  Highlands.  The  lai^t  of  them 
forms  a  curiously  Knnb}>y  summit  to  the  mountam  known  as 
Stob  a  Ghrianain  (Sunny  toint,  2,420  feet).  The  hill  top  being  free 
from  drift,  the  form  of  the  orifice  can  be  clearly  maae  out.  In 
ground-plan  it  is  somewhat  bow-shaped,  with  the  curved  side 
towards  the  south-east  Its  extreme  length  is  730  yards,  and  its 
breadth  266  yards.  At  the  n*  i  l  i  west  comer  the  more  or  leas 
Tortical  wall  of  the  yent  is  seen.  The  material  that  has  filled  up 
the  orifice  is  an  agglomerate  h  is  occasionally  very  coarse. 
In  some  parts  it  is  mainly  made  up  of  fragments  of  the  sur- 
rounding liiicaoeous  fln«;stones.  Elsewhere  it  consists  of  an 
igneous  matrix,  enclosing  fragments  of  flagstone,  which  are  mostly 
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siiKanj^iilar.    Some  of  those  are  -wTapped  round  in  a  finer  matrix  District  of 
of  iL^ncoiis  material,  but  the  chief  rock  is  a  decomposing,'  f»asiilt.  ^"^^  Eil. 
The  roimded  fla^tone  fragments  mav  have  acquired  their  shape  wUsono'*'' 
from  attrition  m  the  volcanic  chimney  during  successive 
explceiona.   On  being  broken  open  they  show  an  altered  and 
baked  outer  surface  surrounding  a  less  altered  core.    One  of 
these  rounded  fragments  was  examined  by  Mr.  Teall,  who 
reports  regarding  it: — "  [8197]  Qnartz-biotite  granuhte.  The 
optical  characters  of  the  biotite  liave  Jwen  more  or  loss  destroyed. 
The  mineral  is  turbid,  feebly  pleochroic,  and  without  the  strong 
characteristic  double  refraction." 

One  of  the  largest  blocks  of  flagstone  measures  15  feet  x  12 
feet  X  5  feet  It  thus  contains  900  cubic  feet,  and  must  weigh 
about  70  tons.  This  block  is  clearly  seen  to  have  been  traversed 
by  a  granite  dyke  prior  to  its  being  broken  off  from  its  parent 
source,  so  that  tlio  volcanic  episode  belongs  to  a  far  later  period 
than  that  of  the  granite  intrusions.  In  the  matrix  of  the 
acKlomerate,  augite,  olivine,  volcanic  glass,  and  mica  are  common, 
wmle  the  bulk  of  the  magma  that  was  disrupted  by  explosions 
seems  to  have  been  composed  of  basalt.  A  specimen  of  this 
basalt  was  submitted  to  Mr.  Teall  for  examination,  who 
remarks  regarding  it: — "[81!'"]  Compact  black  basalt,  con- 
taining numerous  small  iVa^^nents  of  biotite-granulite,  and 
probably  also  detached  mineral  grains  derived  from  the  granulito. 
The  basalt  itself  is  composed  of  serpentinous  pseudomorphs,  in 
part  at  least  after  olivine,  and  a  ground-mass  of^microlitic  augite, 
magnetite-dust,  biotite,  and  a  colourless  apparently  isotropic 
base.  The  true  character  of  the  ground-mass  can  only  be  seen  in 
very  tliin  sections  with  a  high  power.  No  felspar  undoubtedly 
bciongmg  to  the  basalt  has  been  detected.  Tne  rock  has  the 
structure  of  the  nepheline-  or  analcimo-basalts,  and  is  probably 
referable  to  this  ^oup." 

This  neck,  as  it  now  exists,  is  clearly  a  portion  of  the  original 
volcanic  chimney,  any  overlying  and  surroundmg  cone  of  detritus 
which  existed  having  been  removed  by  subsequent  denudation. 
Another  small  "neok,"  about  50  yards  in  diameter,  is  seen  in  the 
channel  of  a  rivuUtt  700  yards  to  the  south-west  of  the  Stub 
Ghrianain.  A  third  vent  lies  250  ^'ards  to  the  S.E.  of  the  2,385 
feet  cairn  on  the  Druim  Fada.  It  is  oval  in  shape,  80  yards  long, 
and  stands  up  prominently  above  the  surrounding  flagstones.  It 
18  almost  entirely  composed  of  small  pieces  of  flagstone  and 
qiiartzite  embedded  in  a  line-grained  ashy  matrix. 

Nearly  forty  miles  to  the  south  of  the  group  of  vents  above  Lorre. 
Loch  Kil,  Mr.  Symes  has  come  upon  another  neck  on  the  moor-  ^y"'*"^-) 
laud  between  Loch  I'eochan  and  Loch  Scamadale,  about  six  miles 
south  from  Oban.  This  example  presents  a  number  of  peculiari- 
tiea  In  the  first  place,  it  rises  amidst  the  lavas  of  Lome,  so 
that  it  must  be  of  later  date  than  some  prt  of  the  Lower  Old  Red 
Sandstone.  In  the  second  place,  it  is  hllcd  up  with  acid  and  not 
basic  material ;  and  lastly,  it  appears  to  be  connected  with  some 
of  the  younger  (presunialjly  Tertiary)  dykes,  so  that  iTi  this  way 
it  supplies  more  detinite  inibraiation  as  to  its  probable  age. 
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Lome.  This  neck  is  pear-shaped  in  plan,  narrow  at  the  north  end  and 

(Mr.  SymM.)  widening  southward,  its  maximum  length  boii^  about  120  feet. 

It  is  filled  with  a  coarse  agglomemte,  some  of  the  blocks  in  which 

measure  two  or  throe  feet  in  diameter.  The  frapnents  consist 
largely  of  a  rciiiarkable  greenish  rhyolitic  rock  with  exquisitely 
developed  How-struci  iiro,  but  they  also  include  pieces  of  the 
surrounding  andesitic  lavas,  of  the  pink  Motite-andesite,  which 
occurs  in  dykes  and  sills  in  the  Lome  volauiic  |)laiuiiu,  and  of 
some  basic  rocks  Uko  the  material  of  many  of  the  Tertiary  dykes. 
While  the  neck  pierces  the  andesitic  lavaq  and  their  associated 
porphyry  dykes,  it  appears  also  to  truncate  one  of  the  numerous 
rhyolite  dykes  of  this  district,  to  which  reference  will  presently  be 
made.  Immediately  to  the  south  of  it,  n  }^v()iii\  dyke  of  rhyolite 
or  trachyte  appears,  exactly  similar  to  tUo  i)e('uliar  rock  of  which 
the  blocks  in  tlie  neck  so  largely  consist.  Tlii.s  dyke  is  one  of  the 
composite  kind  so  abundant  in  Skye,  for  it  is  flanked  on  either 
side  oy  a  narrow  basic  dyke^  A  little  further  southp  in  the  rayines 
of  the  Eas  Ruadh,  which  descends  into  Loch  Scamadale,  similar 
rhyolites  or  trachytes  pierce  the  andesitic  lavas,  and  are  again 
accompanied  by  marginal  bands  of  basalt.  In  one  example  the 
acid  rock  may  bo  seen  to  enclose  a  portion  of  a  dyke  so  highly 
l>iisic  as  almost  to  become  a  poridotitc.  These  rocks  are  obviously 
of  far  younger  date  than  the  ^e  of  the  Lower  Old  Red  Sandstone. 
The  peculiar  characters  of  the  acid  material  and  its  association 
in  compound  dykes  with  basic  walls  seem  to  link  tliese  rocks 
with  the  Tertiary  volcanic  scries  of  the  west  of  Scotland  If 
this  bo  established  as  tlieir  true  geological  horizon,  they  furnish 
£resh  evidence  of  the  wide  extent  and  variety  of  the  phenomena 
of  dyko-mtrusiun  during  older  Tertiary  time. 

A  specimen  from  one  of  these  acid  dykes  was  sliced  and 
submitted  to  Mr.  Harker  for  petrographical  determination, 
and  he  has  supplied  the  following  note  respecting  it 

"  A  dull  white  compact-looking  rock  with  a  few  little  glistening  spccka. 
•vAaeh  are  crystalB  of  quartz  and  felspar.    The  slice  shows  scattered 

porphyritic  crvstuls,  usually  less  than  'r^-,  inch,  of  quartz  in  good  jtyminidal 
crystals,  and  fel.si>{irs  (all>ite  and  sanidinc)  soinetiniea  intergroNvn  in  micro 

{)yrthite  fashion.  The  ground-mass  is  essentially  of  felsixurand  fiuartz,  the 
atter  evidently  in  great  part  of  secondary  origin.  The  fel  spar  is  in  bunches 
of  little  prisms,  but  the  orifrinal  strticture  of  the  rock  is  much  olisctired. 
It  seems  to  belong  rather  to  the  rliyolitic  than  to  the  trachytic  fauiily. 
The  socondary  quarts  of  the  groimd-mass  might  Ih  It  rived  from  the  rock 
itself,  or  from  an  extraneous  source,  hut  the  porphyritic  quartz  seems  to 
mark  the  rock  rather  as  one  of  acici  composition,  since  tne  felspars  are 
doubtless  all  alkali-felspars.  Leaving  out  of  account  rocks  of  the  dacite 
family  (which  is  not  in  qncsti<>n  here).  porph>Titic  quartz  crystals  may  be 
taken  as  characteristic  of  ^  rhyolitic  rocks  of  intrusive  type  ;  in  the  rhyolitic 
lavas  they  are  often  wanting. 

(Diioctnr  At  grcnt  distances  from  the  main  centres  of  Tertiary  volcanic 
Geueial.)  activity,  basie  dykes  lin  ving  a  prevalent  north-westerly  trend  con- 
tinue to  bu  abuniUiUt  in  the  grountl  most  recently  surveyed  in  the 
west  of  Scotland.  They  are  subject  to  local  augmentations  of 
number,  and  in  some  places  become  so  plentiful  and  lie  so  close 
together  that  it  is  dimcult,  or  unpossible,  to  represent  them  all. 
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even  on  maps  on  the  scale  of  six  inrhos  to  a  mile.  As  the  survey  (Director 
1ms  advanced  south  from  Oban,  one  of  these  tracts  of  prolitic  dyke- 
intrusion  has  been  entered.  Admirable  sections  are  laid  l>aie 
along  the  coast-line,  where  the  dykes  may  be  studied  both  in 
i^round  plan  and  in  yertical  section. 

Some  instructive  sections  may  be  here  referred  to  which  arc 
visible  along  the  shores  of  the  island  of  Soil,  to  the  north  of  Easdale. 
The  prevalent  rock  of  the  island  is  the  black  slate  which  has  so 
long  oeen  quarried  here  and  on  the  opposite  island  of  Easdale. 
These  slates  arc  traversed  by  numerous  dolerito  dykes,  wliieli 
occasionally  tlirow  olV  tortuous  intcrlac-inc;"  reins.  It  is  interest  ing 
to  note  that  wliere  tlic  hasm  rock  asHunies  tliese  riblton-like  or 
tilameiitous  fornis,  it  has  undergone  the  characteristic  decom- 
position into  "  white  trap,"  which  is  so  generally  observable  where 
tiasic  material  has  been  injected  into  rocks  of  a  more  or  less  car- 
bonaceous composition.  The  proportion  of  carbon  in  these  black 
.slates  ninst  smnll,  but  it  nas  been  sufficient  to  superinduce 
this  peculiar  typo  ot  alteration. 

One  of  the  most  striking  sections  on  this  coast  is  fiiniished  by 
a  compound  dyke  which  cuts  the  slates  on  the  beach  about  a 

furlong  south-east  from  the  schoolhouse.  This  intrusion  is  made 
up  of  at  least  ten  bands  of  dolerite,  "W'hieh,  thouq-h  in  a  general 
sense  parallel  to  each  other, occasionally  diniinish  in  thickness,  bend 
in  their  course,  and  thus  allow  wedges  of  the  surrounding  slates 
to  come  in  between  them.  Whore  no  such  foreign  intrusions 
appear,  the  whole  igneous  mass  nught  at  first  be  taken  for  a  single 
broad  dyke,  but  a  Uttle  examination  discloses  that  its  individual 
bands  arc  in  several  onses  separated  from  each  other  by  a  selvage 
of  lilaek  glass,  which  is  sometimes  two  iiiclios  thick,  but  dwindles 
down  to  a  mere  tilni  or  glaze  on  the  wall  of  the  dyke.  The 
dolerite  assumes  an  exceeaingly  coarse  grain  for  several  inches 
'before  it  is  succeeded  by  the  vitreous  layer.  Here  and  there 
strips  of  glass  lie  within  the  body  of  a  dyke  some  way  back  from 
the  wall,  without  any  evidence  that  they  there  mark  outer 
margins  of  distinct  dvKes.  One  of  the  dykes  presents  a  nuTnV»er 
of  cavities,  some  of  them  tim  e  or  four  inches  m  diameter,  which 
are  lined  with  small  pea-like  spherules  of  the  same  black  gla.ss. 
Mr.  Svmes  has  foimd  that  many  of  the  dykes  have  a  spherulitic 
Structure  at  their  outer  margins,  the  spherules  being  grouped  in 
rows  like  those  observed  by  Mb.  Cloi  ch  in  Skye,  and  that  these 
rows  or  chains  are  sometimes  inclined  to  the  horizon  at  an 
anelf^  «~>f  10"  to  the  S  E.  (as  at  Gallanach  to  the  south  of  OhanV  as 
if  the  molten  magma  had  ascended  in  the  iissme  from  a  south- 
easterlv  direction. 

In  the  district  surveyed  by  Mr.  Grant-WilsoN  both  to  the  Dykes  in  the 
north  and  south  of  Loch  Eil  many  dykes  of  i)rcsumably  Tertiary  ^«ch  Eil 
age  have  been  met  with.    Thus  on  the  ridge  of  T>ruim  Fada,  f"ant*' 
^already  referred  to  for  its  volcanic  necks,  a  group  occurs  of  whitth  Wilaon.) 
the  largest  is  not  more  than  four  feet  broad.    On  the  west  side  of 
Glen  Albyn  they  are  more  numerous;  several  cut  the  diorite  of 
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Dykes  in  the  Glen  Loy  and  exhibit  nhillod  odpfos.    A  spcciriicn  from  on©  of 

Loch  Eil      these  cxjtmined  bv  Mii.  Tkall  is  thus  described  bv  bini : — 
disttiot.  (flfr. 

Grant-  "[8280. J  Basalt.— Under  the  microscope  a  few  microlites  of  felspar  and 

W'Uson.)  pseadomori>h8  after  skeleton  crystals  of  olivine  are  aeen  in  a  deep  brown 
matrix  which  shows  some  action  on  jiolarisod  lightj  but  whirh  must 
orij^nnally  have  been  a  tacrhylitc.  There  are  a  few  mmute  black  grains 
(iiiagnctitcX  but  most  of  the  iron  was  obviously  retained  in  the  glass. 
The  basalt  shows  a  slight  banding  parallel  with  the  junction.'* 

Several  basalt  dykes  are  also  exposed  in  tho  stream  diaiiimff 
the  Monadh  Beag.    Close  to  the  second  milestone  on  the  road 

leading  from  the  Corran  to  Conaj_rleii,  two  dolerito  dykes  cut  tho 
granite.  KxuiniiRMl  under  the  luicroscopo  by  Mr.  Teall,  one  of 
these  specimens  [8200]  was  seen  to  be  "  composed  of  plienocrysts 
of  basic  plagioclaso  and  augite,  both  occurring  in  crystalline 
l^roups  in  a  ground-mass  of  lath-sliaped  plagioclase,  augite,  and 
iron-ores.  Carbonates  are  also  present  m  the  ground-mass.  It 
is  a  dolerite."  A  similar  dyke  is  seen  cutting  the  flagstones  in 
the  old  quarry  to  the  south  of  Muiishirlioh  poor-house. 


Pr.EWTOCENE,  IKCtUDTNO  GlACIAL. 

So  many  interesting  and  important  questions  rc^indiiiG^  tho 
latest  phases  in  the  geological  history  of  the  British  Isles  depend 
for  their  solution  upon  a  detailed  study  of  the  superficjal  deposits 
that  steps  have  recently  been  taken  ^  to  methodise  more 
definitely  than  hitherto  tlio  systematic  investigation  of  these 
deposits  by  tho  (Jcological  Sur^'oy.  In  particular  it  seemed 
dcsirablo  to  secure  greater  precision  ana  uniformity  in  tho 
noting  and  collecting  of  such  organic  remains  as  occur  in  tho 
accumulations  in  question.  Tho  peat- mosses  for  example, 
which  cover  such  large  tracts  ui  many  parts  ojf  these  islands, 
have  never  yet  been  systematically  explored,  with  the  view  of 
ascertaining  what  evidence  they  and  their  associated  sediments 
may  yield  as  to  former  ditVerences  of  climate.  Accordingly 
some  suggestions  have  been  drawn  up  by  Mr.  Clement  Reid, 
who  lias  (levottnl  special  attention  to  the  subject.  These  have 
boon  circulated  among  the  stati"  of  the  Survey  for  the  mibrmation 
and  ^danoe  of  the  officers  engaged  in  mapping  the  superficial 
deposits.  As,  however,  they  possess  a  general  interest,  and  may 
be  useful  outside  the  ranks  of  the  Survey,  they  are  here  inserteo. 
Mr.  Held  on  Tbo  Fost-glac  ial  climatic  changes  that  have  occurred  in  Britain 
^'atilrn  of*^''  '^^^^^  iivn-i^  thorough  investigation.  The  succession  of  cold  and 
iM>merocent  "^vfirm,  or  wet  and  dry,  {)eriud.s  represented  by  the  deposits  abovo 
deiNMili.  the  Boulder  Clay  can  bo  decided  by  an  examination  of  the 
contents  of  the  ancient  peat-mosses  and  similar  strata.  It  is 
necessary  for  this  purpose  to  collect  evidence  from  Yarious 
districts  and  from  various  heights  above  the  sea  level 
Four  main  questions  still  remain  unanswered  t — 

1st.  What  caused  the  dying  away  of  tho  glaciers  and  ico 
sheets  ?  Was  it  mere  ly  an  increase  of  temperature,  or 
was  it  the  comnicncement  of  a  period  of  dry  cold,  like 
that  indicated  by  tho  loess  of  Central  Euro|)e  ? 
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2nd.  After  the  disappearance  of  the  ice  and  the  incoming  of  a  Mr.  Beid  on 
Temperate  nora  was  t  here  a  general  recurrence  ot  cold  tbe  iiiTitti. 
oonditioDS  (but  not  K^^ciation)  and  re-entry  of  Arctic  recent 
plants  ?  Or  are  the  aepouts  with  a  Temperate  £ftuna  deporite. 
and  flora  in  the  southern  half  of  Englanu  equivalent 
to  depodta  lying  below  moraines  in  r^ons  fiirther 

north  ? 

3rd.  What  was  the  relntion  of  Palfeolithic  man  and  of  the 
Vloistocene  mammals  to  these  climatic  changes  ? 
Wimt  is  the  meaning  of  the  break  between  rala.'olithic 
and  Neolilhic  ?  What  plmical  and  climatic  cliauges 
did  Paisolithic  and  Neoutnic  man  respectively  see  in 
this  oountzy  7 

4th.  What  was  the  maxiTnum  amount  of  local  submergence 
or  elevation  in  Post-glactal  times,  and  to  what  extent 
were  the  different  islimds  connected  ? 

To  answer  these  questions  it  is  necessair  systematically  to 
examme  the  "submerged  forests";  especially  where  in  dock* 
excaTations  or  such^like  works  several  successive  land-surfaces 

can  be  seen.  Valuable  results  mav  bo  obtained  by  the  study  of 
sections  through  the  de}x)sits  of  silted-up  lakes,  esj)ecially  when 
these  lie  in  hollows  in  the  Drift,  and  may  therefore  show  a 
continuous  series  of  strata  from  the  j)assin^-away  of  the  ice  to 
the  present  time.  Peat-mosses  also  should  be  examined,  and 
notes  be  taken  of  the  size  of  any  trees  contained  in  them  at 
oonsiderable  heights  above  the  sea,  especially  of  the  former 
upward  limit  of  tine  pine  and  oak. 

In  the  collection  of  samples  for  further  examination  it  should 
be  borne  in  mind  that  unless  the  stratigraphical  relations  of  the 
deposits  are  clear,  it  will  scarcely  be  worth  while  to  carry  the 
material  &r  or  to  undertake  the  slow  work  of  pulling  it  to  pieces 
and  washing  it.  Among  the  samples  needed,  especially  from  the 
south-west  of  Ireland,  are  the  bottom  layers  of  a  peat-moss, 
generally  consisting  of  loamy  or  marly  beds  mixed  with 
peat.  These  in  imgland  nml  Scotland  often  yield  leaves  of 
Jbrctic  plants  differing  greatly  from  the  Temperate  flora  of  the 
overlying  peat.  Below  the  peat  are  sometimes  found  deposits 
of  shell-  or  C%aro-marl  with  Megaceros,  These  marls  apparently 
yield  relics  of  a  flora  less  Arctic  than  that  of  the  basal  peat 
above ;  the  fossils  should  therefore  be  kept  separate,  and  a  sample 
of  the  marl  taken  for  washinc:  ff^^  tbc  smaller  species. 

If  any  PU  istoeeiie  mannnal  is  found  with  the  bones  associated, 
it  is  desirable  to  save  part  of  the  matrix ;  for  the  climatic  con- 
ditions  under  which  certain  of  the  larger  mammals  flourished  is 
so  litUe  imderstood  that  we  cannot  at  present  point  to  their 
occurrence  or  non-occurrence  as  evidence  of  any  changCb 
Detached  bones  are  of  less  importance,  and  may  nave  been 
washctl  out  of  an  older  doposit. 

A  pound  or  two  of  c^irefullv  selected  material  |)r()|>erly 
examined  will  generally  jaeld  a  clear  indication  of  the  origui  of 
the  deposit,  the  approximate  climatic  conditions,  and  whether  the 
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Mr.  Reid  on  Strata  are  likely  to  repay  further  exaniinjitioii  As,  liowcver.  it 
***^'*n^^^^  is  imporUnt  that  time  and  labour  siiuuiil  not  be  spent  on  tlio 
wnJe'recent  collection  of  valueless  samples,  it  may  l>e  pointed  out  that  the 
deponto.  thorough  study  of  a  selected  locality,  where  the  succefision  is 
clear,  is  far  more  important  than  the  collection  of  miscellaneous 
samples  over  wide  areas  where  no  succosdon  can  he  obtained. 
The  ordinary  fibre  or  nioss-pcat  of  a  lair^e  po.it-bocf  is  of  little 
interest,  as  it  guiusnilly  yields  only  the  common  widu-spread 
marsh  and  acpiatic  species  still  living  in  the  country.  ]  )o|H>sits 
tilling  a  small  silted- up  channel  or  lake  are  of  far  more  interest, 
for  hesides  aquatic  forms  they  ^ield  remains  of  various  dry-soil 
animals  and  plants  which  have  fallen  or  heen  hlown  in  from  the 
adjoinii^  banks ;  they  are  also  more  sandy  or  loamy,  and  there- 
fore mor»^  ('asy  to  examine,  and  they  contain  fossils  in  better 
preservation.  Great  care,  however,  is  needL'd  to  avoid  confusion 
through  landslips,  or  creep  of  older  deposits  over  the  peat.  The 
specimens  collected  should  be  obtained  after  careful  removal  of 
the  exposed  sur&oe,  so  as  to  eliminate  any  recent  seeds  or  loaves 
which  may  have  &llen  on  it 

Calcareous  tufa  contains  relics  of  many  perishable  species 
which  c^uinut  bo  preserved  under  other  conditions.  It  also,  more 
often  than  other  deposits,  yields  well-preserved  plant-remains, 
such  as  give  the  clearest  evidence  of  climate,  luias  oi  older 
date  than  the  Neolithic  Period  should  be  carefully  examined, 
and  search  should  he  made  for  hard  tufiM  in  ola  valleys  or 
channels  hidden  under  Glacial  Drift. 

Examples  of  the  kind  of  investigations  needed  may  be  seen  in 
Mr.  S  rKAn.w'  s  work  on  the  "  suomerged-forosts  "  of  the  Barry 
Docks  {Qmn-f.  Joum.  Geol.  Soc.  Vol.  LI  I.,  p.  474,  1896);  Mr. 
Bennie's  researches  in  the  fauna  and  flora  of  the  silted-up  lakes 
in  central  Scotland  {Annual  Reports  of  Geological  Survey  for 
18H  1895,  1896);  and  the  Report  of  the  British  Assodation 
Committee  on  the  **  Relation  of  raleolithic  Man  to  the  Glacial 
Epoch,"  1896. 

In  the  following  notice  of  the  recent  T>rn|rress  of  the  Survey 
among  the  Glacial  and  other  Pleistocene  deposits  of  the  coimtry, 
it  will  bo  most  convenient  to  follow  a  geographical  order, 
heginning  with  the  southern  and  central  counties  of  England,  and 
then  takmg  in  succession  Wales,  Scotland,  and  Ireland. 
Ham;. si  lire.      In  the  Hampshire  hasin  Mb.  Reid  has  encountered  only  a 
(Mr.  Keid.)    ncjitinuation  of  the  same  deposits  which  have  been  described 
ill  prc\ious  Reports.    Tb<'^r-  have  all  been  decalcitied,  and  yield  no 
fossils  except  Paleolithic  iniplriiients. 
Sf'*^nf*i  Oxfordshire  Mii.  J.  H.  Bi>.\k.e  has  tlefinitely  mapped  the 

(Mr.  siaKe.)  jj^mnj^rjes  of  superficial  deposit^  of  which  at  most  only  the 
existence  hod  boon  previously  indicated  on  the  maps.  Thus 
111  tu<  ( !i  Watorstock  and  Great  Haseloy,  afew  miles  to  the  oast  of 
Oxlord,  lie  has  traced  an  irregular  plateau  of  high-level  or  hill 
gravel  which  measures  two  miles  in  leni^^h  from  oast  to  west,  with 
a  bro4idth  of  a  mile  and  a  (]narter  at  the  east  t  n»l.  This  gravel 
overlies  the  Gault,  and  consists  chiefly  of  flints,  (piartz,  and 
abundant  rounded  pieces  of  quartzite.   In  the  central  parts 
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where  the  deposit  is  tln'ckcst,  it  has  been  prnvod  by  well  section'^  Oxfords»liire. 
to  bu  from  10  to  12  tVct  in  tliickness.  The  highest  portion  of  its  (Mr.  Blake.) 
surface  is  about  3li7  feet  above  Ordnance  Datum,  and  from  150 
to  160  feet  above  the  level  of  the  river  Thame  to  the  northward 
and  westward  of  it.  This  outlier,  which  occupies  the  highest 
ground  in  its  vicinity,  and  is  independent  of  the  present  dramage 
system,  shows  in  a  marked  manner  the  largo  amount  of  denuda- 
tion  tli:it  liMs  taken  plnee  since  its  deposition. 

Ill  the  arciis  nortn  of  the  Lliariiwood  Hills,  and  between  the  I^eicester- 
Trent  and  the  Soar,  wliich  have  been  surveyed  by  Mr.  Fox- 
Strangways,  not  much  boulder-clay  or  gravel  has  been  met  (mJ.  fox^*" 
with.  Patches  of  these  deposits  occur  on  many  of  the  hill- tops,  strangiray*.) 
but  they  are  generally  thin,  and,  as  in  the  Oxfordshire  example 
jiist  referred  to,  have  evidently  suffered  extensive  denudation. 
There  appears  to  bo  more  drift  in  the  valley  of  the  So;ir  tlian  in 
that  of  the  Trent.  The  alluvinrii  of  these  rivers  is  i  xtrnsive,  as 
within  a  short  distance  the  four  large  Midland  streams — the 
Dovo,  the  Derwent,  the  Soar,  and  the  Trent^umte  their  waters. 
This  deposit  consists  mainly  of  gravel,  with  hut  Uttle  day.  What 
clay  there  is  seems  to  have  been  washed  into  the  lower  districts, 
which  are  lial^lo  to  floods  at  the  present  time.  The  ground  is 
interseeted  by  inniimrTRhle  old  river-courses,  which  are  interesting 
in  that  they  show  how  fretiuently  the  streams  have  rliaiij^'ed  their 
iiK>sition  in  quite  recent  times,  and  how  the  main  stream  ha« 
frequenthr  blocked  and  diverted  a  tributary  branch.  On  either 
side  of  this  great  valley  there  are  extensive  gravel  terraces,  whidi 
are  probably  of  late  glacial  ago.  Mb.  Deelet*  calls  them 
"  interglaeial ";  but  Mr.  Fox-STiiANnwAYS  has  not  as  yet  seen 
any  evidence  to  lead  hhn  to  sup]3oso  that  glaeial  conditions  were 
very  marked  after  the  deposition  of  these  gravels. 


North  StaffordBhire. 

Durii:;^'^  the  revision  of  the  North  Staffordshire  coaltield  (Mr.  Lamp- 
advant.iLTe  has  been  taken  of  the  opportunity  to  map  also  all  the  lugli.) 
supertieial  deposits,  aa  these  had  not  previously  been  surveyed. 
By  the  recent  increase  of  the  staff  in  tnis  district  some  process 
has  been  made  with  the  Drift  survey,  and  various  facts  of  consider- 
able importance  in  regard  to  the  glaciation  of  the  Midland 
Counties  have  been  brought  to  light.  The  area  assigned  to  Mr. 
Lamplloh  has  I'oeu  examined  by  him  1m  twci  ri  Uttoxeter  and 
Leigh,  and  norili wards  to  the  villages  of  Upper  Tean  and 
Denstonc,  jis  well  as  eastwards  to  the  valley  of  tne  Dove.  The 
underl}-in<'  formation  of  the  greater  part  of  this  area  is  the 
Keuper  Mart,  which  forms  undulating  gronn  1  that  rises  to  some- 
what over  500  feet  above  Ordnance  Datum-level.  On  the  north- 
west side  a  higher  ridge  of  Keuper  Sandstone  and  Biuiter  Pebble- 
beds  reaches  73i)  feet  in  altitude.  The  Drift  is  spread  scantily,  in 
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(Mr.  Lamp-  patches  o£  limited  extent,  over  the  solid  rocks,  bein^  most  fully 
lugh.)  developed  in  small  plateaux  on  the  higher  ridges,  while  the  slopes 
and  the  minor  valleys  usually  cither  contain  none  or  exhibit,  at 
the  most,  a  pebbly  soil  overlying  the  Marl  to  a  depth  of  one  or 
two  feet.  The  lower  flanks  of  the  broader  valleys,  however, 
freinujiitly  present  disconnected  hanks  and  terraces  of  stony  loam 
and  pebbly  gravel  which  are  not  connected  with  the  present 
conditions  of  erosion  in  the  country,  and  are  probably  of  fluvio- 
glacial  origin. 

The  prevalent  Drift  of  the  higher  ground  is  a  red  sandy  loam, 
or  more  rarely,  clay,  containimj  numerous  rounded  quartzite  and 
other  pebbles  derived  from  the  Banter  (which  frequently  show 
the  characteristic  pittings)  together  with  an  occasional  partially 
rounded  fragment  of  hard  sandstone  probably  derived  nrom  the 
Carboniferous  rocks.  The  ahsenf*'  from  most  of  tho  district  of 
stones  Inrtr'^r  than  about  one  foot  in  tlmni' tcr  and  of  any  showing 
dear  pruot  of  glacial  striation,  together  with  the  sandy  character 
and  local  denvation  of  the  material,  seem  to  render  tho  term 
"  boulder-cl^  "  somewhat  inapplicable  to  this  deposit.  Evidence 
was  obtained,  however,  that  in  spite  of  its  abnormal  composition 
and  general  resemblanco  to  "  rain-wash,"  the  material  is  tne  local 
equivalent  of  tho  tnio  lioulder-clay  of  contiguous  tracts,  and  has 
had  a  similar  deriva<  ion  from  the  moving  mass  of  land-ice  hy  which 
the  whole  country  has  boon  covered.  The  clearest  proof  of  this 
was  furnished  by  the  presence  of  well-glaciated  surfaces  of  Lower 
Keuper  Sandstone  at  an  elevation  of  700  feet  above  O.D.  (almost 
the  highest  ground  in  the  neighbourhood),  which  were  uncovered 
towards  the  end  of  last  year  m  the  large  quarries  at  HoUington. 
Those  surfaces  were  dire<;tly  overlain  by  the  usual  pebbly  loam  of 
tlie  district,  of  rather  imusual  thickness  (from  10  to  25  feet),  and 
the  direction  of  the  .striye— W.  20°  N.  to  E.  20'  S. — shows  that  the 
movemmt  of  the  ice  has  not  been  determined  by  the  shape 
of  the  ground  in  the  vicinity  nor  by  the  presence  of  the  elevated 
Carbomferous  Limestono  tract  of  the  Weaver  Hills  a  few  miles  to 
the  northward,  but  has  been  consequent  upon  the  pressure  of  the 
great  ice-sheet  which  was  piled  up  over  the  lower  OTound  to  tho 
westward  at  id  north-westward.  As  this  is  the  only  locality  in 
the  district  where  there  is  any  rock  sutiicicntly  coherent  to 
exhibit  such  traces  of  glaciation,  it  is  fortunate  that  the  quarry- 
sections  should  afford  such  opportune  exposures. 

Fm-ther  evidence  that  the  {Xibbly  loam  must  bo  regarded  as  a 
local  variety  of  the  boulder-clay  of  the  great  ice-sheet  is  afforded 
by  the  fsuct  that  on  the  rismg  ground  south  of  Uttoxeter, 
opposite  to  the  great  bend  in  the  J)ove  Valley,  where  the  river 
swerves  from  a  southerly  to  an  easterly  course,  the  pebbly  loam 
is  suddenly  replaced  by  a  true  till  in  wliir-h  large  suhaniridar 
striated  boulders  of  ('arhoiDlerous  LimosKHio,  toadstouc,  and 
other  rocks  are  abundant.  This  nialorial  evidently  indicates  the 
path  taken  by  the  stream  of  ice  which  has  descended  the  valley 
of  the  Dove;  and  Mb.  Lahplugh  urges  that  its  local  develop- 
ment in  rdation  to  the  more  prevalent  type  of  pebbly  diif^  teUs 
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Strongly  in  favour  of  tho  land-ice  as  opposed  to  the  maiine  theory  (Mr.  Lamp-  • 
of  tlio  origin  of  iheiso  drills. 

The  absence  from  the  greater  part  of  the  area  examined  of  the 
lar^e  boulders  of  Lake  District  and  other  fiir-travelled  rocks, 
which  are  so  abundant  in  the  countiy  a  few  miles  further  to  the 
westward  ami  north-westward,  is  very  noticwiblc,  esjKJcially  as 
the  main  ice-flow  has  been  from  that  direction.  If  is  probable 
tliat  the  lower  lavers  of  the  western  ice-sheet  in  whicii  tiicse 
boulders  were  luuiiily  lodged  were  arrested  bv  the  steep  Bimter 
Mcarpniont,  and  thM  the  cleaner  upper  ^art  of  the  mass, 
formed  from  the  snowfiiU  on  the  sur&ce  oi  the  ice-shoet,  moving 
as  an  upper  current  over  the  lower  part»  ovemKle  this  district. 
By  this  cansc.  also,  wc  may  cxplam  the  production  of  the 
drift-plateaux  on  the  tops  of  the  pre  exist  riducs.  These 
drifts  seem  io  have  Ihm  u  formed  near  the  pt  riphcrul  marLrin  of 
the  westurii  ico-tields  and  close  to  tlicir  counueuce  wiih  tlio 
eastern  ice  which  brought  the  chalky  drift  into  and  across  the 
main  valley  of  the  Trent  above  its  junction  with  the  Dove. 

Immediately  to  the  eastward  of  the  Dove  between  Roccster 
and  Uttoxeter,  and  also  on  the  ridij^es  due  south  of  Tttoxetcr, 
grey  flints  from  the  chalk  occur  ratiier  plentifully  in  the  glacial 
gravels,  and  are  present  in  diminished  numbers  at  lower  levels  in 
the  gravels  of  similar  £^c  which  extend  westward  from  Uttoxeter 
to  Biamshall,  while  scattered  fragments  of  the  same  material 
were  observ^ed  in  thi>  drift  to  the  west  and  north  of  Stramshall 
two  miles  X.X.W.  of  Uttoxeter,  but  w^ere  not  found  farther 
to  tlie  northward  or  westward.  The  dispersal  of  these  flints  has 
probably  been  etfected  by  th©  floods  from  the  western  margin  of 
tho  eastern  ice;  and  when  the  drifts  of  the  country  to  tho 
southward  and  eastward  of  tho  present  area  have  been  surveyed, 
it  should  be  found  possible  to  map  out  with  considerable 
accuracy  the  limits  of  Uie  ice-flows  from  the  opposite  sides  of 
England. 

In  the  liigher  reaches  of  the  drainage  basin  of  the  Dove,  north 
of  Asldiourne,  the  comp<:)sition  of  the  drift  is  totally  ditVerent 
from  that  of  the  area  above  described,  for  it  is  njade  up  almost 
entirely  of  extremely  well-glaciated  Carboniferous  Limestone  debris. 
These  strongly-marked  &cal  variations  in  the  character  of  the 
glacial  deposits  of  conti^ous  districts  not  only  negative  the 
theory  of  tlie  marine  origin  of  the  drifts  of  the  Midlands,  but  also 
aftbrd  presnni|>tive  evidence  that  tlity  have  all  been  formed  at 
about  the  s  niif  period,  and  by  a  single  glaciation;  and  not.  as 
sometimes  supposed,  by  several  periods  of  glaciation  separated 
by  raild  uitervals. 

In  the  Keuper  Marl  district  the  glacial  gravels  are  of  some 
economic  importance,  since,  being  made  up  so  largely  of  quart/ite 
pebbles  from  the  Bunter,  they  make  useful  road-metal  and  attorrt 
the  only  local  supply  of  such  material.  The  sands  associated 
with  the  gravels  are,  similarly,  the  only  local  source  of  this 
substance  for  use  in  building.  These  gravels  anil  sands  are 
curiously  sporadic  in  their  distribution,  occturing  in  small  patches 
here  ana  there  on  the  highest  ground,  especially  at  the  ends  of 
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(Mr,  Lamp-  hilly  ridi^.  s.  as  well  as  in  iiTCtrnlnr  liaiiks  in  the  valleys.  Hence 
l»»gh.)         a  caretui  survey  of  the  whole  area  is  necessary  in  raappimj  them. 

Their  composition  and  mocle  of  occurrence  show  that  tney  are 
prt  and  parcel  of  the  general  drift  of  the  coimtry,  representing, 
in  £act,  the  material  of  the  pehbly  loam  assorted  iy  the  action  of 
running  water, 

Lml  Mr^^*^"  Ovrr  the  area  of  the  North  Static rdsh ire  f  onl-field  the  drifts 
Wedd.)  liavc  heen  mapped  hy  Mr.  (iIHS(>.\,  while  t»»  ilie  west  '>f  it  these 
deposits  have  been  sui-veyed  by  Mr.  Wedd.  AccortUng  to  ilie 
latter  observer,  a  line  drawn  from  Madeley  on  the  north-east  to 
Market  Drayton  on  the  south-west  roughly  divides  the  district 
into  a  drift-covered  area  on  the  north-west  side,  and  an  almost 
drift  less  area  on  the  south-east.  The  drift  sweeps  .sonth-eastwards 
from  thv  Cheshire  plain  for  some  distance  up  the  danks  of  the 
sandstone  hills,  ami  enters  the  valleys  whieli  open  to  the  north- 
west. The  Slime  divisional  line  has  been  found  by  Mr.  Gibson 
to  continue  north-eastward  to  near  Audley,  between  drift-covered 
groimd  to  the  west  and  driftless  or  in  urly  driftless  ^o^imd  to  the 
east.  The  <lrittless  portion  is  triangular  in  .shape,  the  apex  lying 
towards  Audlev,  The  east  and  west  '^i*l'  S  of  tlir  tri-iii^'le  eoincide 
with  the  lines  of  the  Bullliiu'st  Large  Fault  jinJ  A]K(lalt'  Fault, 
while  the  inlciiur  forms  the  highest  ground  to  the  west  of  the 
Potteries,  liound  Pipegate  the  Trias  eomes  elose  to  the  sm^face, 
or  so  close  to  it  as  to  show  the  thinness  of  the  drift  thereabouts. 

In  the  drift-covered  area  around  Woore  and  Bellaport  Mr. 
Wedd  tinds  a  tumultuous  assemblage  of  mounds  and  hdloeks  of 
sfiiid  *>r  elav,  of  cl.'tv  oftppHl  with  sand,  or  of  sand  capped  with 
cl.ty.  l  it'  K.  licvi's  thai  tlir  majority  of  sMrli  liillcrks,  and  esprcially 
wlien  large  or  isolated,  are  in  part  or  entirely  (  i»iu|x>sed  of  sand. 
About  Pipe' 'ate,  Woore,  Madeley,  and  Betley  huge  areas  of  con- 
tinuous sand  occur,  while  in  other  parts  where  san^  is  abundant  it 
is  found  on  the  surface  onl\  in  natches  cropping  oiit  from  under, 
or  flanking,  or  capping  hilloeks.  as  in  the  neiirhbourhood  of 
Bellaport.  Two  good  examples  of  Ijasins  surrounded  with 
drift -sand  are  to  be  .seen  in  Betiey  Mere  and  CracMocks  Moss, 
the  former  being  a  sheet  of  water  lying  in  peat,  and  tlie  latter 
a  peat  bo^. 

with  the  exception  of  small  isolated  patches  of  drift-sand  and 
clay  at  Keele  (575  above  O.D.)  and  Aeton,  Mr,  Gibson  finds  the 
areji  to  the  east  of  the  divisional  line  as  far  as  the  Trent  Valley 
almost,  if  not  entirelv.  free  nf  <lnft,  except  in  the  valleys.  Drift- 
el^^v  with  many  erratics  is  f(»iui(l  in  the  vallcv  <»f  tlie  L>ane,  while 
both  elay  and  .sjiud  appear  in  the  Trent  Valley  around  Stoke-on- 
Trent  and  Bucknall. 

It  is  notieeahle  that  large  boulders  are  more  numerous  in 
areas  where  drift-sands  ami  clay  are  feel»ly  developed,  A  large 
number  ef  spjeimens  of  these  boulders  has  been  eollerted  with 
a  view  to  such  a  careful  examination  of  thetn  as  might  indicate 
their  .sources  of  derivation,  and  tlius  throw  light  on  the 
movements  of  the  ice  over  tlie  uortli  and  centre  of  England. 
This  collection  of  samples  from  the  boulders  has  been  studied  by 
Mr  Harker,  who  is  well  acquainted  with  the  rocks  of  the  Lake 
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District  and  the  nonliuni  counties.  lio  riiuls  lliat  tboni^h  there  (Mr.UarkecB 
-are  iJiauy  boiildcrs  as  to  the  origin  of  which  no  detiuite  ouiuion 
•can  be  expressed,  a  considerable  number  may  be  assigned  with 
certainty,  or  with  varying  degrees  of  prol>abihty,  to  the  Lake 
pistrict  of  Cumberland.  These  inchide: — Eskdale  granite  in. 
its  vnrions  phase*:,  distrihiitod  nnifonnly  over  the  region ; 
Eulterniere  granophvre,  boulders  ot"  wliicli  nrc  also  widely  and 
genendly  distrihnte«f :  a  ro<  k  with  aiit  uhu-  crvstals  ot'  augite 
-closely  rescuibUng  a  eerl^iin  local  moditiuiiiun  of  the  Carrock 
rock,  common  in  the  Hanchurch,  Whitmore,  and  Willonghbridge 
distii<  ts;  with  less  confidence,  a  rock  very  like  piirts  of  the 
Skiddaw  granite,  and  another  containing  garnets  which  recalls 
the  Threlkcld  or  St.  John's  mass.  If  these  identitii  atioiis  he 
sustained,  cxainplts  from  all  the  principal  intrusive  iiuussos  ot 
the  Lake  l)istri(  t  are  represented  among  the  houMrrs  of  North 
Statibrdshire.  The  Borrowdale  volcanic  series  is  likewise  well 
represented,  but  chiefly  by  blocks  from  the  fra«^mental  rocks  of 
the  central  mountains.  The  samples  inchide  breccias  with 
anirular  fragments  of  pink  rhyolite  and  scattered  garnets;  banded 
fine  turt's,  and  various  other  tufls.  Boulders  of  llieso  materials  are 
uniformly  distributed  over  the  area.  The  lavas  appear  to  he 
less  commonly  represented,  but  one  or  two  of  the  sjKJcnaens  may 
be  andesites  from  the  Lake  District,  and  there  are  also  some 
characteristic  examples  of  the  basic  lavas  of  Borrowdale  including 
basalts  with  porphyritic  augites,  streaky  gametiferous  rocks, 
metaraornhosed  omygdaloidal  basalts,  the  amygdules  occupied 
hy  hornblende,  pyrites,  quartz,  etc.;  pink  laminated  and  streaky 
rocks  sometimes  brecciated  aud  resembling  the  Westmorland 
rhyolites. 

Kocks  from  South  Scotland  are  well  represented  on  the  hi^h 
ground  roimd  Keele,  Maer  and  Hanchurch.  Mr.  Harker  remarks 

thiit  those  closely  resemble  the  hornblende-bearing  granites  and 

tonalites  of  Galloway.  As  far  as  the  evidence  goes  pieces  frora 
these  Scottish  rocks  are  less  abundant  on  the  CMieshire  plain 
round  Madeley,  while  Lake  District  rocks  are  there  more 
abundant. 

Rocks  from  Wales  are  probably  represented  by  some  compact 
felsitic  boulders  with  white  crust  and  evident  flow-structures, 

sometimes  containing  blebs  of  quartz  and  corresponding  very  well 
with  the  rhyolitic  lavas  of  Arenig.  A  gi'it  resembling  closely  the 
unif[ue  rock  r>f  Tnglet<»n  is  among  a  curious  eolloetion  of  largo 
boulders  neur  Shelton-nnder-Harley.  Other  grits  are  represcrited 
which,  though  po.ssibly  of  Lake  District  origin,  can  be  matched 
from  the  Carboniferous  system  in  various  localities. 

The  occurrence  of  frttcments  of  marine  shells  in  the  drift  of  (Mr.  Wed*!.) 
North  Staffordshire  has  oeen  knowi  for  some  time.  Last  year, 
however,  Mr.  VVedd  succeeded  in  obtaining  these  fossils  from  a 
number  of  new  localities,  and  not  only  from  the  sanrls  ajid 
gravels,  hut  also  from  the  boulder-clay  at  Dorrington  and  1  Jetton. 
Many  of  his  specimens  are  in  a  suHiciently  good  state  of 

£ reservation  to  he  determined.  They  have  been  examined  by 
[r.  Clement  Beid,  who  recognises  among  them  BcUamis, 

20i6  h  2 


Digitized  by  Google 


164  FIELD-WORK. 

* 

TurriifHa  (rirhni  (commnn  is)*  Trophon?,  Astarte  sulcata  f 
C'l  rdi^'  in  edule*  Cardimn  sp,  Cyprina*  Mya*  Mytilu9,  TeUinO' 

ballJiuo.* 

fi^^*^     Oa  the  oust  side  of  the  North  Staffordshire  coalfield  Mr. 

Barrow  has  obtained  good  ioe-8tri»,  pointing  from  X.N.W.  ta 
S.S.E.,  a  direction  wliich  a^eos  with  the  general  trend  of  the  ■ 
transport  of  erratics  in  the  Leek  district.    He  has  met  with 
three  examples  of  ice  worn  pavements  of  c^n-it  nnder  drift,  but  tho- 
direction  of  tho  stiiation  on  these  was  not  sat isfadorily  preserved.. 
Tlie  drift  is  thick  on  liie  tup  <tt"  the  watersheiLs,  and  thins  away 
rapidly  towards  the  valleys.    There  is  none  on  slopes  of  Bimter 
Sandstone  oven  when  these  are  gentle,  and  never  much  upon 
slopes  of  Carboniferous  grits.    Strata  that  throw  out  water  seem 
to  rid  themselves  of  tlie  (bift  with  comparative  rajndity,  whiler 
on  the  other  hand  the  drift  tends  to  cling  to  the  more  impervious- 
shales. 


South  Wales. 

'Messrf*.  Ill  the  Ammal  Si')nmary  for  1897  an  iiubi  ation  Mas  !:;ivcrr 

^trahan,  q(  ^\^^.  <r,jneral  course  of  tho  ice-flow  soutliward.s  from  tlie^ 
andCantriil.)  Brecknock  water-parting.  It  was  there  pointed  out  that  a  great 
split  of  the  ice-sheet  was  effected  by  tho  tennant  scarp,  a  portion 
ot  the  flow  passing  south-eastward  dbwn  the  Merth3n*and  Aherdare- 
Valleys,  while  the  remainder  travcllt  d  south-westward  down  tho 
Vales  of  Xeatb  and  Swan.sea.  Furtlicr  examination  during  last 
year  has  shown  that  this  south-westerly  flow  was  even- 
larger  than  was  expected,  for  it  not  only  readied  the  s«i  in 
Swansea  Buy,  l)ut  over-rode  many  of  the  hills  along  the  coast, 
and  rose  to  a  great  height  on  the  water-parting  between  the  two^ 
vales.  Those  statements  are  founded  not  only  on  the  ascertained 
distribution  of  the  boulders  from  the  north  side  of  the  Carlwni- 
ferous  area,  but  on  the  discovery  of  a  largo  mmiber  of  glaciated 
rock-surfaces.  The  survey  of  the  superticial  deposits  of  tho- 
whole  reorjon  is  carn(Ml  on  by  Messrs.  Sth.aiian,  Tiddeman, 
GiiJsux,  and  C'amhili..  The  ibllowmg  summary  of  last  year's, 
work  has  been  drawn  up  by  Mr.  Strahan. 

The  descriptions  already  given  of  the  Drift  of  East  Glamorgan' 
shire  and  Monmouthshire  mil  apply  e(]ually  to  that  of  the  area 
recently  siin'cvcd.  At  its  source  it  is  composed  of  Old  Red 
S;m(l^t<»iic.  ,ni(l  the  blocks  are  snbaiiLT'ilar :  as  it  pjisses  over  the 
shales  of  the  Mill.slone  Grit  it  liecouies  a  sliH*  clay,  and  picks 
up  vast  numl)ers  of  blocks  of  grit,  while  on  the  Coal-measures 
the  red  tint  gradually  fades  away  and  the  proportion 
of  Coal-measure  Doulders  gradually  increases,  though  Old  Bed' 
Sandstone,  Millstone  Grit,  and  Limestone  continue  to  be  abundant 
right  tbroHfjfli  to  the  sea.  Xear  itssnnree.  nioveover,  it  is^^enornllv 
a  toii_;li  till,  but  triwards  the  .soutii  it  becomes  niore  graveUv.  and 
the  bc^ulders  be(;ome  more  worn  imlil  they  may  nearly  all  be 
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described  as  well-rounded  pebbles.  In  parts  of  the  Vale  of  Neath,  (Messrs. 
"which  was  not  only  one  of  the  main  routes  of  the  ioe-flow, 
<but  also  of  the  water  escaping  from  the  melting  ice,  the  Drift  SdSaSSu. 
^assumes  the  form  of  a  fluviatile  gravel,  not  distinguishable  in 
appearance  from  the  qravel  thrown  down  by  the  present  river. 
Tnc  Glacial  (xravels,  however,  differ  from  the  post-glacial  gravel- 
terraces  in  the  £act  that  they  havo  been  heaped  up  in  nighly 
^characteristic  mounds  and  ridgos,  enclosing  small  peat-hlled 
Ixunns  once  occuuied  by  meres.  It  is  even  tnought  possible  by 
Mr.  Gibson  that  tney  may  once  have  dammed  up  parts  of  the  VaJe 
of  Neath  and  given  rise  to  largo  lakes,  for  in  two  places  at  least 
gravel-ridges  stdl  extend  ri^lit  ;irross  with  the  exception  of  a  narrow 
notch  cut  by  tlie  river.  This  possibly  is  the  origin  of  a  deposit 
-of  sand  wliich  was  found  to  extend  to  a  depth  of  upwaros  ot 
40  feet  in  sinking  the  piers  of  the  nev  railway- bridge  a  mile  above 
BesolTen. 

The  soiu-ce  and  limits  of  a  number  of  local  ice-flows,  tributary 

to  the  main  Brecknock  sheet,  are  no  less  clear  than  those  of  the 
main  sheet  itself  The  deep  cwms  drained  by  Rheola  and  other 
neighbouring  brooks,  and  by  Crynant  Brook  in  the  Dulai.^ 
VaUey,  are  all  occupied  in  their  upper  parts  by  great  deposits 
<if  tin,  exposed  to  a  depth  of  60  feet,  and  in  tho  last-named 
-of-more  than  100  feet;  the  till  is  crammed  with  boulders, 
mostly  well  glaciated,  but  all  of  strictly  local  origin,  derived  in 
fact  from  the  clifts  of  the  cwms  themselves.  But  in  their  lower 
parts  the  till  amalgamates  with  Mip  Hrecknoek  material  and 
contains  a  gradually  increiixsing  proportion  of  lx)ulders  from  that 
county.  Seams  of  stratihed  gravel  occur  in  this  till,  but  are  far 
from  common.  No  fragments  of  marine  shells  have  been  seen 
.  hitherto  in  any  of  the  South  Wales  glacial  deposits. 

The  height  to  which  the  Glacial  t)rift  extends  seems  limited 
only  by  tliat  of  the  ground.  Not  only  till  with  glaciated 
boulders,  but  numerous  striated  rock-snrfiiros  liave  been  noted 
by  Mr.  Cantkill  at  heights  ranging  up  to  2,000  feet  on  the  Old 
Red  Sandstone  dip-slopes.  A  little  below  the  summit  of  Fan 
Fraith  a  small  cra^  of  pebbly  grit  is  striated  in  a  direction 
S.  35'  E.,  which  womd  lead  to  the  Vale  of  Neath;  at  tho  foot  of 
Fan  Hir  there  are  stria?  pointing  8.  30-50''  E.  towards  the  Tawe 
Fechan.  Further  west  between  the  Giedd  and  Twiv  li  stiia^  rnn 
parallel  to  those  rivers,  while  on  Fagl  Bengam  they  occur  at 
abuut  2,000  feet  with  a  direction  S.  10^  W. 

Further  south  (i'ant  Mawr)  largo  patches  of  bare  Millstone  Grit 
show  striations  ranging  to  the  S. W.,  but  as  the  ice  came  within  the 
guiding  influence  of  the  Vale  of  Swansea  it  took  a  more  southerly 
course,  and  at  PenwvUt  flowed  directly  down  that  valley  in  a 
direction  S.  2-12'  A^^.  Tlio  Cribarth  ridi^e,  however,  diverted  a 
portion  of  this  tiow,  as  may  bo  seen  by  numerous  beantifnl 
examples  of  rock-faces  and  cornices  horizontally  stnated  in  a 
south-westerly  direction.  In  the  Giedd  and  Gwys  valleys  the  flow 
resumed  its  southerly  course. 

Only  one  example  of  striated  rock  in  place  has  been  observed 
•on  the  north  side  of  the  Brecknock  Water-parting — ^viz.,  at 
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<M«Mn.*  Pont  Gihirych  iti  tho  Crai  Valley.  The  scratches  nin  along  the- 
Strahaii,  Yalloy  in  a  north-o;ist  and  soutn-west  direction,  but  whether  up 
Mid Om^II  )  down  r  nild  not  Ix^  determined.  Evidence  o^tninod  l>v  Mr 
Cantrill  this  ymir,  however,  suggests  the  proK'il)ility  ol  the  ice 
having  cro.ssed  the  uater-mrtiug  from  north  to  .south.  On  the 
sides  of  the  Tawyneu  Valley  he  luus  noted  some  large  blocks  of 
greenish<grey  conglomeratic  oomstone,  the  apparent  source  of 
which  lies  to  the  north-east  of  the  Bwlch  Pen  Rh(kdd»  the  [mss 
connecting  the  Tawvneu  and  Crai  Valleys.  In  the  Upper  part  of 
the  Crai  Valley  also  similar  blocks  occur,  whicli  seom  to  have 
travelled  southwards — that  is.  up  the  valley  -  from  tlieir  outcrop. 

Further  examples  of  small  ridges  of  muruinic  material  have 
been  met  with  in  some  of  the  cwms  and  at  the  foot  of  some  of 
the  precipices.  In  Cwm  Gihirych  an  irregular  mound  of  such 
material  encloses  a  [X3at-tlat,  probably  once  a  small  lake ;  at  the 
foot  of  the  long  straight  escarpment  of  Fan  Hir  there  is  a 
conspicuous  ridge,  three-quarters  of  a  mile  in  length  and  upwards 
of  sixty  feet  in  lieight.  Several  more  or  less  indctiiiite  mounds 
occur  at  various  points  below  Fan  Sir  Gaer.  iwu  of  which  enclose 
lakes — Iilyn  y  Fan  Fawr  and  Llyn  y  Fan  Fach. 

Two  instances  of  diversion  of  rivers  by  drift  from  their  original 
courses  have  b<^en  observed  by  Mr.  Cantrill.  For  example,  the 
Byfre  seems  originally  to  have  flowed  uninterruptedly  from  its 
source  on  Fnn  Ciliir\  i  }i  to  the  Tawo  hv  wav  of  S^ant  Bvfre,  but 
havincf  been  cliolvcd  willi  drit't  aliont  lialf  wav  alonij  its  course,  it 
now  di.si})i>eai"s  down  the  swallow-holo  known  as  Pwll  Byfre, 
re-Issuing  trom  the  cavern  of  Ffynnon  Du,  a  iiule  and  a  quarter 
below  Nant  Byfre. 

Within  the  limits  of  the  Coal-iield  strijc  have  been  noted  on  Ilir 
Fynydd,  the  water-jmrting  between  the  Neath  and  Dulais  Valleys, . 
at  li«'iL;hts  of  1,400  and  OSO  foot,  and  on  Kesolven  Mountain,  by 
Mk.  GiRsoN,  at  more  tlian  1,000  foot    n«'rirer  Neath  they  occur 
on  both  sides  ol  litc  Nciilh  Valley  in  a  jxisition  which  indicates 
that  that  deep  depression  was  tilled  with  ice,  probably  to  over- 
flowing, while  the  litll  of  Coed  yr  larll.  and  otners  near  Briton 
Ferry,  display  so  many  glaciated  .surf;u  cs  as  to  show  that  they 
were  completely  overridcien.  Boulders  of  Millstone  Grit,  moreover, . 
sr^tterod  over  high  ground  indicate  that  tho  ice  extended  fm-ther 
tlian  Qiui  be  proved  by  the  accidental  presoi  vatitui  of  striated 
rock-surfaces.  The  water-jwrting  Ijetween  the  Dulais  and  Swansea 
Vale  seems  to  have  been  overridden  also,  at  least  in  its  lower 
parts,  for  there  is  a  large  area  of  glaciated  rock  on  its  crest 
(nearly  1200  f< .  t  al>ovo  the  .sea),  at  the  northern  foot  of 
Mynydd  March   Hywel,  the  strije  ranging  W.  30*^-35"  S.,  as 
th<^ngh  tho  ice  had  overflowed  from  the  Dulais  into  the  Tawc  at 
this  point.    ImsI  year  similar  evidence  wns  obtained  of  the  ice 
having  oyertlowed  from  the  Vale  of  Ne^ith  into  I'ton  h  Dwm,  and 
•  some  strise,  noted  by  Mit.  Gibsox  in  the  stream  at  llendre  Owen- 
&ch  as  having  the  unusual  direction  of  N.W.-S.E.,  may  be  due  to 
some  such  local  overflow.    Near  this  spot  he  observed  aUo 
a   beautifully  i,daciat©d  boulder  of  Pennant  measuring  14- 
feet  X  9  feet  X  3  foot. 
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A  good  example  of  a  lai-ge  transported  mass  of  Millstone  Grit  (M^sm 
oceuzs  on  the  Neath  and  Brecon  Railway  two  miles  south  ^-JJ^^man 
Penwyllt.  The  cuttii!.r  intersects  a  small  Init  (  (inspicuons  conical 
eminence  on  the  hill-side,  and  shows  that  it  consists  of  slightly 
broken  Millstone  Grit  in  the  npiw  part  and  of  till  crowded  with 
well-L^lai-iatt'd  !)lorks  df  Old  l{«  d  Sandstone,  Millstone  Grit,  and 
limestone  in  the  lower  jxai.  This  is  the  third  example  met 
■with  in  South  Wales,  the  othei*s  being  the  mass  of  erit 
exposed  in  the  Sirhowy  reservoir  and  the  crag  in  the  Rhondda' 
fihch  Valley  known  as  CastoU  Xos.  The  last-named,  however,  is  of 
uncertain  origin. 

In  the  Vale  of  Glainor'jnn.  to  the  south  of  the  Coal-tield, 
Mr.  Canthill  tind-^  cliaracteristic  mounds  and  hollows  of 
gravelly  drift  east  uf  Welsh  St.  Donals,  and  in  the  valley  of  the 
Bawen  as  far  south  as  Cowbridge.  The  boulders  are  cKiefly  of 
Coal  Measure  origin,  but  a  few  of  Old  Red  Sandstone  occur. 
Two  small  outliers  of  fine  gravel  and  sand  near  St  Mary  Church 
contain  also  nimierous  suh-angidar  fragments  of  flint. 

Mr,  TrDDEMAN  in  the  adjoining  area  to  the  west  has  inapjM'd  a 
patch  of  Boulder-cluy  ahout  a  stpiare  mile  in  cxtfnl  south  ot 
Kentig  Pool,  and  others  both  clayin-  and  gravelly  in  the  valley 
traversed  by  the  Great  Western  Railway  between  Stormy  and 
Pyle.  Another  natch  in  the  Ewennv  valley,  and  extending 
towards  that  of  tne  Ogmore,  consists  of  reddish  clay  with  small 
stones;  the  greater  jmit  of  the  hoiddei*s  are  Pennant  rock,  but 
yellow  partly-ro]1i  (l  tlint«;  arc  not  unconnnon.  The  clays  wlicn 
most  free  from  stones  have  been  much  used  for  making  pots, 
and  are  reported  to  have  been  worked  irom  Komau  times. 

The  clay  is  covered  T\'ith  gravels  which  have  a  more  or  less  flat 
surface,  and  which  arc  not  easily  distinguishedfrom  river^ravels. 
It  is  thought  by  Mr,  Tiddem.ax  that  if  they  wore  of  glacial  age 
and  had  the  moimdy  outline  which  characterises  the  gravels  near 
Llanilid,  they  nuist  have  been  snhsoqnently  levelled  l)y  either 
river  or  sea.  The  latter  supposition  would  imply  a  suhujergencc 
in  this  district  of  50  to  100  teet,  of  which  no  sutiieient  evidence 
has  yet  been  forthcoming. 


Isle  of  Han. 

Though  the  Geological  Survey  of  the  Isle  of  Man  has  been  (Mr.  Laap* 
completed,  important  information   has  recently  l)een  received '"^^^ 
regarding  the  latest  (Xu.  (i)  of  the  series  of  deep  borings  made  in 
the  north  of  the  Isle  of  Man,  which  has  revealed  some  points  of 
exceptional  interest  in  relation  to  the  drifts  of  the  island.  This 
boring,  the  site  of  which  is  near  the  Point  of  A)  re  Lighthou.se, 
only  a  few  t<feet  above  high-water  mark,  was  sunk  to  a  dc})th  of 
920  feet  to  prove  the  extent  of  the  stdiferous  Kcin^er  Marls  which 
had  l>e(  !i  discovered  in  a  previous  boring.    The  (llaeial  series  wa.s 
found  to  be  of  unusual  tbiekness.  apparently  descending  to 
between  470  and  500  feet  below  sea-level.    To  the  courtesy  of 
Hb.  J.  ToDi),  imder  whose  supervision  the  difficult  task  of 
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r.  I4unp-  carrying  the  boring  tlirough  the  drifts  was  successfully  accom- 

plisned,  wo  arc  indebted  for  a  set  of  sixxiniens  from  various 
aeptlis.  wliicli  linv«»  V)eon  w;ished,  siftotl,  and  examined. 

rho  t'ollowini,'-  \s  a  coniicnsod  account  of  tlio  section  based  on 
this  examination,  and  ou  the  details  supplied  by  Mil.  Todd  : — 

Shiii{j:le :  Uaised  bca.  li  -      -      -      -  -    16  feet. 

iSand  and  pavel :  partly  of  waiine  origin,  but  re-anauginl 

by  irhwial  agencies     -      -      -      •      -      -  -1)7,, 
Stony  sandy  clay^  with  beds  of  warp,  tfec,  like  tliat  of 

the  cliff'  s(<  ttr)Ti8=: boulder-clay  aeriea^  incorporating 


marine  niulerial         -  102  „ 

Muddy  sand,  silt  and  gravel,  full  of  shells^  one  seam 

containing  i  liiefly  RhiiiK-li  Du  psiitarea ;  many  of 
the  pebbles  coatctl  with  iiullii»ura,  ttc.  =  a  marine 

deiwsit  -      -25  „ 

Beddi.sn  sand  and  gravel,  largily  made  up  from  the 


washing  of  tlie  TriaiMic  rock^  of  the  viuiuity ;  with 
only  a  few  much-worn  shell  fragments.  A  boulder 

8  inche.s  in  diameter  passed  through  near  llu-  base  -  123  „ 
Red  stony  clay,  coninosed  of  criishe<l  Kenpcr  Marl,  with 

a  few  far-travelle<l  stones  =  Lower  Houlder-clay  -  65  „ 
Reconstructed  red  nuirl,  with  a  few  subangular  erratic 

luMiltH  2.')  feet  above  base  —  glaciated  top  of 

KcuiH-r  Marl  ?     -       -       -      -      -      -      -      -    70  „ 

Kenpcr  Marl,  disturbed  in  the  upper  part,  with  many 

bands  of  salt  below  eoo  feet      -      -      -      -      -  i» 

To  bottom      >     •      •  920  feet 

Tlie  new  points  bronglit  out  by  tliis  section  arc  the  depth  to 
which  the  glacial  material  di'sccnds  below  sea- level;  the  presence 
of  a  lorn!  bnukler-elny  nii(b'rlyiri^  the  strntitii'd  drifts,  made  up 
aliiiosi  ciitirrly  of  riiatnial  derived  from  the  subiaeent  rock;  and 
the  exihU  nee  between  boulder-clays  of  a  thick  band  having  nil 
the  characteristics  of  a  true  sea  l>ottom,  diliciing  from  anything 
recognised  in  the  former  boring  sections. 

\\  hetber  the  shelly  dt  losii  represents  a  true  marine  horizon 
in  the  glacial  series,  or  is  a  large  transported  remnant  of  the 
early  glacial  sea-bottom,  cannot,  of  course,  from  the  nnturc  of 
the  evidenf'c  be  definitely  deci(ied.  At  the  base  of  the  series  it 
is  also  diliicult  to  determine  exactly  the  limits  of  the  drift  ,  as 
masses  of  marl  seem  to  be  intercalated  with  bands  in  whicli 
extraneous  pebbles  have  been  mingled  with  crushed  marl 


Isle  of  Axran. 

(Mr.  Gnon.)  Tlic  survey  of  the  northern  half  of  Arran  has  brought  to 
light  many  proofs  that  this  island  was  glaciated  by  the  vast 
mass  of  ice  wliich  moved  southwards  in  the  basin  ot  the  Firth 
of  Clyde.  In  the  north-west  part  of  the  island  Mr.  Gunn  has 
met  with  numerous  striated  rock- surfaces  in  which  the  j^neral 
trend  of  the  stri»  is  towards  8.  10*' — 20*^  W.  A  particularly 
tine  example  of  a  grooved  and  ixjlished  surface  of  schist  may  be 
seen  by  the  roadside  immediately  south  of  Whitefarland. 
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To  the  east  of  Auolieucar  nuuieioiis  ridges  of  boidder-clay,  or  (Mr.  Gann.) 
dmmlms,  run  in  the  general  direction  of  the  great  gUdation. 
Relics  of  a  later  and  more  local  glaciation  ;iIso  occur  in  nearly 
.all  the  valleys  in  the  shape  of  moraines.  They  are  ocHlSpicuous 
in  the  valleys  at  the  head  of  the  north  Sannox  stream,  on  the 
north  side  of  (  ustlo  Ahhail. 

In  the  vallev  of  the  Maeliiie  Water  about  Monvquil  and 
Glaister,  and  also  up  the  Mai  hrie  Burn,  mounds  of  detritus 
-occur  which  at  a  distance  might  be  mistaken  for  moraines,  but 
which  when  closely  examined  are  found  to  consist  of  washed  sand 
and  gravel  They  are  therefore  more  of  the  nature  of  eskers  or 
kames. 

ArgyUshire. 

The  glaciation  of  the  Oban  district  has  been  further  examined  Oban  district, 
by  Mr.  Syhes.   The  general  direction  in  which,  as  shown  by  the  Sy*"«^) 

stri*  on  the  rocks,  the  ice  has  here  moved  has  been  from  east  to 
west,  but  every  glen,  valley,  and  riord  has  a  (li>tinct  local  glaciation. 
Thus,  while  the  irlen  at  Kilninver,  eiglit  miles  south  of  Oban, 
trends  in  a  direction  towards  N.  27"  W.,and  has  its  strire  directed 
to  the  same  quarter,  on  the  south  side  of  the  watershed,  where 
the  drainage  mto  Melfort  Loch  runs  in  a  southerly  direction,  the 
ice  stri» point  to  S.  20*^  W.  All  the  minor  strite  then  gradually 
curve  westward  into  the  general  glaciation  as  they  approach  the 
seaboard. 

Tho  boulder  clay  extends  over  the  district  as  a  thin  deposit 
crowdetl  with  huge  erratic  blocks  transfwrted  from  the  cast,  but 
it  attains  a  considerable  thickness  in  the  glens,  where  it  has  been 
subsequently  eroded  by  streams,  and  its  detritus  has  been 
re-ananged  in  gravel  terraces.  Some  conspicuous  examples  of 
such  ten-aces  ma}'  bo  observed  along  the  north  shore  ot  Loch 
Scamadale,  nine  niil(»s  south-south-east  of  Oban.  They  are 
composed  of  stratified  sands  an<l  gravels,  and  rise  10  and  feet 
above  the  loch,  which  is  221  tect  above  sea-level.  They  conlinuc 
alonff  the  valley  below  the  lake  as  fiur  as  Euchar  Bridge,  sinking 
gently  with  the  general  slope  of  the  river.  Associated  with  these 
terraces  are  more  recent  gravel  deposits  formed  out  of  the  terraces 
by  the  action  of  the  stream. 

Further  eastward  in  the  rnotintainous  rlistriet,  of  which  Ben  Loch  Awe 
Cniachan  is  the  most,  eonspicuous  feature,  tlu;  mapping  of  the 
glacial  deposits  has  Ijcen  julvanced  by  Mr.  Kvnastox,  who  has  Kynaiton.)'' 
met  with  a  continuance  of  the  same  general  features  as  have 
already  been  described  in  former  Reports,  In  the  {>art  of  the 
area  near  Dalmally  a  large  portion  of  the  more  low-lying  ground 
is  covered  with  tnick  accumulations  of  moraine-drift  from  the 
coales(  enee  of  the  large  glaciers  that  flowed  down  Glen  Orchy 
and  Glen  Lochy. 

The  Glen  Etive  area  iumishes  i'urlher  ample  evidence  of  the 
later  valley  glaciers  in  the  form  of  mominic  material  The  River 
Etive  and  its  tributaries,  however,  have  now  eroded  their  channels, 
sometimes  deeply  into  the  underlying  rock,  while  the  morainic 
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Loch  Awe  material  has  been  to  a  groat  extent  rearranged  and  transported 
iipi  Loch  to  lower  levela  The  unusually  largo  size  of  inanv  of  the  detrital 
Kynastott  fans  at  the  mouths  of  the  burns  (*».</.,  alonij  the  shore  of  the  um^r 
part  of  Loch  Ktivt;).  and  the  coarseness  of  the  mat •  rial  of  winch 
th<'vmnsj«t.  ar«'  very  strikiniii'.  Hut  this  is  ptMliaps  not  surprisuig 
when  we  coiisiUer  the  i^rofit  eapacitv  for  the  laeaking-down  and 
transportation  of  material  possessed  by  the  torrcntii  during  tioocl- 
time,and  the  enormous  Quantity  of  more  or  less  loose  material  at 
their  dis|xj.sfil.  The  work  of  these  mountain-streams,  moieover, 
is  largely  assisttid  by  small  tributaries,  which  run  over  bare  rock 
pitchinq^  at  a  liiudi  angle.  Down  these,  and  down  tli»^  numerous 
"  scret*  uulli'  >.  and  "  stone-shoots  "  linini,'  the  mountain-sides,  the 
water  is  poured  in  torrential  ca.seudus  during  times  of  heavy  rain- 
fall, piLshiug  on  and  piling  up  enormous  l>oulders  as  thougli  they 
were  small  pebbles. 

In  coimection  with  the  effects  of  running  water  on  the  glacial 
deposits  of  this  region.  }^\h.  Kyxastox  has  reported  his  observa- 
tions on  recent  r-hanq-es  of  the  river  coin*sps,  to  wlvidi  reference 
may  l)e  most  conveniently  made  here.  He  n*)trs  an  alteration  in 
the  chaimels  of  such  rivei*s  as  the  Etive,  the  Kinglass,  and  the 
Orchy,  which  is  constantly  gomg  on  fi'on\  year  to  year,  where 
they  come  out  into  the  lower  and  vtidev  portions  of  the  ^"alleys. 
The  amount  of  this  alteration  can  bo  appreciated  by  carefully 
comparing  the  six-inch  Ordnance  maps,  published  more  thsit 
thirty  years  ago,  with  tlio  ]>rescnt  cf)tirsi'  of  the  rivers  and 
distribution  of  the  alluvial  plains.  Tcniices  and  alluvial  tmcts 
are  seen  to  have  been  extensively  cut  away  in  some  places,  while 
fresh  alluvium  is  being  laid  down  in  othei-s.  Tlie  cutting  awav 
of  terraces,  &c.,  is  naturally  greatest  at  the  convex  side  of  a  bend^ 
and  is  doubtless  due  to  the  increased  erosive  and  transporting 
power  posses.sed  by  the  river  during  flood-time,  when  this  action 
may  actually  be  observed.  Such  rivers  as  these  rise  rn]>idly, 
owing  to  the  rapidity  with  which  their  tributarie  s  trum  tho 
smTounding  high  gi'ouud  carry  ot^'  tho  water  Irom  a  large  area, 
hence  they  become  exceedin^jh*  powerful  agents  of  denudation 
dmring  heavy  rainfiiU.  Wliile  mapping  the  alluvium  near 
tho  uiouth  <»f  the  Etive,  Mr.  Kyxastox  ascertained  that  the 
bank  of  the  river  along  the  outer  side  of  a  bend  had  been  cut 
away  at  the  rate  of  a  foot  or  more  per  annum. 
LochEU  During  the  past  year  Mil.  Gkaxt-Witjsox  was  able  to  complete 

Dtotitet.(Mr.  the  mapping  of  the  chief  portion  ol  the  drift  deposits  within  the 
WUsoo.)  basin  of  Loch  EiL  These  are  entirely  comiK)sed  of  moraiuic 
materials,  and  both  from  the  size  of  the  moraines,  the  manner  in 
which  they  are  grouped,  and  the  extent  of  ground  over  which  they 
are  distributed,  they  point  to  the  movement  of  a  large  sheet  of  ico 
from  the  west.  The  stria-  in  the  basin  of  Lorh  Eil  point  towards 
E.S.E.*  and  .show  the  ilirection  of  tlic  ice-flow.  On  the  north 
side  of  the  loch  tho  moraines  are  found  up  to  a  height  of  2,256 
feet  on  the  Druim  Fada  Hills,  and  pass  over  the  watershed  into 
Glen  Ley.   On  the  south  side  they  do  not  reach  above  1,750  feet» 

*Sumtnafy  of  Proffref$  for  1897,  p.  146. 
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but  they  pass  over  the  iiitcrvoiiiiig       iutu  the  vulluy  of  Strono-  Loch  EU 
creggiin.    Viewed  from  a  distance  these  drift  deposits  on  both  I>wtrici.  (Mr. 
sides  of  Loch  EU  i^xbibit  lines  of  terraces  on  a  large  scale.  \vikun.) 

With  the  exception  of  a  few  knoHs  of  rock  the  whole  of  the 
low  ground  between  Banavie  and  the  rivers  Spean  and  Lochy  is 
occupied  with  moraine  drift,  and  tliis  deposit  covers  the  lower 
slopes  of  Ben  Nevis  up  to  a  height  of  1,500  feet. 

Thogrea{<'i-  number  of  these  moraine  mounds  are  composed  of 
fine  material.  Tlius,  three  miles  fi  nni  Spean  Bridj^'o,  tlie  face  of 
a  Uirjre  ballast  l»ank  on  the  railway  siiows  20  fvH  f»f  false  hcddod 
sand  and  gi'avel  resting  on  70  feet  of  hue  gravelly  Uiuraine 
detritus.  A  mile  further  south  and  opposite  the  Creag  Aoile  a 
section  may  be  seen  of  about  100  ieet  of  fine  sharp  sand 
witli  glacial  silt-bands  and  traces  of  fragments  of  decomposing 
shells. 

The  wide  extent  and  great  dfptli  of  these  moraines  prove 
how  larire  must  have  hcon  the  bodv  of  ice  that  moved  down 
upon  this  low  triouiid  from  the  west  of  Loch  Eil,  Loch  Arkaiij, 
and  Glen  Albyu.  If  the  valleys  to  the  south  and  east  were  at 
the  same  tune  free  from  ice  in  their  lower  reaches,  the  northern 
ioe  might  have  dammed  back  the  waters  of  the  eastern  glons  in 
the  nianiK  r  stipi)osed  bv  Mr.  Jamirson  in  explanation  of  the 
• "  Parallel  Heads  of  Glen  Spean. 

From  Blairour  to  the  Falls  of  Mucomir,  on  both  sides  of  the 
River  Sj)ean,  numerous  fra|^ments  of  high-level  terraces  are  to 
be  seen.  A  cnttiTujf  rm  the  Port  Auiru*^t!is  railwav  passes  thr"T]i;li 
one  of  these  ami  shows  20  feet  of  line  bruwn  yiacial  silt  rcsliny: 
upon  blue  silt  with  gi'avel  on  the  top.  These  terraces  rise  up 
to  270  feet  above  sea-level,  and  lie  at  least  100  feet  above  the 
'  present  level  of  the  river.  From  their  position  and  contents 
they  could  not  have  been  deposited  by  the  River  Si^ean.  They 

•  appear  to  have  been  formed  at  the  period  when  the  bottom  of 
Glen  Albyn  was  still  tilled  with  ice  which  ponded  bar  Is  tlu  water 
above.  They  doubtless jx>int  to  n  decreasing  stage  uf  the  glacier 
which  once  filled  the  Great  Glen.  When  this  ice-barrier  from 
the  north  melted,  the  River  Spean  would  have  free  scope  to 
sweep  away  the  glacial  detritus  in  its  path  and  to  begin  the  erosion 
of  the  rocky  gotge  in  which  it  is  now  confined 

Within  the  moraine  area,  which  stretches  from  the  footof  theBen 

•  Nevis  range  to  the  River  Lochy,  the  sites  of  two  large  vanished 

lochs  have  been  mapped.  The  larger  of  them  lies  on  the  watcr- 
"shed  lietween  the  rivei*s  Lundy  and  Loin,  and  covers  at  least 
a  square  mile.  W  ith  the  exception  of  two  small  remaining  tarns 
■  the  bottom  is  now  quite  dry,  flat,  and  about  430  feet  above  seii- 
level.  The  deposits  which  cover  its  bottom  so  far  as  can  be  seen 
are  comnosed  of  fine  g^lacial  silt  and  sand.  The  lake  was  entirely 
surrounued  by  morames.  The  site  of  the  other  sheet  of  water 
lies  to  the  north -caKt  of  New  Inverlochy  Castle.  A  stream  tiow.s 
slu;_ruishly  along  its  length,  and  numernns  sections  show  its 
bottom  to  bo  filled  with  glacial  silt  and  s;ind.  its  average  level 
above  the  sea  is  80  feet. 
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Islftiidof  The  glacial  phenomena  of  the  mainland  of  Argyllshire  are 
\v?k         P''^^^"^'^"*^  islands  that  Hank  the  coast^  some  of  which 

ilkuison.)  ]i\irh  cnontjli  to  nourish  their  own  independent  •^daciers 

when  the  Lrreat  ice-shcet  had  siitficiently  uiiiimished.  In 
Jura,  Mk.  Wilkinson  has  found  evidenci'  of  the  mareli  of  tlie 
mamland-ice  across  even  that  lofty  island.  Along  the  coast 
indeed,  the  strite  indicate  that  the  ice  was  deflected  in  its  lower 
portions  and  moved  Irregularly  alon^  the  shore-line.  But  on 
the  higher  ground  Kome  laige  and  hne  examples  of  grooved, 
polished  and  striated  surfaces,  wliir  h  after  a  passing  shower  lias 
rendered  them  wet.  reHect  the  sun's  rays  with  most  dazzling 
etiect,  demonstrate  that  over  the  hackhone  of  the  island  the  ice 
moved  from  east  to  west,  varying  a  little  to  the  north. 

Boulder-clay,  which  has  1)een  plentifully  deposited,  is  found 
hanked  against  the  sides  of  the  higher  hills  and  slopes  down  to 
the  Sound  of  Jura.  Many  sec  t  i«  uis  s1\ow  it  to  be  a  stitT  clay,  often 
red  in  colour,  with  aV'undant  well-rounded  and  sometimes 
striated  boulders,  among  whic  li  <inartzite,  cpidiorite,  dolerite,  red 
sandntone,  red  porphyry,  and  uudcsite  are  the  most  ronnnon. 

The  higher  corries  and  glens  of  the  i.slantl  evidently  nursed 
glaciers  eSfcer  the  disappearance  of  the  ice-sheet,  for  moraine 
material  is  abimdant  there,  sometimes  even  stretching  down  to 
the  lower  valleys. 

Connected  with  at  least  the  later  stage?;  of  the  Ice  Age  are  the 
Raised  Beaches,  which  form  so  prominent  a  feature  in  the  sf  encry 
of  tlie  west  coast  of  Scotland.  The  east  side  of  Jura  pre:  <  ri;s  a 
succession  of  these  tcn*acesall  along  the  coast-linc  from  Ardliu  m 
the  south  of  the  island  to  north  of  Ardlussa  House.  They  lie  at 
Yarious  levels,  but  rarely  rise  above  the  hundred-foot  contoiur- 
line. 

It  is  on  the  west  side  of  the  island,  however,  that  the  raised 
beaches  attain  their  most  striking  development.  They  have  not 
yet  been  ( oin])lriely  mapped  there,  and  an  account  of  them  is 
reserved  for  a  future  Siunnuiry. 


Pertliflhire. 

Strath  In    the   Perthshire   district,    surveved   last  year    by  Mr. 

Perthsfi'i  CuxxiNOHAM-CRATrs.  whioli  included  the  basin  of  Loch  Katrine, 
<Mr.Canning-  he  found  tVic  direction  of  tiow  of  the  ice-sheet  to  bo  on  the  whole 
iiam-Crai«.)  towards  the  south  east.  He  succeeded  in  establishing  this  point 
by  obtaining  a  large  number  of  observations  of  stris  on  quartz- 
veins  even  up  to  the  highest  hill-tops.  He  also  met  with  plentiful 
evidence  of  later  or  local  glaciation,  each  glen  having  its  groups 
of  moraines. 


Aberdeenshire. 

Braemar.  In  the  area  of  Braemar,  sui*veyed  last  year  by  Mr.  Cunningham- 
cUnninffham-  ^^AJ^>  glacial  phenomena  were  traced  across  the  ground 
CraiK- )      '  between  the  Kiver  Dee  and  the  flanks  of  the  CSaimgorm  Mountains, 
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He  could  rarely  detect  any  rock-striie  that  would  show  the  Braetnar 
direction  of  the  ice  moTcment ;  thev  are  scaree  and  never  clear,  . 
but  the  tran.sj^Kjrtation  ot"  erratic  hloeki*  serves  to  ^/wf  a  general  idea  t'raig,) 
of  the  flow  ot  the  iee-sheet.    The  hest  exanu>le  ot  this  evidence  is 
the  occurrence  of  blocks  of  the  Glen  Deny  aiorite  on  the  hillside 
above  AUanmore,  at  a  distance  of  more  than  six  miles  to  the 
south-east  of  the  parent  mass.    These  Mocks  could  not  have 
been  brought  to  tlieir  present  position  by  the  later  or  local 
glaciation,  but  must  have  been  transported  by  the  ice-sheet  over 
ridges  nearly  3,000  feet  in  height. 

An  interesting  case  of  diverted  drainage  is  afforded  by  Glen 
Slugain.  The  upper  part  of  this  wide  and  deep  valley  cent  in  a 
mere  rivulet  of  water,  which  for  considerable  distances  finds  its 
way  underneath  accumulations  of  quartzite  scroo.  At  the  head 
of  the  ^len  a  flat  ('X[)anse  of  ground  is  eovorrd  witli  drift  and 
morainic  material  reaching  to  the  River  Quoieh,  which  makes  a 
sharp  turn  to  the  westward  at  tliis  point.  It  seems  that  what  are 
now  the  head-waters  of  the  Quoich  used  to  flow  down  Glen 
Slugain,  but  that  during  the  glaciation  the  ice  d<  s(  ending  from 
the  plateau  of  Beimi  a'  Bhuird  ploughed  out  the  wide  east-and- 
west  liollow  to  the  south  of  tliat  mountain,  and  with  part  of 
the  removed  material  l)Io(  k('(l  the  Slni^ain  valley.  The  waters  of 
the  Quoich  were  thus  enabled  to  cut  Uu-k  along  the  hollow  south 
of  Beinn  a'  Bhuird  and  "  behead  "  the  Slugain  burn. 

At  Lochan  a'  Bhata,  situated  to  the  eastward  of  a  col  between 
Glen  Dubh  and  ON'n  Derry,  an  interesting  deposit  has  been 
formed.  A  tiat  trianirulir  mass  of  coarse  detritus  contains  the 
lochan,  the  apex  terminating  in  a  rocky  gorge,  while  the  base 
presents  a  very  steep  scree  like  face  to  the  glen  beneath.  This 
deposit  can  only  be  accounted  for  on  the  supposition  that  the 
main  glen  (Glen  Dubh)  was  filled  by  a  glacier,  against  the  side  of 
which,  or  more  probal)ly  in  a  small  glacial  lake  formed  Ix'tween 
the  glacier  and  the  hdlsidc,  the  fan-like  mass  of  matrrial  was 
deposited.  The  matt  rial  fonniiiLf  the  dc'|M>8it  was  brouglit  down 
bv  the  small  burn,  whicli  finally  occupied  and  kept  o|K'n  the 
shallow  depression  in  its  delta,  which  is  now  filled  by  the  Lochan  . 
a'  Bhata. 


Inyemess-shire. 

A  full  arcotuit  of  the  remarkable  terraces  of  Strathsp'v.  by  Mr.  Strath»pey. 
HlN'XM  w,  was  given  in  last  Si'inmnry  of  Protjrf^^.  LitlL;  of  anv  ^j^j^m^ji 
impurlan(!e  has  been  met  with  since  to  add  to  thai  account  of  the 
glacial  history  of  this  great  Highland  river.  The  lii^h  level 
termoes  of  fluvio-glacial  gravel  have  been  found  to  contmue  up 
Glen  Truim  as  far  south  as  Crubinmore,  and  to  rise  to  a  height 
of  1,020  feet.  On  the  southern  slopes  of  the  Monadhliath  the 
moraines  that  mark  the  levels  of  the  valley-glaciers  are  succeeded 
in  many  places  by  hard  grey  till  of  considerable  thickness. 


Digitized  by  Google 


174 


FIELD-WOBK. 


Boss-shire. 

Beauly.  In  the  Beauly  area,  to  which  Mr.  Hixxman  was  trausfcrTC(| 

Uiuxiuau  season,  he  found  the  hill-slopes  and  higher  parts 

xiuau.)  valleys  that  descend  to  the  lieail  of  tlie  Firth  to  be 

covered  to  a  ^eat  depth  with  boulder-clay.  Thus  along  the 
eonrse  of  the  Allt  Cfoibnre  sections  can  be  seen  showing  80-100 
feet  of  sandy  clay.  The  included  stones  nre  mostly  of  local 
origin,  hut  there  are  also  many  boulders  of  granite,  pegmatite, 
hornblende-schist,  and  liorubleude-rock,  derived  frojii  ground 
further  to  the  west  or  north<west.  Large  boulders  of  a  beautiful 
augen-gneiss  and  red  ^^ranite  occur  ui  great  mmihers  on  the  ridge 
of  the  Black  Isle  at  fialvaird,  near  Tarradale.  These  have  been 
derived  from  some  of  the  l)aiuls  of  that  rock  which  have  been 
detected  among  the  mountains  of  eastern  Ross-shire. 

The  100-feet  raised  beach  forms  a  wide  aiid  conspieuoiis 
feature  at  the  head  of  the  lieiuily  iirth  between  Toniich  and 
Tarradale  House,  and  its  landward  maigin  is  clearly  defined 
along  the  slopes  of  Clashdorran  and  Aultavaich.  At  Miiirof  Ord 
it  merges  into  ili.  fiuvio  glacial  gravels  that  cover  the  colbet  wt  en 
the  heads  of  the  Beauly  and  Cromartv  Firths.  The  beach  has 
been  greatly  denuded  W^tween  Tarradale  Mains  and  Redcastle, 
and  only  appears  in  a  fragmentarv  condition,  but  it  can  be  seen 
in  section  capping  the  sandstone  in  Redcastle  quarry, 
toeh  Among  the  high  grf)unds  already  referred  to  as  having  been 

Black  isk*"^  surveyed  by  Messrs.  Peach,  Horke,  and  Pooock  in  the  region 
(Mr  Peach.)  Fannich  Fc»rest  and  Loch  Liiichart,  as  well  as  in  the  lowhind 
of  Easter  Ross,  additional  particulars  have  been  obtained  regarding 
the  «^dacialion  of  that  mrt  of  Scotland.  So  thick  did  the  ice 
reiiiaiii  in  many  of  the  nigher  iiilaiul  valleys,  that  tlicre  is  often 
dithculty  in  detecting  any  salisluclory  evidence  of  the  earlier 

Shases  of  the  glacial  period.  Mr,  Peack  in  the  Loch  Luichart 
iistrict  last  year  was  unable  to  find  any  such  evidence.  Only 
on  the  low  groinid  of  the  Black  Isle  in  Faster  Ross  did  he  come 
upon  undoubted  traces  of  the  earlier  glaciation.  In  a  sandstone 
quarry  near  the  village  of  Conon.  stn'je  were  observed  by  him 
which  pdinted  F.  20"  X.  and  passed  underneath  a  tough  bouldcr- 
cluy  or  till,  lull  of  well-glaciated  blocks  of  sandstone,  Hi<jhland 
schist,  augen-gneiss,  granite,  &c.  Above  this  deposit  lies 
a  considerable  thickness  of  looser  sandy  morainic  debris*  in 
which  occur  large  angular  blocks  of  sandstone  and  occasional 
boulders  of  schist,  aug'en-gneiss,  i^c.  Similar  phenomena  were 
met  with  in  several  places  m  that  part  of  the  region.  The  striie 
and  till  are  aftrihuted  by  Mu.  Peach  to  the  earlier  glaciation, 
while  the  overlying  morainic  material  is  regarded  by  him  the 
product  of  a  large  glacier  which  issued  from  the  Conon  Valley 
and  spread  out  upon  the  Black  Isle  at  the  time  when  the  ice 
reached  its  greatest  extension  during  the  period  of  the  later 
glaciation.  The  concentric  arrangement  of  tJie  moraines  which 
cover  most  of  the  slope  of  the  Black  Isle  right  up  to  its  crest 
oppo.'<ite  Dingwall  is  very  conspicuous. 

In  the  mountainous  area  surveyed  by  Mr.  Peach  to  the  west. 
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the  phenomena  whieh  he  nhserved  he  mnUl  only  reijard  as  Loch 
belonging  to  the  later  i:l;><*i;tti()ii  The  stria*,  the  dispdsition  of  {^"'^hart  and 
the  lateral  luomines,  and  the  distribution  of  the  carried  blocks  ) 
show  that  dining  the  greatest  extension  of  the  later  glaciers 
a  glacier  or  loe-sneet  moved  across  the  watersheds  from  Glen 
Fhioding  and  from  Strath  Canon  into  the  valley  of  the  Bnm, 
where  it  received  tributary  ice  across  the  high  cols  from  the 
Fannich  Valley,  swept  round  Sgurr  a  Mhullin.  leaving  the  top  of 
that  mountain  as  a  "nunntaK"  or  islet,  wluiKd  ufx)n  itself 
on  reaching  the  neighhnurhood  of  Loch  Luichart,  and,  after 
combuiing  wiih  the  liiuin  body  of  ice  from  Fannich  anti  ilic 
Blackwater  Valley,  issued  from  the  Highlands  by  the  Conon 
Valley  and  spread  out  upon  the  Black  Isle.  Tlie  blocks 
of  augen-gneiss  from  Inchbae  and  Loch  Luichart  afford  excellent 
material  tor  following  the  track  of  the  lower  part  of  this  combined 
glacier. 

The  disposition  of  the  icnares  of  lateral  iin»rnino  roiuid  the 
hill-tops  to  the  south  of  the  head  of  Loch  Luichart  indicates 
the  successive  stages  in  the  decrease  of  this  glacier  or  ice-sheet 
when  the  smaller  hills  (some  of  which,  however,  reach  a  height  of 
niore  than  1,800  feet)  began  to  appear  above  its  surface  as  scattered 
islets.  The  terraced  moraines  on  the  valley-slopes  and  the 
succession  of  terminal  moraines  along  their  bottoms,  and  which 
bar  their  streams,  plainly  mark  jiauses  in  the  gpiicral  decrea.se 
of  the  ice,  which  eventually  disiippuared  leaving  the  corrie- 
moraines  as  its  last  trace.  Tfie  terraced  moraines  are  well  seen 
in  the  neighbourhood  of  Loch  Luichart,  but  the  finest  display 
of  them  is  to  be  foimd  round  the  northern  tianks  of  Sgurr  a 
Mhullin,  as  seen  from  the  railway  near  Achault,  where  the}' 
appear  as  a  giant  staircase  to  that  fine  monntain.  The  terminal 
moraines  are  well  shown  along  the  line  of  the  railway  from 
Achtcmccd  near  Strath  Peffer  to  Achnasheen,  though  they 
are  most  conspicuously  displayed  between  Garve  and  Loon 
Luichart  Stations. 

On  the  part  of  the  Black  Isle,  and  on  the  lower  portion  of  the 
Valley  of  tlie  Conon,  surveyed  bv'  Mr.  Peach,  he  found  the  100- 
foot  beach  to  he  well  ncirked.  Its  presence  tliero  shows  that  the 
ice  had  retreated  inland  Irom  the  .shore  either  before  ordurini,'  the 
time  when  the  materials  of  the  teiTace  were  deposited.  In  the 
Torridonand  Applecross  regions  of  the  West  Coast,  as  indicated  iu 
previous  Reports,  the  ice  continued  to  descend  to  the  sea  long 
after  the  time  of  the  100-foot  terrace.  In  the  Black  Isle  the  bluff 
bounding  the  upper  limit  of  this  terrace  truncates  the  successive 
concent  no  morames.  The  origfinal  fiat  surface  of  the  tcrrac(» 
is  now  much  furrowed  and  made  irregular  by  denudation. 
Sections  are  thus  exposed  which  show  the  materials  of  the 
terrace  to  consist  chieny  of  lino  sand  and  gravel,  with  sometimes 
ooBsiderable  tracts  of  a  finely  laminated  &wn-colouied  clay.  Both 
the  fiffcy^fest  and  the  twenty-five  feet  raised  beaches  are  well 
developed  on  the  shores  of  the  Cromarty  Firth  and  along  the 
banks  of  the  River  Conon.  The  deposits  consist  of  sand  and 
clays  containing  shells,  such  as  cockle,  mussel,  periwinkle 
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Loch  ^Ti(\  other  estimrine  and  littoral  species  common  on  our  present 

Luichart  an«l  shon\  Besides  tlie  t  errace  of  the  twenty-tivc  feet  beach,  there  are 
(M^Vwh )  i'^'^^i^^*'^'^!^  of  several  smaller  fragmentary  terraces  between  the 
fifty-feet  raised  bciich  and  the  present  sea-level,  which  can  only 
be  followed  for  short  distances,  but  which  suffice  to  prove  that 
the  movement  of  elevation  was  intermittent,  and  extended  over  a 
considerable  period  of  time.  Several  well-marked  rock -basins 
occur  in  the  area  exnniitied  by  >fn.  Peach,  the  finest  of  which 
are  occupied  by  Loch  L\u('hart,  Loch  Coulin,  and  Loch  Garve. 

Fannich  In  the  district  of  Fannich  Forest,  surveyed  Vty  Mr.  Horn'E, 

Bwm*^)^^^'^  few  striated  surfaces  were  observed  on  the  southern  slopes 
of  the  Fannich  range.  A  thick  covering  of  drift  tills  the  deep 
valleys  that  penetrate  the  chain,  and  it  forms  a  gentle  slope 
along  the  north  side  of  the  loch.  Several  finely  striated  surfietces, 
however,  were  detected  at  IultIi  levels,  as,  for  instance,  on  the  cng 
at  the  head  of  Allt  Choire  Hhig  (about  2,500  feet),  where  the 
direction  of  the  stri:e  is  8.  22'  P.  ;  on  the  spur  that  forms  *ho 
soiuht'iu  ])ioitM  tioiv  from  Meallan  li^iirigidh  (Ix'tweeii  J,5UU  and 
1,7.>0  feci  ),  where  the  trend  is  S.  13"-20  K. ;  and  on  the  southern 
slopes  of  An  Coileachan  (between  the  2,250  and  2,500  feet  levels), 
where  the  stride  point  S.  14'-18'*  £. 

These  striated  sur&ces  lie  in  the  eastern  portion  of  the  Fannich 
mountains,  and  were  evidently  produced  during  a  period  when 
hb  mass  of  high  ground  formed  a  centre  of  dispersion  for  the 
.ce.  Tliere  can  be  no  doul)t  that,  as  has  already  been  stated, 
the  Avbirli  radiated  from  the  southern  portion  of  the  Fannich 
range  crossed  Lucli  Fannieh,  and  ovei-spreading  the  ridge  to  the 
south  uf  that  sheet  of  water,  passed  mto  Strath  Bran.  Quite 
recently  a  forest  mth  has  been  made  across  this  dividing  ridge, 
leading  from  Acnanalt  to  Gabuie.  At  various  points  on  the 
crest  of  the  ridge  finely  striated  surfaces  have  been  laid  bare  in 
pit-holes  openeu  in  the  drift,  where  the  strijc  point  in  a  S  S.E. 
direction.  The  Fannich  rangf  nms  in  an  east  and  west  direction 
for  a  distance  of  seve?i  miles,  anil  all  th*'  main  peaks  along  the 
range  rise  abuvc  ^>,i)()0  leet.  it  is  obviou.s  that  the  mass  of  ice 
flowing  southwards  towards  Strath  Bran  must  have  been 
considerable,  and  not  improbably  furnished  the  ice-dam  that  gave 
rise  to  the  lake-terraces  at  Achnasheen. 

East  of  Fannich  Lodge  a  d*  {losit  of  boulder-day  is  covered  by 

moraines,  while  groups  of  moraines  extend  westwards  to  the 

head  of  the  loch  and  up  the  main  valleys.  No  great  moraines 
of  rceessif>n,  or  corric-morainos  on  a  large  scale,  occur  in  the 
ground  surveyed  by  Mh.  IIokne. 

Black  !  l  v  Iri  the  portion  of  the  Blark  T.sle  mapped  by  Mr.  Hoknk,  wliii  li 
(Mr.  liorae.)  lay  to  the  east  of  tlie  ground  surv(?yod  by  Mr.  Peach,  various 
slrije  were  observed  which  sIjow  that  the  ice  there  moved  in  an 
easterly  and  E.K.E.  direction.  The  following'  examples  may 
suffice  to  indicate  the  movement— (1)  on  the  hill  slone  half  a 
mile  west  of  Fortrose  E.  6'— 14"  N. ;  (2)  near  Belmaduthv 
E.  10'  N. ;  (3)  near  ColbokiCj  on  the  west  slope  of  the  Black 
Isle,  E,  18"  N. 
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The  evidence  of  tho  striated  rock  surfaces  is  ronfinned  by  Itlack  Inle. 
tliat  supplied  by  thu  boulders  in  the  (b  ift.  Tboni^'b  the  greater  l-^^*"*  Horn©.) 
part  of^  the  Black  Isle  is  formed  of  Old  Kcd  Saiidiitone,  a  large 
proportion  of  the  stones  in  the  drift  consists  of  ciystalline 
schistfi,  granite,  and  other  igneous  rocks,  which  have  heen 
deriTed  mainly  from  the  high  grounds  lyine  to  the  west  Large 
erratics  of  rocks  foreii^ni  to  the  BlacK  Isle  are  of  coiiimon 
occurrence,  consisting  ot  augen  -  L^noiss  or  foliated  grunito, 
epidiorite,  hornblende-schist,  and  massive  grey  i^anite.  Atten- 
tion luis  been  directed  to  the  distribution  of  these  boulders  by 
yarious  local  observers  in  the  north  of  Scotland,  and  in  particular 
to  that  of  the  boulders  of  foliated  granite  resembling  the  Inchbae 
rock  west  of  Garve,  already  referred  to  in  the  notice  of  Mr. 
Peach's  oh'^("rv.i!  ions,  while  IHocks  of  this  peculiar  rock  arc  found 
in  the  soMthcrn  portion  of  tho  Black  Isle  near  Tarradale.  They 
become  mure  plentiful  northwards  in  tho  direction  ot  tlio  Millbuie 
ridge.  If  no  other  locality  than  liicbbao  has  boeii  the  parent 
source  of  these  boulders,  then  the  Conan  Glacier  probably 
reached  the  southern  margin  of  the  Beauly  Firth. 

Boidder-clay  is  distributed  over  tho  eastern  portion  of  the 
Black  Isle,  where  between  Belmaduthy  and  Raddery  it  forms 
a  gentle  slope,  but  over  the  western  p^^rtion  extending  from 
Colbokio  sonthwards  to  Tore  a  rcniarkai>ie  series  of  moraines 
may  be  observed  to  form  prominent  ridges  with  lochaiis  or 
marshy  hollows  between  them.  In  the  various  pit-sections  in 
these  moraines  the  material  is  composed  of  sand  and  gravel, 
with  an  admixture  of  day;  the  stones  of  foreign  origin  being 
associated  with  large  subangidar  blocks  or  masses  of  the  under- 
lying yollow  sandstone.  As  these  moraines  arc  traced  eastwards 
in  the  Election  of  Munlochy  they  gradually  merge  into  ridges 
of  sand  and  gravel. 

In  the  Fortrose  region  the  100  feet,  60  feet,  and  25  feet  raised 
beaches  are  admirably  displayed.  They  may  be  followed  at 
intervals  all  round  the  southern  portion  of  the  Black  Isle  to 
Tarradale. 

Tlie  glaciation  at  the  east  end  of  Loch  Fannicli.  and  also  that  Ixwli Fannlcb 
of  Beinn  nan  liamh  to  the  south-west  of  that  .sheet  of  ^^^^^^r- {|^,*"" 
were  examined  last  year  by  Mil.  Pocu*  k.     In  the  lii*st  of  these  jjaUict  (Mr. 
two  tracts  he  obtained  a  fairly  complete  set  of  observations  Poooek.) 
of  rock-strife  in  illustration  of  the  movement  of  the  ice  at 
different  stages  of  the  Glacial  period,  but  very  few  were  found 
in  the  Ben  Kamh  area.     Tlio  finest  examples  can  be  seen  on  the 
quartzose  Moine-schists  by  the  roadside  at  the  foot  of  Loch 
Fannich,  and  at  the  top"  of  Aultdearg  Wood.     The  grciiter 
number  of  striie  in  the  area  towards  Loch  Luichart  point  a  few 
degrees  south  of  east.    But  an  older  set,  somewhat  obscure,  is 
indicated  by  cross  hatches,  obtained  at  a  height  of  1,500  feet,  on 
the  shoulder  of  Ben  Doarg.  Tliese  point  in  a  southerly  direction, 
and  may  belong  to  t  he  period  of  the  lowland  boulder-clay.  The 
easterly  stria?  indicate  an  ej>och  of  intense  glaciation,  during 
which  the  top  of  Ben  Ramh,  with  tho  more  formidable  barrier 
f>i  Ben  Fiona  behind  it,  served  to  divide  two  ice  streams,  one  of 
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Loch  Famnich  which  has  been  already  alluded  to  as  having  moved  into  Strath 
andHeinn  Hran.  while  tlie  other  crossed  the  peaty  plateau  on  the  west  in 
.ul^ri^MMr.        direction  of  Loch  Marec. 

rocock).  *  Bevoud  the  east  end  of  the  Fuuuich  range  strite  were  obtained 
on  t£e  summit  of  Ben  Bearg  at  a  height  of  more  than  2,000 
foet,  showti^  that  the  ice  from  the  north'  side  of  the  Fannich 
ridge  crossed  the  hill-top  without  detlection.  The  ice  from  the 
south  side  of  that  ridge,  instead  of  following  the  course  of  the 
Orn  li  •  River,  pn ssod  st might  over  Chm  na  Beiste  at  a  height  of 
l,(j5U  icet,  and,  descending  the  east  side,  crossed  the  (Jnulie 
Valley  at  an  oblique  angle.  These  two  strwiuis  must  have 
coalesced  on  the  lower  ground  east  of  Ben  Aigcan. 

A  later  stage  of  glaciation  is  indicated  by  repeated  instances  of 
cross  hatching  in  the  strife,  found  in  the  lower  ground  of  this 
Loch  Luichart  district,  in  which  a  ncAver  set  of  stria;,  following 
the  conrf^o  of  the  valleys,  oljlitcrates  the  older  set  poiiitiug  a<;rosa 
them  to  tlie  en'^^f  At  this  stage  the  ice  of  Loch  l^annich  passed 
round  the  north  side  of  Ckn\  na  Beisto  alon;^^  the  course  of  the 
Grudic  Iviver,  while  tributarv  streams  from  the  north  descended 
the  valleys  on  either  side  of  Ben  Dear?. 

Moraines  of  recession,  belonging  to  the  last  stages  of  the  Glacial 
period,  are  fairly  common  in  the  Gnidie  Valley,  but  they  are 
low  and  inconspicuous,  being,  probably,  an  old  series  that  has 
undergone  much  denudation.  Boulders  of  tlakv  Ljarnetiferous 
gneiss,  strewn  over  the  t<tps  of  these  nioraines,  have  come  from 
the  rocks  which  crop  out  near  the  head  of  Loch  Farmich. 

A  fftr  more  conspicuous  set  of  moraines  occurs  in  the  valky 
between  Ben  Aigean  and  Ben  Dearg.  One  of  these,  which  is 
upwards  of  20  feet  high,  extends  across  the  mouth  of  tlio  valley 
for  ,1  distance  of  about  a  mile ;  another  curves  round  the  great 
corrie  of  Ben  Aigean,  while  a  third  s(  t  nms  up  the  valley  in  a 
direction  more  or  less  jmrallcl  to  tlif  H<  ii  Aiijean  cliff.  Moraines 
are  found  also  on  the  west  side  of  Ben  Kaiuh,  willi  ocimional 
boulders  of  flsmetifeiom  flaky  gneiss,  derived  from  the  hill  top, 
while  in  the  strathcromble  Valley  on  the  south  side  of  the  hill 
another  group  occurs  which  has  been  formed  by  the  corrie 
glaciers  of  Ben  Fionn. 

CaithneBS. 

(Mr.  Pocock.)    In  the  Bracmore  district,  Caithness,  surveyed  la.sl  yenv  by  Mr. 

POOOCK,  no  facts  of  special  interest  were  observed  in  the 
glaciation  of  this  county.  The  greater  part  of  the  ground 
exanuned,  >s'ith  the  ezcention  of  the  Morven  Hills,  is  covered  by 
bonlder-<day  of  the  usual  tyiie,  consisting  of  subangular  boulders, 
strialed  in  the  din  ction  of  the  ice  n1o^•enlc!lt,  and  set  in  a  matrix 
of  tough  clay,  which  is  red  aud  sauily  win  re  it  lies  on  the  Old 
Ked  Sandstone,  but  bci  onies  grey  and  granitic  where  it  rests  on 
granite.  The  rock-striie,  as  Veil  as  the  transported  boulders, 
mdu  ate  an  eastward  movement  of  the  ice.  The  shell  v  boulder- 
<  I.iy  hardly  comes  within  the  area  recent Iv  surveyed,  l>ut  a  blue 
buidder-clay  similar  to  that  fron^  which  J^bert  Dick  obtained 
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mariae  shells  in  the  Dimbeath  Water  occurs  as  far  west  as  (Mr.Fooock.) 
Pollroy.   Morainoft  belonging  to  the  later  phases  of  L^i^ctation  are 
not  common,  the  wide  open  strath  to  the  north  of  Morven  being 
unfavourable  to  their  formation.    They  were  observed  in  only 

two  places,  viz.,  n  short  distMnMO  above  Jiracmoro,  and  two  miles 
down  the  Berriodaie  Water  Irom  Grobemie^i^Kih. 

Island  o£  Skye. 

The  proprress  of  Mr.  Marker's  mapping  in  and  about  the  Cuillin  Cuiliin 
Hills,  uiul  oil  the  moorland  j^ound  tarthcr  north,  has  Lcivon  more  JUirict. 
dotailfd  informat  ion  concernmg  the  glaciation  of  this  central  pirt 
of  Skye,  which,  as  already  pointed  out  in  former  Reports,  was  duo 
wholly  to  local  glaciers.  At  the  epoch  of  maximum  glaciation 
ouly  the  highest  summits  of  the  Cuillins  stood  above  the  ice. 
This  is  true  also  of  Blaven,  and  probably  of  the  Red  Hills,  though 
the  crumbling  granite  of  which  these  latter  are  built  is  not  fitted 
to  preserve  the  evidenres  of  glaniati^m.  The  main  range  of  the 
CujlUns,  with  its  prolongation  north  eastward  and  eastward  to 
Sgdrr  nan  Gillean,  was  then,  as  now,  a  line  of  divide;  but 
elsewhere  among  the  mouniains  the  ice  did  not  always  follow  the 
present  drainafie-lines.  The  mountain  area  is  divided  by  a  broad 
double  strath,  formed  bythe  Sligachan  Valley  nmning  northward 
and  the  Camasunary  valley  nmning  southward,  with  a  low 
■watershed  (250  foot)  between  them.  'Iho  Sliguchaii  River  is  fed 
chicflyfrom  the  west,  especially  from  liarta  Corric,  which  flrainst  ho 
interior  of  the  northern  [)art  ot^the  ( 'uilliiis ;  the  Camasunary  River 
h>  fed  chiefly  from  the  east,  from  the  corries  between  Marsco  and 
Blayea  In  .Glacial  times,  however,  the  great  glacier  from  Harta 
C'orrie  divided,  part  going  northward  ,and  part  southward,  over 
Druim  an  Eidhne  and  along  the  eastern  side  of  Coire  Riabhacfa. 
Similarly  the  ice  from  the  eastern  mountains  divided,  part  going 
towards  Shgachan  and  part  t(nv;inis  Camasunary.  The  low 
watershed  was  thus  at.  once  the  lucetuig-place  of  two  ice-streams 
from  west  and  east,  and  the  parting  of  two  streams  to  north  and 
aoutL  These  must  both  have  been  of  oozxsiderable  magnitude. 
The  northward-moving  glacier,  on  reaching  the  mouth  of  the 
>ral]fly  at  Sligachan,  sprem  out  like  a  fan.  On  the  left  hand  it 
ibecame  confluent  with  the  smaller  glaciers  from  the  northern 
corries  of  the  Cniilins — Coir'  a'  Bhasteir  and  Fionn  Clioire — and 
tile  imited  stream  llovved  westward  into  the  upper  part  of  Glen 
Brittle,  over-riding  the  pass  (1 ,150  feet)  north  oi  Rruach  ua  Frithe, 
and  leaving  striae  dhrccted  westward  on  the  ridge  of  that  mountain. 
The  main  body  of  the  Sligachan  glacier,  however,  spread  out  over 
the  moorland  tract,  following  especially  the  Prynoch  valley 
westward  towards  Loch  Harport  and  the  Varrigill  valley  north- 
ward towards  Port  it.'.  The  midstream  line  <'jui  V)o  traced  out  by 
th*'  J )reponderance  of  i^abbro  l>oulders  (derived  mainly  from  the 
1*  1 1  side  of  the  Sligiielian  valhy )  on  one  side,  niid  of  gi'anite  (derived 
from  the  right  side)  on  the  other,  in  the  drift  deposits.  By  taking 
a  census  .of  200  or  300  boulders  at  each  .selected  spot,  of  which 
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ruillin  more  than  ninety  wore  chosen,  it  was  found  possible  to  draw  this 
^vf  ^H^       line  with  predfiion.   After  following  the  middle  of  the  valley  it 

^ ^  '  swings  round  westward  at  Sligachan,  and  runs  for  some  miles 

close  to  the  Dunvegan  high  road.  This  west  ward  diversion  of 
the  icostroam  is  in  itself  enough  to  sugi»wl  that  the  natural 
outlet  sea  ward  by  Loch  Sligachan  was  more  or  less  obstructed 
hy  the  ice-sheet  nrom  the  Scottish  mainland,  which  hugged  the 
eastern  coast  of  Skye.  It  even  seems  probable  that  at  one  stiu^e 
a  tongue  of  the  Scottish  ice  was  forced  up  Loch  Sligachan,  for 
near  the  head  of  the  loeh  oecur  boulders  of  Torridon  Sandstone 
and  other  roeks  which  must  Ih-ne  l)een  derived  froTii  the  (^ast. 
At  a  later  stai^c  this  extraneous  pressure  was  apjmreutly  relaxed, 
and  a  second  set  of  striie  along  the  sliores  of  the  loch  indicates 
a  freer  outlet  in  that  directioa  To  this  stage  are  probably  to  be 
referred  the  lar^  enatics  scattered  over  die  sur&oe.  When 
these  are  cxanuned  in  the  same  way  as  the  boulders  in  the 
hummocky  drift,  and  a  line  is  drawn  to  divide  preponderant 
c^abbro  from  proijondorant  granite  errat  ins,  it  is  found  that  this 
line  does  not  turn  westward  at  Sligachan  like  the  other,  but 
continues  northward  very  near  to  the  Portree  road,  thus 
indicating  a  relief  of  the  pressure  from  the  east. 

The  glacier  flowing  southward  from  the  central  diyide  was 
probably  not  less  powerhd  than  that  flowing  north.  It  evidently 
tiled  the  Camasimary  valley  to  a  great  depth.  On  the  left  side 
the  slopes  of  Blaven  are  glaeiated  nearly  u|^)  to  the  crr^t-line, 
while  on  the  ri<rlit  Sgiirr  an  Eidhne  (1,390  leet)  and  Sgiirr  na 
Stri  (1,023  feet)  are  moulded  and  polished  by  ice  to  their 
summits.  The  evidence  of  the  striated  siu*faces,  which  are  so 
conspicuous  all  over  this  neighbourhood,  is  confirmed  by  the 
distnbution  of  the  boulders.  Granite  from  Ruadh  Stac  and 
Marsco  is  foimd  not  only  along  the  valley  but  on  the  western 
slopes  of  Blavon.  The  most  westerly  grauifo  J.,}  ^ifu  is  at  Meall 
Dejirg,  on  the  right  side  of  the  moutli  of  Harta  Corrie.  A  Ime 
drawn  from  here  S.S.E.  and  S..  following  the  dircction  of  the 
strife,  detines  the  western  limit  of  erratics  of  |p:amte.  This  lino 
(passes  a  little  east  of  Loch  a  Ghotre  lUabhaich  and  along  the 
ridge  of  Sgiirr  na  StrL  The  stri®  so  clearly  pr^erved  on  the 
gabbro  indicate,  however,  a  still  further  westward  spread  of  this 
glacier,  showing  that  it  <)V>li<iuely  crossctl  the  south-eastern  part  of 
Dniim  nan  Ramh,  at  a  height  of  over  1,300  feet,  into  Uondsk 
itself. 

The  Coruisk  valley,  receiving  the  whole  of  the  interior  drainage 
of  the  southern  and  major  {X)rtion  of  the  Ouillins,  was  occupied 
by  a  great  glacier,  which,  at  its  hij^hest  stage,  was  only  just  held 
in  on  the  west  by  the  main  sunmiit  ridge,  while  on  it's  east  side 
it  marehod  ^^^th  the  Camasunary  crlacier  just  described.  That 
the  latter  was  able  to  a  eertain  exlri^t  to  encroach  upon  the 
territory  of  the  Curuisk  glacier  is  indeed  the  best  evidence  of  its 
important  magnitude.  Nowhere  jwrliaps  in  Britjiin  is  there  a 
more  striking  display  of  ioe-mouldmg  and  glacial  striations  than 
on  the  ro(  ks  of  naked  gabbro  which  surround  Loch  Ooruiskand 
border  the  adjoining  sea-loch  Scavaig.  Loch  Goruisk  itself  is  a 
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fock-basin   with  a  maximum  depth  of  96  feet,  ^o'm^  down  CuilUn 
therefore  70  feet  below  the  sea-level.    The  strife,  wliicb  extend  ^''jj* 
almost  continuously  over  all  the  surroimdinp  slopes,  seem  to  *  * 
iudicato  an  accumulation  of  ice  which  found  exit  only  with 
difficulty  through  the  narrow  outlet.    The  difficulty  ansing  from 
the  form  of  the  ground  would  be  augmented  by  the  pressure  on 
the  one  hand  of  the  Camasunarj'  glacier,  and  on  the  other  of  the 
sraxUerglaciers  which  from  the  corries  south  of  Sgurr  Dubh  con- 
verged more  (lirt'ctly  upon  the  head  of  Loch  Scavaig.    At  several 
point  s  about  tbu  outlet  of  the  Scavaig  River,  however,  a  second  set 
of  striie  nmning  S.S.W.  seems  to  indicate  that  at  a  certain  stage  the 
Ooniisk  ice  ana  the  smaller  glaciers  from  the  west  may  have  shrunk 
sufficiently  to  allow  a  braniSx  of  the  Uarta  Gorrie  glacier  to  pour 
more  freely  down  Coire  Biabhach  and  across  the  foot  of  Loch 
Coruisk  to  the  sea. 

The  accumulations  of  boulders,  largo  and  small,  which  occupy 
many  of  the  higher  corries  are  often  scarcely  to  be  separatea 
from  the  screes ;  and  indeed  these  latter,  though  still  receiving 
additions  from  the  steep  mountain  &lo|^)es,  probably  date  back  in 
part  to  Crlacial  times.  The  drift-deposits  pro|)or,  which  run  up 
the  valleys  to  altitudes  of  1,000  or  even  1^00  feet,  and  over- 
spread a  considerable  part  of  the  moors  to  the  north  and  west, 
fall  under  two  distinct  types.  There  is  first  the  hummocky 
di  ift  or  '  kettle  moraine,"  noticed  in  the  last  Annxuil  Summary. 
This  dues  not,  as  a  rule,  extend  far  up  into  the  mountain  tract, 
but  is  found  occupying  the  lower  and  more  level  parts  of  the 
valleys,  and  spreading  over  considerable  areas  of  the  more  open 
country.  Boulders  var3rlng  in  size  usually  compose  the  bulk  of 
the  mass;  they  are  mostly  subangular,  but  rarely  scratched. 
The  second  type  of  drift  is  shar|)ly  distinguisheil  from  tlio  first 
by  the  siiiootli  flowiiiL,'"  oullines  wl)ich  it  imparts  to  the  hills, 
contrast in<,'  with  the  irro_L,nilar  surface,  holding  numerous  tarns 
and  swamps,  which  is  characteristic  of  the  "  kettle  moraine." 
This  smootn-surfiiced  drift  goes  higher  up  the  valleys  than  the 
htunmocky  kind,  occurs  as  a  fringe  to  it,  and  extends  beyond  it 
away  from  the  mountains.  It  sometimes  attains  also  a  greater 
thicKnoss,  exceptionally  as  much  as  100  feet.  In  the  A*alTeys  of 
the  basalt  country,  where  it  is  most  developed,  it  consists  usually 
of  a  reddish  sandy  clay  enclosin«;  small  boulders,  and  some 
larger  ones,  the  latter  often  striated. 

The  distribution  of  the  hummocky  drift  and  the  cir«3umstances 
in  which  it  occurs  support  the  view  that  it  represents  the  material — 
subglacial,  englacial,  and  superglacial — ^thrown  down  by  stranded 
portions  of  fjlaciers  rut  off  from  their  supply  behind  and  melting 
as  they  stood.  The  samtj  supposition  explains  the  absence  of 
moraines  of  rec<i.ssion.  Tlio  largest  area  of  this  "  kettle  moraine  " 
extends  from  Harta  Coire  northward  to  near  Garadubh  on  the 
Portree  road,  a  distance  of  ten  miles.  It  sends  an  arm  westward 
up  the  valley  of  Allt  Dcixrg  M6r  and  another  over  into  the 
Drynoch  valley,  but  these  do  not  extend  &rther  than  a  mile  and 
a  mile  and  a  ralf  respectively.  Its  extension  thus  connects  it 
with  a  late  stage  in  the  sequence  of  events,  when  the  general 
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CuiHin  niovomcTit  of  tho  Slij^nchan  glacier  was  towards  the  north  ;  wliile 
*»i^*^ijr^* i#  \ exaniiiiation  of  tliu  iMHilaors,  as  roinark*'<!  al>ovo,  siiows  that 
(Mr.HAT  er.)  materiai  was  brought  down  during  the  luaxiinum  glaciation, 
whoQ  tho  flow  trended  more  westward.  This  accords  with  the 
snpposod  mode  of  origin  of  tho  "  kettle  moraine/'  and  confirms 
the  vlvvf  that  there  was  no  hroak  between  the  two  stages  of 
glaciation  which  for  convenience  have  been  distinguished. 

Apiin,  there  is  an  evident  connection  hetwcen  the  "  kettlo 
II u )nunc  "  and  the  surface  erratics,  often  of  large  size,  whieh  are 
scattered  over  tho  ground.  These  generally  occur  in  large 
numbers  on  the  hummocky  8iur&^,  but  are  scarcely  found 
beyond  its  limita.  It  is  a  common  observation,  too,  when  a 
hummock  is  exposed  in  section,  that  the  ki^r  boulders  in  it 
occur  towards  the  top. 

Irelaiid 

Wicklow  In  continuing  his  revision  of  the  superfieial  forinalions  in  the 

"jdWexford.  counties  of  Wicklow  and  Wexford,  Mk.  Nolan  has  foimd  that 
(Mr.  N'  Un.)  ^j^^  western  flanks  of  the  gpranite  range  display  much  less  local 
drifb  than  is  found  on  the  eastern  and  northern  sides.  The  hills, 
too,  present  some  diH'erent  features.  There  is  a  general  absence 
among  thoin  of  chffs,  of  deep  and  narrow  valleys,  originating  in 
abrupt  semi-oirr  tdnr  basins  like  tliosc  of  Glonmacnass  and  the 
Moraine  Glen,  and  ( orrics  with  mountaiu  tarns  situated  at  the 
foot  of  loft^'  ^>recipiccs. 

The  dechvities  on  the  western  side  are  much  gentler,  and  are 
covered  with  an  almost  unbroken  mantle  of  moor  and  peat-bog. 
Xor  docs  the  local  drift  usually  attain  such  heights  as  it  does  in 
the  districts  to  the  north  and  east.  In  the  valley  of  the  Liffey, 
south  east  from  Kilbride,  it  seldom  asrcTtds  higher  than  from  9O0 
to  1,000  feet,  rising  to  1,100  in  the  uj)}H'r  j)art.  called  tlie  (ilen  of 
Kippnrc,  and  its  branches.  This  deposit  is  a  windy  boulder-clay, 
almost  altogether  made  up  of  giamte  blocks  and  detritus,  with 
some  of  slate  or  schist.  In  the  Glen  of  Rippnre,  however,  a 
pebble  of  black  chert,  such  as  is  common  m  the  limestone 
gravel,  was  found  at  a  height  of  1,100  feet,  but  it  must  be 
rememborod  thai  ibis  kind  of  drift  occurs  at  a  cfreater  elevation 
on  the  i)ul)liii  mountains,  a  few  niilt's  in  tlie  north. 

A  considerable  spread  of  loc^il  drift  is  again  met  with  at 
Lackan,  some  four  miles  to  the  south  of  Kilbride.  The  physical 
features  of  that  neigh  lx>urhood  are  peculiar.  The  village  stands 
on  the  flanks  of  a  mil  that  forms  tlie  northern  bounckry  of  a 
great  amphitheatre  of  mountains,  of  which  Mullaglideevaun— 
the  .second  liiLrliest  summit  hi  Wicklow  is  tho  cnlniinatinc^ 
height.  The  line  of  elevations  is  continm d  bv  Moanlwine,  tlic 
Black  Banks,  and  the  hills  south  and  west  of  lilackditches  to 
Hollywood,  from  which  a  low  ridge  extends  northwards  to 
Baltiboys.  A  considerable  area  of  low  flat  ground  is  thus 
enclosed,  whicli,  viewed  fipom  the  neighbouring  heights,  apix^ars  to 
be  so  level  a  plain  as  to  have  led  some  observers  to  consiaer  it  as 
marking  the  floor  of  an  ancient  Jake,  porticukrly  as  deposits 
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of  browii  and  leaden-coloured  cakareous  and  tenacious  clay,  Wi.  1 1  nv 

with  fr;v_'Tn<  nts  of  shells,  arc  ocofisionally  mot  with  under  the  j 
local  dritt.  This  latter  ir'Micrally  inakes  Hut  orsliLfhtly  undulating 
groimd,  the  conlral  pun  ions  l)rin<j^  covered  with  peat-bog.  The 
avemge  height  of  the  drill  here  is  about  700  feet,  but  it  rises  to 
1»000  feet  at  "The  Lodge"  in  the  small  valley  to  of 
Lackan. 

Southwards  of  this  district  to  the  foot  of  the  hills  that  stretch 
westward  from  Wicklow  Gap,  the  drift  has  l>e€n  noted  by  Mr. 
Nolan  only  in  occasional  patches,  the  ground  being  roclty  or 
rnoory,  and  strewn  with  numerous  granite  blocks.  At  Loekstown, 
however,  it  forms  a  remarkable  terrace  of  granite  detritus  29  feet 
hiffh  and  extending  for  nearly  a  mile  north-westward  along  the 
vuley  of  the  Kind's  River. 

The  comparatively  low-ljing  and  cultivated  country  to  the 
west  of  all  tnis  district  is  mainly  covered  with  limestone  drift  of 
the  same  kind  as  that  which  prevails  on  the  eastern  side  of  the 
grauilo  chain  and  generally  over  this  part  of  Ireland. 

Although  rock-corries  form  no  usual  or  conspicuous  part  of  the 
scenery  on  the  west  of  the  granite  range,  mention  must  be  made 
of  a  remarkable  one  at  Mullaghdeevaun,  where  a  moimtain 
occupies  a  central  position  on  the  granitic  highlands.  The  corrie 
is  situated  close  to  the  summit,  under  precipices  that  face  to  the 
north-east.  This  deep  nnd  lonely  hollow  contains  a  small  tarn 
called  Oleevaun  Lougri,  the  waters  of  which  are  dammed  up  on 
the  outer  side  by  a  mass  of  local  blocks  and  debris,  forming  a  small 
semicircular  rioge.*  Its  position  at  a  height  of  2,244  feet  under 
clifiis  that  tower  500  feet  above  is  remarkable  as  testifying  to 
the  thickness  of  the  ice-sheet,  which  must  have  covered  even  the 
highest  of  the  Wicklow  Mountains. 


Eeoent. 

It  is  seldom  that  any  novel  features  of  interest  or  importance 
have  to  be  reported    regarding  the  more  recent  geological 

formations  encountered  by  ihti  (Jeologiral  Survey.  Last  year 
progress  was  made  in  mapping  the  marine  terraces  in  the  south 
of  England  and  along  the  western  and  uorth-ea.stern  coast-line  of 
Scotland.  The  superficial  accumulations  m  the  southern  non- 
glaciated  part  of  England  were  further  mapped,  and  the  peat- 
mosses in  central  England,  the  north-west  ot  Scotland,  and  the 
east  of  Ireland  were  likewise  traced  on  the  laisenScale  maps. 

Taking  the  south  coast  of  ( .rnwnll  from  Falmouth  as  a  centre,  Comnwall. 
Mk.  Hill  has  traced  trequt/nt  marine  terrares  between  ( Jerrans  ^^^j* ^' 
Bay  and  Heli'ortl  Uivei-,  ot"  wliit  b  pci-hap.s  the  bust  cx.aniplc  is  the 
raised  beach  of  Tendower  in  Clerrans  Bay,  A  distinctive  feature 
of  these  terraces  is  to  be  found  in  the  compactnoss  of  the 
material  of  which  some  of  thera  are  composed.  It  is  often  so 
cemented  together  by  iron-oxide  as  to  simulate  the  appearance 

♦  Thia  little  moraine  hius  becu  already  noticed  by  lie  v.  M.  U  Clase. 
Journal  Bay,  OeU.  Society ^  Ireland^  toL  t.  iN&rt  1,  p.  74L 
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("ornwall.  of  soniG  of  tlio  oldor  Cfoological  formations,  and  in  some  districts 
(Mr.  J.  B.  it  has  served  the  ])ur]K)80  of  buildinu^-sluiie.  Even  on  the 
***^*'  coastr-Iino  whore  the  Wj 


coastr-Uno  whore  the  l)  caches  arc  absent,  a  tiny  fringe  of  gravel 
is  often  prefierved.  It  m&y  be  observed  running  along  some  of  the 
st<  ei>Lr  cli^,  its  preservation  being  obviously  due  to  the  durability 
of  the  cementing  material,  which  has  not  only  held  the  particles 
together,  but  has  finnly  bound  the  gravel  to  the  rock  on  which 
it  rests.  The  upheaval  which  has  left  these  terraces  in  their 
})resent  position  ha,s  i»t"tcii  materially  changed  the  geograpliii-al 
ieatures ;  for  instance,  the  present  j)eoinsula  of  St.  Anthony, 
above  two  miles  in  length,  was  before  the  uprise  an  island*  as  is 
demonstrated  by  tbe  deposits  of  sand  charged  with  marine  shells 
on  the  neck  of  the  peninsula. 

These  raised  beaches  are  often  overlain  by  the  material  which 
has  long  been  known  in  Cornwall  and  to  geologists  generally  as 
*•  head."  This  deposit  is  sunietimes  stratiHed,  and  uiay  contain 
beds  of  fairly  rounded  gravel ;  more  often,  however,  the  tendency 
to  stratitication  is  but  slight,  and  the  deposit  presents  an  irregular 
accumvdation  of  stones,  mostly  angular,  occasionallj^  sub-angular. 
Such  an  accumidation  is  made  un  of  material  similar  to  the 
ordinary  sub-soil  of  the  district,  li  this  sub-soil  were  transported 
from  hfgher  to  lower  levels  it  woukl  j^robably  form  a  aeposit 
similar  to  the  so-called  *  head,"  which  otten  merges  so  gradually 
into  the  sub-soil  as  not  to  be  separable  from  it. 
Donet.  Much  of  the  ground  where  the  Chalk  rises  to  the  surface  is 

Hinxman.)  covered  with  a  deposit  which  has  long  been  known  under  the 
name  of  "  clay-with-flints."  In  recently  revising  the  maps  of 
Dorset,  Mr.  Hinxmax  has  found  that  the  greater  portion  of  the 
high  chalk-plateau  whieh  extends  on  cither  side  of  the  Frome 
valley  is  covered  with  n  <k'])osit  of  orange  or  red  clay,  veiy  stiff 
in  the  lower  portion,  but  pulsing  into  a  brownish  loam  near  tho 
surface.  This  deposit  rests  irregularly  on  the  surface  of  the  chalk, 
and  varies  from  a  few  inches  to  6  or  8  feet  in  thickness,  with  an 
average  depth  of  about  2A  feet.  It  is  always  more  or  less  filled 
with  angular  chalk-tlints  irregidarly  disposed,  though  here  and 
there  a  parallel  arrangemoTit  of  them  can  bedet<Kti d.  The  np]>er 
portion  of  the  clay  often  become.'^  Loavolly,  from  the  admixtiue  of 
rounded  pebbles  o? Hint, jasper,  veiu-cpiartz,  and  uuartzite.  These 
materials  havo  no  doubt  neen  derived  from  tne  waste  of  tho 
Bagshot  Gravels.  Small  deposits  of  sand  and  gravel  are  also 
found  in  several  places,  occupying  shallow  pipes  or  basiiLs  in  the 
clay.  The  clay-with-flints  shows  no  evidence  of  glacial  action, 
and  must  be  regarded  as  a  rrwanif^  deposit  derived  from  the 
wa.ste  of  the  Chalk  and  overlving  Tertiary  sands  and  gravels. 

In  the  Bristol  Channel,  owing  to  the  great  vertic^^il  range  of 
the  tides,  large  tracts  of  low  land  are  laid  bare  at  low  water,  and 
these  are  more  or  less  deeply  coated  with  the  silt  and  mud  carried 
^^j"^**^***""  down  into  the  estuary  by  tlie  Severn  and  other  st  reams.  During 
St^ahsn.)  ^®  year  considerable  tracts  of  such  tidal  alluvium  have  been 
njip|)ed  along  the  coast  (»fvSouth  Wales.  Some  of  these,  such  as 
Aberavan  Marsh,  lie  bchmd  the  sand  dunes  and  must  be  of 
considerable  antiquity.   Tho  tract  in  front  of  Aberavan  has  been 
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l^rtifictally  drained;  some  sections  at  the  east  end  were  (los(  ri!  <  1  soathWalcii. 

in  the  Annual  Report  for  1896  (p.  84,  Port  Talbot).   The  Neath  j:^^^,,^ 

is  tidal  as  far  up  as  Aberdulais  and  its  alluvium  consists  of  blue 

CvStuftrine  clay  used  for  brickmakinir    The  river  cscajx^sto  the  sea 

at  Briton  Ferry,  but  there  is  an  c<in.illy  i^ood  outlet  for  it  alonpc 

the  alluviui  liat  ou  the  west  side  ui  the  Pennant  hill  of  Coed 

yr  larlL   As  recorded  by  Mr.  Codbington*  the  rock  was  reached 

at  Neath  at  a  depth  of  52  feet  below  clay,  peat,  and  gravel,  and 

in  the  piers  of  tlie  Rhondda  and  Swansea  Bay  llailway  Bridge  at 

depths  of  28  to  56  feet  below  low-water  mark,  the  material  here 

bcmg  partly  alluvial  and  parti}'  of  glacial  orii,nn. 

From  the  mouth  of  the  Neiith  to  that  of  tin;  Tawe  the  .shore  is 
bordered  by  the  ran^c  of  sand-dunes  known  as  the  Crymlyn  Bur- 
rows, behind  which  is  enclosed  another  marsh  a  quarter  of  a  mile  in 
width  at  Jersey  Marine,  and  extending  two  miles  inland  in 
CTiymlyn  Bog.  A  borehole  put  down  near  high-water  mark  at 
a  point  south  of  Halfway  House  reached  the  rock  at  a  depth  ot 
58  feet  nft*  r  passing  through  40  feet  of  sand  underlain  by  some 
clay  and  gravel. 

The  Crymlyn  Burrows  are  growing  seawards  in  their  western 
part  by  the  formation  of  new  low^  dunes  south  of  the  high  water 
mark.  The  Baglan  Burrows  are  spreading  south-westward  in  a 
similar  manner,  but  the  Aberavan  Burrows  have  been  newly 
breached  by  the  wind  here  and  there  in  a  manner  which  suggesto 
that  thev  are  perhaps  rctrt  alinuT  landward. 

A  well-marked  nver-terraco  forms  tin}  ground  on  which  the 
southern  end  of  Bridgend  is  built.  It  exten<ls,  with  only  one 
break  at  Coitv  Brook,  on  the  left  bank  of  the  Ogmore  from 
opposite  Angeltown  to  near  Merthyr  Mawr.  Others  occur  higher 
up  the  stream.  The  Vale  of  Neath  contains  a  series  of  "  fans  "  of 
gravel,  brought  down  from  the  deep  drift-laden  cwms  on  either 
si  tic  of  the  valley  and  spread  out  as  d(>lfns  on  the  alluvial  tint 
below.  Almost  every  fan  has  been  utilised  as  a  building  site.  One 
of  the  largest  is  occupied  by  Resolven. 

Reference  has  already  been  made  to  some  of  the  higher  raised 
beaches  on  the  coast  of  Scotland  which  were  formed  during  the 
later  part  of  the  Ice  Age.  The  most  con.<^}  )i(  -nou.s  of  these  are  the 
100-feetand  50-feet  beaches,  both  of  which  play  an  im|x>rtant  part 
in  the  roast  scenery  of  the  coimtry.  liesidcs  these,  however, 
other  terraces  occur  at  lower  levels  and  also  form  jironnnent 
features  along  many  parts  of  tin  .sna-lMmrd.  Nowhere  are  they 
more  strikingly  di.s^ilayed  than  in  the  Uisiii  of  the  Firth  of  Clyde. 
During  last  year  Mk.  Gunn  traced  the  25-feet  beach  as  a  narrow  Armn. 
terrace  along  the  north-west  and  north  coasts  of  the  island  of  ^^'i*' ^<**^<'-l 
Arran,  sometimes  as  a  platform  of  sandy  and  gravelly  .sedimont. 
elsewhere  only  a  shelf  cut  out  of  the  rocks  and  t  ivldcd  with  old 
sea-stacks,  as  at  iinachar.  Here  and  there,  as  at  the  vSrriodan, 
nttir  the  nortli  end  of  the  i.sland,  the  terrace  is  obscured  by 
landslips.  Generally  a  marked  rocky  clift'  rises  at  the  buck  of 
the  terrace,  in  which  caves  are  frequent  Little  evidence  of  the 


*  ^ttorl.  Jomm,  Geol,  Soe^  toL  Ht.  p.  264  (1888). 
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\rr.u\.        higher  benches  is  observable  along  thus  coast  except  near  the 
(Mr.  Ciunn.)  mouths  of  some  oi'  the  st  roams,  as  at  hodiranza.  (  Vtacol,  and  at 
lorsawaterfoot.     The  lOO-lect  Ix'adi  is  viTv  conspicuous  at  the 
last-naniuii  place.    Several  other  marinu  terraces  may  also  be 
observed  intermediate  between  it  and  the  25-feet  beach. 

AixyllsliiTe.      On  the  Argyllshire  coast  similar  phenomeuu   iiave  been 
(Mr.  Syme«.)  observed.   Raised  beaches  have  been  admirably  preserved  in 
many  of  the  fiords  and  glens.   At  Kilmelfort  these  terraces  cover 
a  considerable  area,  the  100-feet  beach  being  well-marked 

among  them.  Some  of  the  bea(;hes  contain  abundant  marine 
shells,  as  on  Kasdale  island.  Aq-ain,  a  large  aive,  witli  t  wo  exits, 
has  l>tH?n  found  on  Eilean  nan  Caorach,  an  islet  in  the  Sound  of 
Lome  about  ten  miles  to  the  south-west  of  OUin,  where  the  floor 
is  covered  with  a  stalagmitic  incrustation  and  numerous,  shells. 
For  some  ^ears  past  attention  has  been  directed  to  the  caves  in 
the  line  of  old  sea-diti's  at  the  inner  margin  of  the  terrace  on 
which  the  lower  part  of  Oban  is  built.  A  new  recess  or  rock- 
shelter  of  this  kmd,  which  was  opened  last  year  near  to  the 
railway-station,  was  found  to  have  on  its  tloor  an  accumulation  in 
which  bones  of  birds  and  other  animals,  shells,  ashes,  and  pieces 
of  flint  were  found. 

While  mapping  the  Loch  Luichart  and  Easter  Ross  district 
(Mr.  Pmeh.)  PjBACH  had  occasion  to  observe  the  action  of  some 

of  the  rivers  in  carrying  down  and  spreading  out  their  alluvia. 

The  various  roek-liasins  of  that  part  of  the  country  are  being 
rapidly  tilled  up  by  the  amount  ot  detritus  annually  poured  into 
them.  AmoncT  tlie  streams  the  River  Bran  may  be  singled  out  as 
having  playecl  a  double  part.  On  the  one  hand,  at  the  lower 
end  of  Loch  C'oulin  it  has  cut  down  the  barrier  and  lowered 
the  level  of  that  sheet  of  water  so  as  to  isolate  &om  it  Loch 
Achanalt,  which,  as  shown  by  the  alluvial  terraces  on  the  present 
barrier  was  obviously  once  connected  with  it.  On  the  other  hand, 
at  the  upper  end  of  Lot  h  Coulin  iho  river  has  silted  u])  tlie  lake 
and  has  spread  out  the  great  alluvial  plain  which  stretchrs  for 
some  milos  to  the  west.  A  mnsiflerable  alluvial  plain  surrounds 
the  head  of  Loch  Luichart,  fonnod  of  seiliment  principally  brought 
down  by  the  Grudie  Water.  The  main  branch  of  the  Bran,  or 
Conon,  as  it  is  here  called,  issues  from  Loch  Coulin  filtered  and 
almost  free  from  sediment.  At  the  head  of  Loch  (^arve  a  wide 
plain  of  alluvium  has  been  formed  by  the  Black  Water  which  is 
tast  tilling  up  the  lake.  Tn  a  lower  part  of  its  r-onrse  tlie  same 
river,  by  cutting  the  gorge  in  which  tne  fails  of  Kogie  occur,  haa 
considerably  lowered  the  level  and  diminished  the  area  of  Loch 
Garve.  The  successive  shores  of  the  lake  while  it  was  being 
drained  and  the  ravine  was  being  dce]Kued  are  marked  by 
beach-deposits,  which  reach  down  to  the  top  of  the  goi'ge. 

'^'^N  T        ^  important  feature  in  the  recent  revision  of  the  Geol<^cal 
(Mr.  Moian.)  gurY^^.y  n,aps  of  tlie  East  of  Ireland  hjis  been  the  mapping  of  the 
ar(;as  of  jioat  whi(;h  were  not  originally  rejiresented  on  the  maps. 
The  r)iit1in(  s  of  th'^  oxtcTisivo  mantle  of  peat  that  covers  so  nuieh 
of  the  Wicklow  Aiountains  have  now  been  completely  traced  by 
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Mr.  Nolan.  This  irregular  tract  extends  from  Killakee  Moun-  wicklow. 
lain,  in  the  vicinity  of  Dublin,  to  Lough  Nahanagan  near  (M^.  Nolan.) 
Glcndalough,  a  distance  of  14  miles,  having  an  average  width  of 
froiu  (i  to  7  miles,  lis  general  character  was  described  in  tlie  last 
Summary  of  Progress,  Peftt-bog  again  appears  capping  the 
cHfifo  that  rise  steeply  over  Lough  Naliamigan  on  the  south,  and 
extend  north-westwards,  forming  the  southern  boundary  of  the 
upper  part  of  the  valley  of  the  King's  River.  The  pent  is  often 
lO  or  12  feet  thick,  hut  it  has  h<M:^n  much  denuded  and  present.^  a 
ra^ed  surface.  It  covers  the  flat  top  of  tlie  mountain  behind  the 
cliiis,  and  also  extends  westward  by  the  head  of  the  V^alleys  of 
Glendalongh  and  Glenxnalure  to  the  Tahle  Mountam  at  an 
average  elevation  of  2,200  feet. 

The  flat  bogs  aie  of  no  groat  extent;  the  chief  of  them  has  boen 
already  referred  to  as  occupying  the  centre  of  the  plain  5;outh  of 
Lackan.  This  l)Og  consists  of  two  main  portions  liaving  a 
combined  length  of  two  and  a  4uarter  miles  by  an  average  width 
of  one  mile.   The  turf  is  much  used  for  fuel 


New  JtlAILWAY-CUTTINQa 

The  cuttings  made  for  lines  of  railway  often  supply  invaluable 
evidence  to  the  geological  surveyor.  But  unless  visited  soon 
after  being  opened  tliey  are  apt  to  l>c  earthed  over.  so\vn  with 
grass,  or  otherwise  obscured,  uidess  where  they  consist  of  rocks 
of  sufficient  durability  to  retain  a  vertical  face.  (Consequently,  it 
has  been  the  practice  of  the  Geological  Survey  to  examine  such 
excavations  during  their  progress  or  soon  after  their  completion, 
and  to  take  advantage  of  them  for  future  maps  or  tot  the 
revision  of  already  published  sheets.  It  is  desirable  that  a  record 
should  he  kept,  for  public  use,  of  all  sncli  new  artificial  sections, 
and  It  is  proposed  to  publish  notes  of  them  from  time  to  time  in 
the  Annual  Sumriuny  of  Profjrfss  of  the  Gcnlogii  al  Survey. 

During  last  year  a  luunber  of  new  lines  of  railway  have  been 
in  course  of  construction  in  different  parts  of  the  country.  Their 
cuttings  have  been  examined  by  members  of  the  stfuF  of  the 
Survey  and  the  following  notes  of  the  sections  have  been  prepared 
by  them. 

Great  Wrsfr  rn  R<t  ilrvny. — This  railway  company  is  now  engaged  (Me.«8i-8. 
in  making  a  more  direct  route  to  Exeter,  by  Newbury  and  the  ^^BiJJSjt ) 
Valo  of  Pewsey.    The  cuttings  along  this  new  line  from  Stert 
near  Devizes  to  Westbury  in  Wiltshire,  have  been  examined  by  * 
Mb.  Woodward  and  Mr.  Bennett. 

To  the  east  of  the  Glock  Inn  at  Stert  a  cutting  showed  the 
Gault-clay  overlain  by  an  irregidar  and  not  persistent  deposit 
of  chalky  clay  or  marl  from  .3  to  H  fei  t  thi(^k,  rarely  as  mneli  as 
10  feet.  This  deposit  was  in  plaecs  eovered  witli  stitV  hrown  or 
grey  clay.  Usually  the  base  of  this  .surface-aeciunulation  was 
formed  of  a  rubble  of  chalk  or  of  rounded  clialk  stones,  occasional 
bits  of  flint,  fragments  of  Upper  Greensand,  and  grey  wether.  In 
some  places  there  was  a  marly  deposit  without  any  sioni  s.  while 
in  others  the  cutting  showed  simply  a  white-washed  clay,  the 
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(Mosare.  joint-snrf;u;es  and  crnrks  in  the  clay  hcnvj;  coated  with  carbonate 
ni**"^    of  Hmu  derived  i'roiii  adjacunt  or  iuriiu  rly  overl^nni:^  fle|)Osit.s  ot 

*n        ett.)  Occasional  land  and  freshwater  inolhusui  were  met  with. 

Accumulations  of  this  nature  occur  here  and  there  all  the  way 
from  Stert  to  East-  Goulston ;  at  the  last-named  locality  the 
marly  deposits  rest  on  the  Kinieridgo  Clay.  For  tin-  most  part 
they  may  be  looked  upon  simply  as  relies  of  the  denudation  of 
the  Chalk,  Upper  GnM  nsaiid,  and  Cault.*  The  railway-cuttings 
showed  that  tliey  orcuv  as  patches  er  pockets  in  old  hollows,  and 
the  fact  that  much  of  the  material  lias  been  decalcitied  renders  it 
impossible  to  map  such  a  soil  with  any  approach  to  accuracy. 
The  character  of  the  land  has,  however,  been  &:rcatly  modifiea 
between  Stert  and  Patiiey,  and  lietween  Etchilhampton  and 
Wedbampton,  where  this  irregular  dayey  soil  overlies  tne  Upper 
Green  sand. 

In  the  cutting  south  and  south-east  of  the  Clock  Jnn  at  Stert. 
the  stiff  Gan It-clay  was  to  be  seen  pjissuig  upwards  into  somewhat 
sandy  and  dark  greenish  clay — the  passage-bods  into  the  Upper 
Greensand.  Between  Marsh  Farm  and  Ruddlebats  Hanging  the 
cutting  showed  stitf  Gault-day.  Further  on  to  the  west  of 
Sparrow  Cottage  and  for  some  distance  the  railway  traverses 
slipped  mas<;os  of  (^anlt  and  Upper  Greensand,  and  the  scarp 
above  shows  a  great  shppi  d  mass  of  Greensand.  A  little  tract  of 
Upper  Greensand  has  been  cut  through  at  Fiddington  Farm. 

Further  south  the  railway  crosses  the  Ganlt  north  of  Littleton 
Paunel  and  Great  Cheverell.  North-east  of  Home  Fann  a 
cutting  shows  the  Gault-clav  with  ferruginous  base,  resting  on  tho 
Portland  Sands.    Elastward  tho  Gault  is  covered  here  and  there 

with  the  irregidar  chalky  Drift  and  debris  of  Upper  (irecnsand,  to 
wliich  reference  has  been  already  made.     Westward  the  Portland 

Sands,  comprising  green,  yellow,  and  buff  sands,  have  been  opened 
up  to  a  depth  of  15  or  20  feet.  No  jvnietion  with  the 
Kimeridge  Clay  was  laid  o|)en.  The  clay  has  been  exposed  in  the 
shallow  cuttings  north  of  I'ast  Coulston. 

To  the  soulh-ciist  of  Lower  liayntou  Farm  the  Kimeridge  Clay 
is  covered  wth  a  patch  of  stiff  chalky  clay  or  marl,  while  bv  tho 
stream  north  of  East  Coulston  there  Is  a  local  deposit  of  fine 
chalk  gravel,  with  occasional  fragments  of  greywether.    In  a 

subsequent  examination  Mr.  Bknnett  observed  that  near 
Brat  ton  a  long  cutting  has  been  excavated  in  the  Gault,  sur- 
mounted in  places  by  8  or  10  feet  of  chalk-rubble  and  flint- 
gravel  ;  and  tnat  this  snperliciul  chalky  drift  occurred  on  the  low 
pounds  opposite  to  the  vallevs  at  Tinhead  and  Bratton,  whence 
It  had  evidently  been  derived. 

South  Wales  Direct  Railway. — The  cuttings  on  this  new  line 
have  been  examined  by  Mr.  H.  B.  Woodward.  The  Railway 
diverges  from  tho  old  main-line  of  tho  Great  Western  Railway  a 

♦Iti.s  (juite  iMj.s3ible  tliat  some  of  the  chalk-nibblo  is  a  relic  of  former 
agricultural  operations.  In  old  times  it  was  not  unuaual  to  ])ut  1€0  eart> 
loiuis  of  clialK  on  an  acru,  o]i  hoth  sandy  and  clayey  lands.  Davis, 
Agriculture  of  Wilts,  17i^4,  pp.  63-65. 
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Cjuarter  of  a  mile  west  of  Wootton  Bassett,  and  extends  for  a  (Mr. 
(listanco  of  about  28  miles  to  Patch wav,  south-cast  of  the  Severn  Woodward.) 
Tunnel.  In  a  deep  cutting  which  traverses  Hunt  Mill  Lane 
near  Wootton  Bassott  rubbly  coral-limestones  and  clnvs  of  the 
UpjMjr  C'oralliaii  dip  southwards  at  a  ronsideral)]^'  angle  and  aw 
overlain  by  dark  bluu  Kimeridgo  Clay.  No  evidence  of  tlu'  taiilL 
(shown  on  the  Geological  Surrey  map)  was  here  observed,  but 
the  cutting  was  &r  from  clear  owing  to  debris  covering  the  slopes. 

On  the  western  side  of  Hunt  Mill  Lane  thwru  is  a  deep  culling 
in  the  Oxford  Clay;  and  a  simikur  cutting  south-east  of  WhitehiU 
Farm  shows  Oxford  Clay  with  lai^e  s{x)cimens  of  Oryphcea 
diUttata.  The  next  cutting  on  either  side  of  the  main  road 
north  of  Dovey's  Farm  is  also  in  Oxford  Clay. 

In  the  neighbourhood  of  lirinkwortli  several  cuttings  have  been 
made  in  stiff  uTey  clay  and  slialt  s  witb  coTncnt->(nne«  belonging 
to  the  Oxford  Cmy ;  covered  here  and  there  wiih  two  or  three 
foot  of  clayey  soil  with  flints,  mostly  subangular  and  angular. 

This  surface- Driix  was  well  shown  to  the  south-wist  oi 
lirinkwoi  tli.  where  it  occurs  at  a  hwight  of  about  250  feet  or  more 
alMJve  sea-level,  but  not  more  than  about  30  feet  above  the 
Brmkworth  Brook.  It  is  evidently  a  low-plateau  gravelly  drift, 
but  it  has  no  connection  with  the  present  stream.  The  valley- 
gravel  which  occurs  further  west  on  the  l)orders  of  the  River 
Avon  is  an  oolitic  gravel,  made  np  lar^i^rly  of  rolled  and  flat  oolitic 
stones.  The  higher  drift  is  almost  entirely  if  not  wholly  an 
angular  flint-drift. 

Mr.  Woodward  picked  up  live  stonos  which  appeared  to  him 
to  resemble  tho  Loliths  obtained  iVom  the  plateau-gravel  at 
Alderbury  Hill  near  Sahsbury.  These  were  sent  to  Dr. 
Blackm QBE,  who  writes, "  Three  are  undoubted  Eoliths,  which  I  can 
match  from  Alderbury  and  other  locaUtiea*' 

South  of  Little  Somerford  no  cuttings  were  opened  in  the 
eround,  but  it  is  of  a  clayey  nature.  West  of  the  road  leading  to 
Great  Somerford  four  feet  of  sand  were  exposed  in  a  cutting  just 
commenced,  and  this  sand  no  doubt  belongs  to  the  Kellaways 
Beds.  Evidence  of  this  group  had  been  previously  obtained  at 
the  adjacent  Ceni*'tory.* 

On  the  west  side  of  the  liiver  Avon  and  south-eaKt  of  An- 
grove  Cottages  tbo  rail  passes  over  three  or  four  feet  of  alluvial 
loam  resting  on  oolitic  gravel,  with  flat  pebbles  of  hmcstonc, 
etc.  To  the  north  and  north-east  of  Bincombe  Wood,  south 
of  Corston,  a  cutting  about  20  feet  deep  displayed  clay  with 
septaria  overlain  by  10  to  20  feet  of  sandy  and  loamy  lx)ds,  all 
belonging  to  the  Kellaways  division.  From  the  clays  Mr. 
Woodward  obtained  A  tnincnitea  Kopnirfi  A.  grnr^  ri((nics, 
Cardium  and  other  lamel  libra  nebs,  and  selt:uite.  No  doiri^^ors 
were  seen  in  the  sandy  KellawaA's  Ikds.  The  Cornbrash  was 
exposed  east  of  Kingway  Bam.   From  the  west  of  Kingway  Bam 

*  Memcnr  on  Juraaac  Bocks  of  Britaiii,  ^ol.    p.  30. 
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I M  t .  to  about  half  a  mtlo  west  of  Hmdtield  Farm,  north  of  Hullavington, 

WoodwanL)  excollent  sections  of  the  nihhly  Cornbrash  were  exposed  to  a 
depth  of  from  live  to  ten  feet.  West  of  the  (lanze  Jirook  the 
Cornbrash  was  seen  to  overhe  12  foot  of  bhie  clays  helon^-inu:  to 
the  Forest  Marble,  and  these  clays  wore  exjxibod  hero  and  llierc  on 
the  slo|xis  bordering  Gauze  Brook  and  in  the  valley  a  littlo 
further  east. 

To  the  south  of  Norton  a  cutting  was  uiado  in  the  Forest 
Marble  clays  with  some  stone-beds,  sands  and  doggers,  the  whole 
inclined  gently  towards  the  east 

Adjacent  to  the  road  from  Townleaze  Bam,  20  feet  of  shales 
with  layers  of  sandy  limestone  exhibiting  track-marks  were 
exposed.  Across  the  belt  of  Forest  Marble  the  cuttings  were  few 
ana  of  littlo  interast.    To  the  south-west  of  Furleaze  Farm  the 

soil  is  a  red  and  brown  brashy  clay. 

South  of  Cn-arn  Corse  thin  sandy  liTiicstone  and  clay,  and 
south-west  of  Low  Hani  <^rcv  clav  and  sholly  oolitic  limestone,  were 
to  be  seen.  On  the  west  side  uf  tb.o  road,  l)ctAvccn  Alderton  and 
**  Elm  and  Ash,"  a  shaft  was  sunk  oU  feet  mainly  in  stiti"  grey 
clay.  Thenoe  to  Acton  Turville  and  about  half  a  mile  west  of  the 
village  there  were  occasional  indications  of  clay,  thin  sandy 
lim^tone,  an  1  oolitic  and  shelly  limestone  belonging  to  the  Forest 
Marble.  Here  and  there  a  swallow  hole  has  been  noted  on  the 
Ordnance  inajis,  where  the  surface-water  is  conducted  throni^h  a 
thin  capping  of  Forest  Marble  into  the  underlying  Groat  Oolite. 

A  tunnel  about  2  J  miles  in  length  is  in  course  of  construction 
through  the  Cotteswold  Hills  between  Acton  Turville  and  Old 
Sodbury.  This  tunnel  traverses  the  strata  from  the  base  of  the 
I'orest  Marble  to  the  u]ipcr  portions  of  the  Lower  Lias.  Seven 
shafts  have  been  sunk  along  the  line  of  the  timnel,  and  much 
water  was  encountered.  The  following  details  of  the  water  found 
in  these  sinkings  were  communicated  oy  Ms.  W.  Greqobt: — 

Shaft  ilTo.  1,  north  of  Newhouse  Farm,  through  base  of  Forest 
Marble  into  Oreat  Oolite.  Depth  1 11  feet  3,000  gallons  of  water 

per  hour. 

Shajt  No.  2,  siouth-east  of  Lyegrove  Farm,  throii<?h  Great  Oolite  into 

Fuller's  Karth.    l)t'|)th  148  feet.    350  gallons  per  hour. 
Shift  No.  3,  .south  of  l.,ycgrove  Farm,  through  Great  Oolite  and 

Fuller'}}  Eartli  probably  into  Inferior  Oolite.   Depth  194  feet. 

3,00()  gallons  per  hour. 
Shnff  No.  4,  soutii-wo>!  (if  T.yef^rnvc  FarTn,  through  Fuller's  Earth 

into  inferior  OoUte.    Depth  -^24  feet.    1,000  gullons  per  hour, 
l^ft  No.  5,  cast  of  Plough  Farm,  near  the  Cross  Hands,  through 

Full.  I  S  lilarth  and  Inferior  OoUte.  Depth  863  feet  8,000  galions 

iicr  hour. 

ShOift  No.  6,  west  of  Plough  Farm,  through  Inferior  Oolite  and 
Cephalofxida-bed  into  Cotteswold  Sands.  Depth  281  feet  10,000 

};iill<«ns  j»er  hour. 

Shaft  Nu.  7,  Old  Sodbury.   Through  Mid<lle  Lia.H  into  Lower  Liaa 
clay.   Sno  gallons  per  hour. 

The  C't-'phalopotlii-lR-d,  jxjrtions  of  which  were  brought  up 
from  the  shafts  near  the  Cross  Hands,  was  richly  fossillferous, 
and  it  presented  its  characteristic  iron-shot  character.  Two 


Digitized  by  Google 


NEW  RAILWAY-^TUrnNOS.  191 

samples  w(>re  examiDedby  Dr.  W,  Pollard  and  found  to  contain 
in  one  instance  15*88  per  cent,  of  metallic  iron  and  29'8  of 
silica,  and  in  tho  other  sample  17  9(i  ot  iron  and  7*9  of  silica. 

A))inoonite9  hifrons  var.  hiUlensis,  and  A,  striatidus  wore 
obtained  from  the  lower  strata  in  Shaft  No.  6. 

On  the  slo{)e.s  west  of  Shaft  No.  6  the  sandy  loams  of  the 

Middle  Lias  were  exposed.  A  brickyard  north-west  of  the 
Village  Farm  showe(f  stiff  grey  Lower  Lias  clays  with  some 

{>oorh' prcKcrvcd  A  rnmon  ifrf^.  Jiclcnm  ites  pen  icIUafus-,  and  also  a 
argc  spi'ciiiK'n  o(  Iiiocfrmiiiis  rpnifricosns  (undulatid  variety). 
The  clays  pru I wbly  belong  to  the  zone  of  Awrrion  iii  s  Jaucesvn  i. 

From  tins  point  onwards  to  I'atclnvay  tljr  <  uttmirs  were  visited  (MeaaM. 
a  st'cMul  tiiiio  bv  Mr.  Woodwakd,  and  on  this  occasion  in '^2^^''^  , 

coni])aMy  \\\ih  Mh.  Stuahan.  ' 

South  of  Colts  Cirovo  a  cuttin<^  showed  a  sliglitlv  fnu  tured 
anticline  in  tho  dark  shales  and  clays,  with  a  few  thin  bands  of 
limestone  and  nodules  belonging  to  the  zone  of  Ammonites 
«en\ieo»tatiw.  Gryphxea  artmafu  occurred  here  and  some 
septaria,  l)Ut  with  the  exc^eption  of  A.  s&mieostatvs  few  fossOs 
wore  to  be  seen.  The  strata  have  but  a  yeiy  gentle  dip  east- 
wards. 

South-east  of  Chipping  Sodbury  the  cutting  (18  feet  dcop  in 
places,  but  about  to  be  con.siderably  deepened)  showed  iKiieath 
the  clays  with  A.  seinicotitdtas,  ahont  ten  feet  of  rubbly  liniesloncs 
belonging  to  the  zone  of  Amiyumites  Jiucklaiidi,  and  pelding 
Ammonttes  Conybeareit  Limn  y  ixja  n  tea  (abundant),  and  Qryphasa 
arcuata  (rare).  The  beds  dip  eastwards  at  4*  and  rest  on  clays 
with  occasional  limestone-bands,  the  basement  portion  of  which 
comprises  scvrral  bands  witli  Ostrpft  liasMica,  rl^aromya,  etc., 
representing  the  Ostrea-beds  of  the  zone  of  Ammoniteaplanorbia, 

The  strata  have  been  thrown  into  gentle  undulations.  The 
gentjral  section  of  the  strata  is  as  follows : — 

Lower  Lia^.      Ostrea-beds.  Ft,  in. 

Pale  grey  compact  nnd  shelly  Umestone,  with  small 

LintOf  Modiola,  and  other  bivalves  -      -      -      -  1  6 

Brown  and  grey  clay   04 


Rluetic 
Beds 


Cothain  stone 


0  2 

to 

0  6 


Qrey  highly  calcareous  marls  and  marly  Knifistones  seen 

to  depth  of  12  0 

Black  shalea  with  Ainada  contortUy  Cardium  rftteticum^ 
and  Modiola. 

("Io.se  to  Lilliput  Farm  a  thick  mass  of  liard  Carboniferous 
quartz-grit  with  ocea.sionfd  pobblt  s  was  fomid  to  project  a(  the 
baiio  of  tho  railway  with  tlio  hluvk  (Kha  tie)  shales  biuiked 
against  it  and  overspreading  it.  The  grit  •lips  westwards  at  an 
angle  of  about  40".  West  of  iho  road  by  Lilliput  Farm  the 
Carboniferous  Linnstniic,  with  the  same  dip,  has  been  d«'eplv 
excavated.    It  includes  bands  of  shale  and  thick  beds  of  grit 
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(Mowini.       Ukr  tlint  Just  mcist ioiud,  and  which  could  not  have  bueu  dis- 
Wj***"*^  tinguishi'd  from  Mill.sluiic  (Irit  hut  for  tho  fact  that  thoy  arc 
*  mtcrbcdded  with  a  dark  ooHtic  hniestoae  and  ovcrlaiii  by  mui>ijivti 

light-colourcd  limestone* 

Those  Carboniferous  Rocks  form  the  top  of  a  crag  which  has 
been  buried  in  Triassic  sediments  and  subsci^ucntly  revealed  by 
denudation.  The  continuation  of  the  cutting  exhibits  the 
banking  of  the  marls  against  the  steep  westward  face  of  the 
crag,  and  just  suffices  to  show  the  top  of  the  red  marls  t^mii- 
nntiii'x  apniii^t  the  risini^  slope  Mnd  overlap[K3d  by  some  friable 
bulV-colourcd  duluuiile  itss'M  i.itcd  with  «^reen  marls,  and  evidently 
iK'longing  to  tlic  Tea-grecu  Muics.  Jjitrge  loose  blocks  of  Car- 
boniferous Limestone  apijeared.  to  be  meorporated  with  the 
marls,  but  the  absence  of  any  beach-deposit  or  of  any  water- 
worn  material  was  particubu'ly  noticeable  in  these  Triassic 
marginal  deposits.  A  partial  analysis  of  the  buff-colbured 
dolomites  by  Dr.  Pollard  yields  the  following  result : — 

E'lrthy  limestone,  partially  dolomitised,  Q.W.R.,  near  Chipping 

Pjirt  insoluble  in  hot  dilute  HCl    -      -  li>  5 

C'aO   27-7 

MkO   11-4 

FeO   1-6 

Fe.,0,   8-1 

A1.X)",  10 

(C'O.,  calculated  on  CaO,  MgO,  and  FeO  357) 

l*j,0&  trace 

99-0 

Westwards  a  good  sec^tion  of  Rluetic  and  Keuper  T^eds  was  to 
be  seen,  comprisiug  25  foot  or  more  of  the  strata,  as  loiiows : — 

White  (lecomnased  marl  with  ModioUi  tninim/i,  and 
with  h.ird  decomposed  limestone  in  one  or  two 
bands. 

Grey  day  4  to  0  feet. 

Pale  grey  and  "whitish  marl,  reddish-ln  nwti  in  place*?, 
having  an  irregular  and  almost  mxlular  appear- 
ance when  seen  from  a  distance      -      -      .  9  feetk 
r.l:u  k  s1i.de  with  Rvriu^,  C<miiHm  rhaUieum  -      -  \  | 

Tlun  sandstone,  about  ^  inch  J  ^ 

(trey  and  tea-green  marls— with  calcareous  gritty 

"l»ainlH  in  places  about  8  feet. 

Ked  and  vari^ted  marls  (Keuper). 

The  Tea-gr(H»n  marls  were  exposed  in  the  valley  S.S.E.  of  Rays- 
Held  Farm  and  again  by  the  orchard  and  plantation  N.N.W.  of 

Cheseombe  Farm.  The  i^rccn  marls  fall  to  |^iieees  readily  in  water, 
and  after  deeantation  leave  a  residue  minntc  crystals  of 
calcite.  The  same  fact  has  been  noticed  by  Mr.  Strauan  in  green 


^Simibir  l>eds  noted  as  "  tiivstone  "  were  obeened  in  the  Carbonifwoas 
LinH'4one  near  Tytherington  by  the  Riv.  H.  H.  WlHWOOD.  Proa, 

Votteswold  Club,  I8tt0. 
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marls  of  this  a^e  in  Glamorganshire,  where,  however,  the  crystals  (Messrs. 
ranged  up  to  naif  an  inch  in  length  and  were  so  abundant  as  to 
form  a  heap  afu^r  the  removal  of  a  lump  of  marl  by  rain. 

North-west  of  Wajiley  Common,  l)oth  in  the  main-line  and  in 
a  loop-line  conncclint^  with  the  Midland  Hallway,  the  rod  marls 
contained  crystalline  patches  of  celustine  which  occupied  pockets 
of  the  fed  and  variegated  marls,  but  manifested  no  connection 
with  the  green  tinges  in  the  marls.  The  crystals  were  mostly 
small,  none  approaching  in  size  those  found  near  Wickwar. 

South  of  Coalpit  Heath  the  highest  Coal-measures  of  the  Coal- 
field are  cut  throu'di;  those  comimst;  red.  yellow,  and  pur]ilo 
shales  with  a  few  thin  gritty  l)iin(fs  dipping  east  wards  at  about 
25".  Overlying  these  is  a  stiti"  yellowish  clay-soil  three  feet  thick, 
^low  the  level  of  these  strata  in  the  ground  to  tiie  west  the 
railway  passes  through  a  tract  where  there  have  been  many 
trials  for  coal,  and  some  old  coal-pits.  Sandy  shales  were  seen 
by  the  wood  south  of  JMaekKTry  Farm. 

West  of  the  Fromc  river  at  Huekford  there  is  an  old  (piarrv  in 
the  Pennant  Grit,  and  further  west  the  rock  has  been  exposed  in 
a  deep  cutting  which  extends  to  the  north  of  rrosj)ect  House, 
Winterboume.  The  Pennant  Grit  here  consists  of  thick  and  thin 
bedded  sandstone,  &lse-bedded  and  dipping  eastward.  It  contains 
someirregular  coaly  seams  togetherwitnanoccasional  large  spherical 
dogger,  and  is  much  stainetf  by  iron-oxide,  presumably  from  New 
Re(r rocks  which  formerly  rested  upon  the  strata.  Towards  the 
hi|jher  ground  the  beds  are  tiaggy  and  much  broken  u|),  and  the 
rubble  is  in  places  bent  so  as  to  exhibit  "  terminal  curvature." 
The  Pennant  Grit,  shown  in  the  deeproad-cutting,  rests  on 
mottled  clays  with  veins  of  caldte.  These  clays  bear  some 
resemblance  to  Keujxir  Marls.  Near  the  junction  the  Pennant 
Grit  shows  signs  of  fracture  and  slight  displacement,  due 
probably  to  land-slipping. 

On  the  east  side  ot  the  Bradley  Brook  three  or  four  feet  of  red 
(alluvial)  earth  wore  seen  over  the  Pennant  (Jrit.  Passing 
towards  Stoke  Giftbrd  to  the  south-west  of  Mulgrove  Farm  a 
deep  cutting  has  been  excavated  in  red  (Keuper)  marls,  with 
apparently  impersistent  bands  of  hi^d  coarse-grained  sandstone 
ana  blue  marl  with  drusy  cavities  containing  celestinr. 

These  Ix'ds  dip  westwards,  showing  signs  of  slight  (lisplac«Mnent 
at  one  point,  an<l  arc  overlain  by  rrd  and  v.-iricgatrd  marls  aiul 
finally  by  10  feet  of  gn^v  marls  at  t  he  basr  ot  the  Uha'tie  series. 
These  beds  of  grey  marl  (contain  in  places  imjx'rsistent  layers  and 
nodular  masses  of  marly  sandstone.  The  junction  with  the 
overlying  Black  Shales  is  sharii.  Frequently  there  occurs  a  thin 
sandy  layer  at  the  junction.  In  some  places  tho  dark  shale  was 
seen  to  rest  directly  on  the  green  marl,  with  a  sharp  plane  of 
division,  and  in  others  there  was  evidence  of  slight  disarrangement 
of  the  marl  and  of  the  incorporation  of  it  with  the  black  shale, 
but  this  was  within  the  thickness  of  about  one  inch. 

A  good  general  section  of  the  Rhtetic  Beds  and  basement-beds 
of  the  Lower  Lias  is  continued  westwards,  intemiptcd  by  one  or 
two  fisults  which  traverse  the  ground  from  N.£.  Co  S.W.  to  the 
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^eMw.      S.S.E.  of  Stoko  Gidord.   The  scries  of  strata  there  exposed  may 
,  b©  tabulated  as  follows  :— 

Lower  LUa.  Ostrea-beda.  ^  **• 

IJands  of  ]>alo  compact  !iinestr)m\  shfAvin^'  falsc- 
btiMiiig  and  day  with  iiupur-sisteut  bands  and 
nodiiK-i  of  Gotham  Stone-  8  0 

{0  3 
0*^4 

Shaly  raarlR  with  thin  impewiatent  rusty  Vwinda  -      -  IS 
P.ilr  shfily  marl  passing  into  tllin''beddcd  White  Liaa 

here  and  there       -      .  36 

Black  shalea— rusty  where  expoaed  .      -      •      "    o  1 

Dark  grey  earthy  UmeBtone  | 

Gri  V  and  brown  rusty  clayH  and  shaleBi  with  a  few 

l.  nticMilar  nodules  of  hard  limestone      -      -      -    10  0 
Thin  sandy  layer  \  in.  seen  in  places*. 

Tea-green,  grey,  and  yellow  rusty  mwl*    *      *      "   10  0 
Bed  and  variegated  marls. 

Tlio  Black  shalos  at  the  surface  beconio  a  stiflf  brown  clay 
The  oruuiid  in  places  was  found  to  be  cracked  down  to  the 
jiniction  with  the  Tea-green  and  grey  niarls,  a  depth  of  about  ten 
feet.  At  the  western  end  of  the  cutting  traces  were  observed  of 
the  Lower  Lias  limestones  with  Unioamium  cardwides,  &c. 

West  ot  llie  road  and  S.W.  of  St.  Michaul's  Churoh,  Stoke 
Gitiurd.  the  exciivation  for  a  new  road  bordering  the  railway 
showed  the  following  section: — 

Ft.  in. 

Clay  soil  with  bits  of  White  Lias      -      -      •      I  0 

iMarl  and  thin  white  lime.<*tone  -  -  -  -  2  0 
rin  v  flay  and  stone  with  Cotliam  Marble  -  1  0 
Brown  and  grey  clay  and  rusty  bauds  -  -  10 
Dark  grey  clay  10 
Grey  nuvly  beds. 

The  n|)per  layei-s  here  were  somewhat  displaced  In  soil- 
niovenM'iils  i»n  (be  slo[>intr  i^roimd.  fn  some  examples  ol  ilic 
Cotliam  or  Lauds<;aj^)e  Marble  the  weitthered  surfiicos  showed 
the  arborescent  markmgs  in  i-elief.* 

Baihmy  from  North  Wnlfiham  to  Mu  mJcsley,  Xiyrfolk.. — This 
new  line  was  examined  by  Mn.  <'i,kmekt  Rkid  last  spring.  It  is 
jArrit^d  at  so  bifrb  a  level  that  iiw  shallow  cuttinLjs  onlv  "spxposn 
sandy  gravels,  ioniiing  the  np[)er  part  ol  the  Glacial  ]>ep<)sitii. 
These  gravels,  as  a  comparison  of  the  chtis  with  the  inland 
sections  in  the  Cromer  railway  had  led  us  to  expect,  are  little 
disturbed  or  contorted;  in  far;t  the  only  marked  <>ontortions  were 
seen  in  the  cutting  between  North  Walsham  and  the  Canal 


(Mr.HcldJ^^ 


*  Ste  H.  B.  Woodward,  Getd,  Mttfj.  1890,  p. 
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II.— PETROGRAPHICAL  WORK. 

Much  of  the  jpetrogmphical  investigation  cvarriud  on  during  the 
past  ^ear  hy  the  Geological  Survey  lias  boon  embodied  in  the 
loi^oing  account  of  the  tield-work  of  the  staff.  Some  statistica 
may  here  bo  given,  and  thereafter  a  reference  to  some  ci  the 
other  results  of  the  microscopical  and  chemical  examinations 
uiiiy  be  added. 

The  number  of  specimens  of  rocks  of  wliich  tliiii  slides  wore  (Mr.  ToalL) 
prepared  and  inicroscopically  examined  and  reported  on  by 
Mr.  Teall  wius  ,S(>9.  They  were  eoUecied  partly  in  Devon  and 
Somerset,  but  cliieHy  in  the  Highlands  of  Scotland.  Thin  slices 
of  Ei^lish  and  Scottish  rocks  to  the  number  of  642  have  been 
repared  during  the  year  and  added  to  the  oolloction  at  J»  rinyn 
troet.  The  number  of  ro(  k -specimens  gathered  by  the  collectors 
in  Scntlai id  amounted  to  849  m  illustration  of  the  urcoloL,^  of  the 
counties  (jf  Argvll,  TTivcnicss,  Koss  and  (Vomar'y,  Lanark.  Ayr, 
Peebles  and  Midlothian.    Of  these  im  fewer  than   (Uili  were 

Srocured  in  Skye  for  the  |)urjHj.su  of  furnishing  malerials  for  the 
etaUed  study  of  the  petrography  of  that  interosting  and 
complicated  island.  In  the  Irish  branch  of  the  Surrey  162  thin 
slides  of  Irish  rocks  Averc  prepared  last  year,  and  reports  upon 
these  have  been  fiu^i.shed  by  Mr.  Seymour. 

The  total  number  of  thin  slices  of  English  and  Welsh  rocks 
now  in  the  collection  of  the  Survey  in  Jermvn  Street  is  3193;  of 
Scottish  rocks  8203.  or  loi^ether  11,486.  the  number  of  Irish 
sUdo«  in  th«  Diibliu  Uttice  ib  2181. 

Amoncr  the  more  im|)ortant  ix^trogmphical  residts  of  the  work 
of  fhe  Survey  in  1898  special  m<  ntion  may  be  made  of  the 
rcmarkabie  ae<^'erine-granulites  dis(  nvi-red  by  Mr.  Cl'NNlNUHAM- 
Ck.\ig  neiir  Derry  Lodge,  Braeinar.  These  have  Iwjen  stndied  by 
Mr.  Teall  who  finds  tnem  to  be  new  to  Scotland,  and  so  far  as 
he  is  aware  they  have  hitherto  been  unknown  in  any  areas  of 
Archiean  crystalline  .schists.  Their  mineralogical  (.'omposition 
suggests  afftnitias  with  igneous  rocks  of  t1io  nepheline-syenito 
group  such  as  those  occurring  in  Sutherland  (boroiani tea)  and  in 
the  Christiania  district. 

In  th«'  Explanation  to  Shc<'t  7.5  and  in  the  A-\nnutt/  J{»'i><>rt  of 
the  lJeologi<;id  Survey  for  ISIMJ,  attention  was  din-cted  to  th<^ 
occurrence  of  cordieritc-lKtiiring  rocks  in  the  Kasteui  IliLjhlands ; 
and  the  apparent  absence  of  conindum,  a  mineral  which  might 
natuially  be  expected  to  occur  in  these  rocks,  was  conuuentiid 
upon.  Tliis  mineral  has  now  been  fomid  by  Mr.  Teall  in  similar 
rocks  from  the  Wcsteni  Highlands  m^ar  the  Hen  Ci  iiachan  mass  of 
^anitc  (a  iffp  p  87).  It  was  not  detected  in  the  thin  sections,  but 
HI  the  residue  left  after  tieating  the  rock  with  hydrolluorit'  acid. 
If  the  similar  rocks  from  the  Eastern  Highlands  be  treated  in 
tb6  ftattfo  way,  it  is  highly*  probable  that  corundum  will  be  found 
in  thctm  also, 

5J04t>  N  2 
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(Mr.  Teall.)  CSonindum  is  known^  to  be  formed  in  two  ways <1)  as  a 
product  of  the  crystallization  of  igneous  magmas,  and  (2)  as  a 
metamorphio  mineral  in  contact-rocks.  lUustiations  of  botli 
those  modes  of  formation  arc  now  known  to  occur  in  Great 
Britain,  The  case  descril»'<l  l>v  1'kof.  Brsz  ot  the  occnrrenpo  of 
minutt't  crystals  of  cornnduni  in  a  folsitt:  truni  South  Hrent  is  nn 
example  of  the  hrst,  and  the  ro<  k  iVom  the  neighbourhood  ot 
Ben  Cruacban,  discovered  by  Mii.  Kynaston,  is  an  example  of 
the  second. 

In  addition  to  the  ordinary  routine  work  of  the  petrographical 
department,  a  series  of  microscopic  slides  of  rocks  firom  British 
Guiana,  sent  over  by  Prof.  J.  B.  Harrisox,  Govenirnent  AnaWst^ 
lias  been  examinea  and  reported  upon  by  Mr.  Teall,  Tlie 
results  hiivG  been  pnV)lished  ny  tho  Government  of  the  Colony 
in  a  Report  on  tho  (ieolopry  ot'  tlio  Xortli-wost  District.  In  a 
letter  recently  received  from  ruuF.  H.vuui.sux,  it  is  announced 
that  certain  conclusions,  suggested  by  an  examination  of  the 
microscopic  slides,  as  to  the  field-relations  of  some  of  the  rocks, 
have  since  been  confirmed. 

In  the  last  Annual  Summary  reference  was  made  to  the 
work  done  on  specimens  sent  home  by  the  Jacksox-Harms- 
wofrnt  polar  expedition.    A  further  series  of  rocks  and  fossils 

brought  homo  by  tho  expedition  has  been  oxninined,  and  the 
results  have  boon  pul)lishod  by  tho  (loologicai  Society  of  London 
in  a  joint  paper  by  Mr.  E.  T.  New  ton  una  Mr.  Teall. 

Many  enquiries  relat  ing  lu  ])ra('ti(  al  and  scientific  matters  have 
been  addressed  to  the  i)etrographical  department  during  the 
year  and,  in  all  cases,  suen  inrormation  as  was  possible  has  been 
freely  given. 

In  order  to  increase  the  value,  for  purposes  of  reference,  of  the 
large  series  of  English  and  Scottish  rocks  now  under  Mr.  Tball's 
charge,  a  card  catalogue  has  been  prepared  by  Mr.  Rhodes. 

Much  a.ssistance  has  been  obtained  during  the  past  year  from 

chemical  analysis  iii  the  determination  of  rocks,  and  in  obtaining 
information  regarding  certain  probloms  which  the  field-ol>serva- 
tions  could  not  explain.  Mu.  Gk ant  Wilson  in  Kdinburffh  has 
completed  the  analyses  o(  17  rocks  IVoni  tlio  Hii^^hlands.  Most  of 
these  analyi^  have  lioen  endKjdiod  in  previous  jxiges  of  this 

The  need  of  moro  continuous  chemical  aid  has  pressed  for  some 

years  upon  the  attention  of  the  Director  General,  and  meaiLs 
^v•  10  adoptod  by  him  last  year  to  remwly  this  detieieney  in  the 
stall.  Advaniairc  was  t;(k(  ri  of  a  varanov  in  the  ostabU-shiuent  to 
secure  the  servi*  ( s  ol  an  m«  <  uiuplislicd  <  hemist.  Du.  Pollard 
who  since  Ids  appoiutiueut  has  been  uninterruptedly  emplov<»d  in 
the  laboratory  at  Jormyn  Street.  The  most  iulerestiiig  and 
unportant  of  his  investigations  has  consisted  in  the  detailed 
analyses  of  a  .series  of  Gambrian  dolomites  from  Durness  in 
Sutherland  and  the  Isle  of  Skve.  Other  examinations  which 
mav  be  alludod  to  wore  that  of"  a  white  rhx  from  a  borin?  at 
Leslie  in  rilcsliirc,  a  nodule  iu  Liniestono  irom  Glenclg,  and  a 
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gpecimea  from  a  borine  at  Braboume.    An  aocdilnt  of  these 
inYMtigations  is  c^von  oelow.  SoTeial  other  analyses  (for  the 
most  part  partial)  have  been  made,  as  well  as  tne  qualitative  * 
examination  of  several  m^ks  nnd  iiiinerals  for  petrographical 
purposes,  or  the  identification  ot  nimorals  for  museum  specimens. 

Caimhrian  Dolomifrs  from  Dh  ntr^'-t  ami  Skye. — Some  questions  ll>r.  Pollard.) 
of  groat  interest  having,'  arisen  IxAli  in  the  field-work  and  in  the 
preparaLion  ot"  the  descriptive  nieuioir  on  the  North-west 
Highlands,  with  regard  to  the  dolomitization  of  the  Cambrian 
limestones  of  that  region,  it  was  determined  to  subject  some  of 
the  rocks  to  careful  chemical  analysis  by  Dr.  Pollard. 

The  specific  gmvit^  of  a  series  of  specimens  from  Durness 
sent  up  lor  examination  was  first  determined.  As  is  seen  from 
the  following  list  the  majority  range  between  2  80  aii(t  2  sti. 
That  of  Calcite  is  2  72  and  Dolomite  2  85-2  95  (Hoseubitsch- 
Iddings). 


List  of  specimens  sliced  and  iinalysed  : —  Sp.  gr. 

No.  8129.  Quarry,  150  yard.s  E.  of  SaiiMu  Bay,  Durueas      •  2  84 

8130.  Eilean  Hoan,  2|  miles  E.  of  Dumeiis  -  2*85 

81.31.  Eilean  Dubli  Grouit,  Kilean  Hoan  -  8*88 

8132.  Dolomitic  Limestone  in  Fuooid  shales,  near 

Qrtndaidh.  Kyle  of  Durness       ...  8^1 

8133.  Big  Crolsipliuill  (coarse,  crystalline  part)    -      -  278 

„  „         (comiact  part,  see  analysis)       -  2'67 

8283.  Eilean  Dubh  Group,  A'Ghotl  Sgein,  near  Eilean 

Hofto   8*85 

The  following  were  neither  sliced  nor  analysed  : — 

Eilean  Dubh,  Durness  2  85 

Eilean  Dubh  i^msp,  Sailmhor   8*83 

Base  of  Mottled  Group,  Sailmhor      ....  2*85 

Eilean  Dnl  b   2*86[Max.J 

Mottled  J^iiueiitone,  Eilean  H«jan  -      ...      -  2'84 
Dolomitic  LimestonOi  Eilean  Hoan»  8|  miles  E.  of 

Durness   2'83 

Middle  of  Mottled  Group,  R  of  Sailmhor    •      -      •  2  85 

Flaggy  beds,  middle  of  Klean  Dubh  Group,  nr.  Sailmhor  2*82 

Dolomite  above  chert,  base  'if  "^aiiL'  mljor  Group        -  2*81 

Near  top  of  Mottled  Group^  Sailiahor         -      -      -  2"84 

Limestone  Skerry,  Balnacuile  Bay      •      -      -      -  2  82 

Overlying  Chert*bed,  Sangomhor   2*84 

»>      "    .  .  "      .  . "    .  ~      "      "  2*84 

Tiun  Imnd  of  Dolomite  in  Big  Croisiphuill,  E.  side  of 

Lake  Borrolaidh        ......  8*84 

About  middle  of  Mottled  Group,  Sailmhor  -      -      -  8'84 

Roadside  25U  yards  E.  of  Sangomhor  ....  8-83 

Top  of  EileftD  Dubh.  Sailmhor   8*86[Mu.] 

Limestone  Skeny,  Bailnacnile  Bay     ....  2-8r> 

»  »  M  »>"'■"  2*80 

»  n  M  «-'•       -  2"8r) 

ft  M  fi  ft       .       -       .       .  2*84 

*•  M  M         w      -      -      -      -  2*73[Min.] 


tt  ft  ft  n  a«o« 

S(Ut9Mt^JJm9B/toiiB,  Qruidaidh  group      ...  8*86 

From  the  specific  gravity  determinations  it  seems  most 
probable  that  the  specimens  (with  one  or  two  exceptions) 
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foUotriog  results 


8121i 

8130 

8131 

8132 

8283 

8063 

80C4 

Bp.  gf.     -  - 

2*84 

2B5 

2*82 

2*81 

2*85 

285 

286 

Part    insol.  in 
fiiuiie  xiydio- 
chloi  ic  acid  - 

10  01 

3fio  od 

-  1-72 
J 

SiO,  - 

•10 

11 

•20 

•49 

trace 

•50 

FeO  - 

\ 

•34 

•32 

1  •52 

•35 

"V,    t  \ 

\  (^jOg 

21 

1  -28 

j'  ^30 

29 
•50 

1  10 

1 

1  .*34. 

•  0 

(traoc  ?) 

trace 

•05 

•G2 

trace 

MnO 

17 

•24 

19 

•33 

trace 

•22 

•19 

CaO  - 

29*65 

90*05 

25*40 

21*73 

30-09 

30*50 

30*53 

MgO 

21*53 

20*25 

16*24 

13*61 

20-83 

21*19 

20«1 

CO,  -      -  - 

46-62 

46*16 

39^ 

31-45 

46*69 

44*64 

46*25 

Water 

•79 

'28 

_ 

Total  -  - 

100*17 

90-84 

100*31 

100*29 

100*25 

99*66 

99*84 

Nos.  8063  and  8004  are  spc'<  imciis  ftom  Strath,  8kvo,  sent  up 
for  analysis  by  Mil,  Hauker.  The  amount  of  insoluf)le  residue 
in  No. 'Sl  :?2  varies  considerably  in  different  ^x\.^  of  the  speeimen. 
The  saniplr  tor  MTialysis  was  prepared  from  chips  from  ditterent 
parts  of  trie  hantl-spocimen. 

Ratio  of  Lime  to  Magnesia  and  Carbon  dioxide  in  the  above 
specimens : — 


CaO  : 

MkO  : 

8129  - 

-  10  . 

.   102  - 

•  2 

8132  - 

-    Til  - 

-  210 

8283  - 

-  l  oa  - 

*    X         •  • 

-  2-03 

8063  - 

-  1-08  - 

-  1-91 

8064  - 

-   1*05  - 

*     T  * 

-  2*02 

D  mottled 

Dolomite  (Xo. 

81 -21))  eoiilains 

small 

inehisiuuH,  which  occur  most  frcquenlly  in  the  dark  patches. 
(This  is  clearly  scon  in  the  thin  slice.)'  The  part  insoluble  in 
oiluto  .  hydrochloric  acid  is  blackish»  owing  to  these  minute 
specks.  Those  were  shown  to  be  carbon,  and  an  approximate 
determination  (loss  on  ii^nition  of  residue  after  drjnnt?  at  150°) 
gave  0(1/^.  (The  true  amount  m:i\-  he  oven  less  owing  to  the 
possibility  of  part  of  the  loss  being  duo  to  water.) 
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Microscopic  Examination  of  Slices  8129—8132  a^ul  8283. 

[8129]  Crystals  of  carbonate,  moetly  with  irregular  outlines  from  "l  to 
dmiti.  diameter.  Occasional  small  veins  of  Linionite.  The  mottling  aeem^ 
to  be  due  to  very  minute  black  lt  iitis  included  in  many  of  the  crystals. 
The  crystals  which  outline  the  dark  yaU^hes  in  the  rock  a|»i»eftr  to  cuntaiu 
more  of  these  black  incluHions. 

[8130l  Crystals  of  cArbouate,  iiiontly  with  irregular  outlines,  from  "08  to 
'2mm.  cfiam.  Occasional  ^ains  and  veins  of  Limonite,  some  very  minute 
black  grains  as  inchisions,  lees  freauent  than  in  8129. 

[81.31]  Crystals  of  carbonate  witli  irregular  outlines,  from  '(XJ.'j  to  •(X)3mm. 
diam.,  and  occasional  quartz  grains  ol  about  the  same  size.  i:imall  patches 
and  veins  of  Limonite. 

[8132]  Impure  carbonate  rock  with -linionite,  rounded  grains  of  quarts 
and  a  pleochi'  ir  Tuineral,  iK)SHibly  hornblende,  'flie  carbfinate  crystals  vary 
considerably  m  diameter  (from  '05  to  '6mm.).  The  rock  is  i»bvi<iu.Hly  of 
organic  origin.  It  contains  nnmerous  fragments  of  organisms,  some, 
referred  by  Mr.  E.  T.  Xkwton  to  the  like  forms  Archaoc^tknSf 

Cnlathiuvh,  «kc.,  and  others  are  pieces  of  MoUuscan  shells. 

[8283]  Crystals  of  carbonate  with  more  or  less  irregular  outlines. 
Occasional  veins  of  Limonite,  small  carbonate  crystals,  and  short  veins  of 
microcrystalline  (|uartz.  On  the  slice  t-here  is  one  patdi  of  carl)onate 
crystals,  larj^er  than  the  mam  mits>j  w  ith  y--^hapt.'<:l  murkiui^'s  of  Linmnite, 
probably  formed  bv  the  decomposition  of  siderite  crystals. 

[Sl.Ti]  Tlie  hand  specimen  of  "  I'i^  Cmisiphuill "  consists  of  bands  of 
crystalline  carbonate,  and  a  compact  mass  of  carbonate  and  cryptwrystalline 
silica. 

The  slice  shows  bands  of  crystullini!  carbonate  'crystals  froni  '1  to  -Snim. 
(diam.)  with  some  Limonite,  and  cryptocrystailiue  silica  containing  car- 
bonate crystals  from  '1  to  '2mm.  diam.  There  are  minute  black  grains 
(carlx)n  ?)  in  the  carbonate  bands. 

The  comfjact  jiart  was  separated  as  cleanly  as  possible  from  the  crystalline 
part,  and  each  analysed.    The  msults  are  :— 

[8183]  CrystaUine  IWt      Compact  Part 

Sp.Or.     -      -      -  ViB         -  2-67 

Partinsol.  indilHCl  173  -         5G  01 

SiOj        -      -      -  013  -  0*22 

FeO       .      .   •  -  0-16 


I?>0,  \ 
AlA  / 


0-13 


MnO  -       -       -  0-25 

CaC)  -      -  32-54 

MgO  -      -      -  19*06 

CO3  .      -      -  4&'8S 

Water  ... 

Total  99-88'  99*88 

Ratio  of  OaO.:  MgO:  00,' in  crystalline  part  « l;ie  :  I  :  2-09.  The 

residue  of  the  compat  t  jiart  consists  of  99"2  i>er  cont  .  Silica. 

A  partial  analysis  was  made  of  the  specimen  from  the  '*  Limestone  Skerry 
from  Bailnacuile  Bay,"  sp.  gr.  2-73.  (Next  lowest  sp.  gr.  in  the  series  is 
2*80).  This  is  seen  to  be  a  partially  aolomitiaEed  rock,  with  a  considerable 
amount  of  residue : — 

Hesiduc   ...  19-9 

FejOjM^O,    1*6 

MgO    4-4 

OaO  98-0 
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200  vmodiUiVmcAh  wouk. 

Attention  should  be  drawn  to  a  nunibcr  of  analyses  of  Sutherland 

liniostones  by  Dr.  Anderson,*  win  >  analysed  specimens  from  the  fol- 
lowinuf  localities :  -Knockdon,  Kitine,  Duirness,  Kribol,  Aclmiore, 
Stronchrubie,  Kirkluwn,  and  Ledlieg.  All  these  are  priu  ticviUy 
true  Dolomites,  excepting  Duirness,  and  the  '  white  cn'^uiiiine  " 
from  Ledbeg.  Several  other  analyses  are  giv^  by  rftOFESsoR 
Meddle  (Min.  Mag,  iy.  239),  who  also  quotes  Br.  Anderson's 
analyses. 

As  it  seemed  just  possible  (though  improbable)  that  these 
rocks  mii(]it  l>c  a  mixture  ot"  caldte  and  mngncsito.  or  of  calcite, 
maguosite,  and  dolomite,  the  ratio  of  Ca  to  Alg  dissolved  by  water 
saturated  with  carbouie  acid  was  determined.  The  specimens  on 
wliioh  this  was  tried  were  8129  and  8064.  In  botn  cases  the 
ratio  was  practically  1  : 1.  YLbA  they  been  mixtures  far  more  CaO 
than  MgO  would  have  been  dissolved. 

Similar  results  were  obtained  (with  8064)  by  the  action  of 
1  per  cent  liCl  on  the  rock  powder  for  varying -lengths  of  tune 
(15  to  4u  niinutos)  at  urdinar)'  temjxiratures. 

From  tlie  results  here  presented  it  is  seen  that,  with  one  or  two 
exceptions,  the  specimens  are  Dolomites  and  not  Limestones. 

A  remarkable  group  of  limestones  ap^^rs  among  the  crystal- 
line schists  of  Locli  Duich  and  Glenelg,  Tnverness-sliiro.  A 
nodule  from  the  Glenelg  Limestone,  sent  up  by  Mr.  Ci.orr.n,  was 
sliced  and  examined  l)V  Teall,  who  suggested  that  the 
minemls  should  be  sejwiraLcd  and  analysed  by  Dr.  Pollard. 
The  folluwiiig  is  a  short  account  of  the  results  of  the  micro- 
Bcopicid  and  chemical  examination  of  this  nodule : — 

[7923]  Nodule  in  Limestone  miles +  40  yards  E.  of  SgiHth  Bheirn, 
Glenelg.  This  nodule  consists  mainly  of  a  mineral  of  the  Olivine  group, 
mostly  quite  fresli,  and  of  an  isotropic  mineral  of  high  refractive  index 
embedded  in  an  iiggregate  of  gmias  ot  the  f<jrmer. 

The  minerals  were  separated  by  niethylene  iodide,  and  analysed.  The 
Olivine  ntinernl  yirovetl  to  be  Fr.isti-iito,  and  tlic  isotropic  mineral  Spinel, 
lu  addition  to  the  Spinel  aud  Forsterite  tliero  arealjio  Calcite  and  Diopside, 
but  not  in  great  quantity. 

In  a  boring  for  water  at  Leven  Bank  paper-mill,  Leslie,  Fife, 
under  a  sheet  of  intrusive  dolerite  about  60  feet  thick,  a 
"light  fireclay"  was  pierced.   This  deposit,  27  feet  and  a  half 

in  thickness,  rested  upon  .soft  white  Lower  Carboniferous 
sandstone,  and  possessed  such  a  peculiarly  greasy  feci  tliat  a 
specimen  of  it  was  .sent  to  tlie  (  loological  Siirv'ey  for  examuiatioii. 
An  analysis  of  it  by  Dr.  Pullakd  gave  the  composition  shown 
in  the  subjoined  table: — 


OiU.   4905 

AI2O3   33-62 

CaO   -64 

MgO   -72 

K«0   4W 

Nii,()   -20 

Water  at      105   5*46 

Wat«r  above  lOA*   5*90 


10038 

*  SipoH  0/  the  Highland  and  Agriintltwral  Society,  1851-d3»  p.  873. 
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PALAONTOLOGiCAL  WOttK. 


The  pdeuliar  mtmueea  to  the  touch  at  first  suggested  that 
this  clay  might  he  magnesian  and  might  possibly  bo  a  decom- 
posed product  of  some  of  tbe  volcanic  rocks  of  the  Lower 

Carboniferous  serias.  T^ut  tlio  trifling  |>roportion  of  inRi^niosia  in 
its  composition  shows  that  tho  peculiarity  must  be  duo  to  some 
other  cause. 


III.— PAL.£ONTOLOGICAL  WORK. 

The  Palfleontological  Depart rnent  at  Jermj-n  Street  continues 
not  only  to  take  charge  of  all  the  paliL>ontolog!C4il  work  ref^uired  in 

the  Mn55eiim  of  Practical  Geology,  but  also  examines  and 
determines  all  fossils  collected  by  the  Geological  Snrvey  in 
England,  Wales,  and  Ireland.  The  paljpontological  work  of  tho 
Scottish  branch  is  carried  on  at  Eilinburgh. 

Among  the  various  investigations  in  which  the  palaiontologists  jJ^JiA  ?• 
at  Jermyn  Street,  under  the  superintendence  of  Mr.  E.  T.  Newton, 
F.R.S.,  nave  been  engaged  durmg  the  past  year,  reference  may  be 
made  to  that  conn«.H  t('(l  with  (tertain  jaws,  vtTtcbnr.  and  other 
bones  of  a  tisli  which  were  found  by  Mk.  Clement  Keid  some 
years  ago  in  the  Bembridge  Marls  of  Hamstead,  Isle  of  Wi<?ht,  and 
which  navo  been  awaiting  more  material  for  their  elucidation. 
This  aiMitional  evidence  has  now  heen  supplied  hy  further 
s|>ecimen8  obtained  by  Mr.  G.  W.  Colentjit  m  the  tiembridge 
and  Osborne  Beds,  near  King's  Quay,  Rydc.  All  the  s}H'cimen8 
have  been  studied  by  Mr  Newton  himself,  who  refers  them  to 
the  living  ganoid  genus  Ami  ft  and  proposes  the  name  of  Ait'ifi. 
anylica  for  Mr.  Reid's  specimen  and  for  one  of  those  found  hv 
Mr.  Colenutt  in  the  Osborne  Beds  of  King's  Quay,  whu  h  is 
likewise  represented  by  several  parts  of  the  skeleton.  Many  of 
the  iBolatea  laws  in  M!k  Oolenutt's  collection  from  these  beds 
are  believed,  to  belong  to  the  same  species.  A  single  slender 
maxilla  also  from  the  Osborne  Beds  and  apparently  belonging  to 
the  same  genus,  is  referred  to  another  s[>ecies,  to  be  cal!<  (i  ^1, 
ColenutH.  The  close  relationship  of  these  forms  to  certain  tish 
remains  descril)ed  by  Cope,  Leidy,  and  Marsh  from  Tertiary 
rocks  of  North  America,  as  well  as  the  distribution  of  the  closely 
allied  forms  both  in  North  America  and  in  Europe,  are  alluded  to 
in  a  paper  published  by  the  (icological  Society. 

A  block  of  sandstone  obtained  by  Mr.  John  David,  of  Porth- 
cawl,  Glanv>r'_':iTishirc,  from  a  quarry  in  Penarth  P>e(ls,  at  Stonny 
Down,  near  lindgend,  was  found  to  contain  the  impres.sion  of  a 
largo  reptilian  jaw.  The  interest  of  the  discovery  was  nt  on(  e 
apparent  to  Mr.  K.  H.  Tiddeman,  at  whose  request  Mr.  J)avid 
very  generously  presented  the  specimen  to  the  Museum  of 
Practical  Geolc^.  The  fossil,  like  so  many  of  the  well-known 
reptilian  remains  from  the  £l«n  Sandstone,  is  merely  a  mould 
in  the  rock,  the  bone  having  disappcarnd.  Mk.  XK^rrov  under- 
took the  working  out  nf  tlic  specimen,  and  having  prepared  casts 
in  gutta  percha.  descnks  it  as  a  left  dentiirj"  bone  of  a  megalo- 
sauroid  reptile,  with  the  dentition  very  perfectly  represented 
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(Mn  B.  T<  Tiio  tectii  aro  lodged  in  deep  socketfi.  ibe  larger  ones  being 
M«wt4m.}  reourvod.  tlattoiu  d  ham  sirl»»  f«i  side,  and  serrated  ;  tlie  serrHtions 
on  the  pt^sloriur  ('(mcavo  ixinit  r  extend  from  the  point  to  very 
near  the  margin  of  the  jaw,  wliile  those  of  the  anterior  eonvex 
border  occupy  only  about  two-thirds  of  the  epical  portion;  in 
all  the  teetk  this  proportion  is  maintained.  The  presence  of 
Bticcessional  teeth  in  some  of  the  alveoU,  and  of  the  points  of 
others  in  some  of  the  pits  seen  at  the  bases  of  the  larger 
teeth,  clearly  show  the  mode  of  succession  to  be  of  tiie 
well-known  type,  wlun"**  the  t;erm  of  the  new  tooth  appears 
on  the  inner  side  of  the  fully-develtmed  tooth,  and  pressing 
ujxjn  the  fang  wuisos  its  absorption.  The  new  tooth  enlarging 
comes  to  occupy  the  interior  of  the  fang  of  the  old  one, 
which  by  the  continued  absorption  of  its  base  falls  out,  or  is 
easily  hroken  oft',  when  the  new  tooth  is  found  occupying  the 
midrllo  of  the  alvcohis,  and  sid)sequently  comes  to  occupy  tho 
place  of  its  jin'dtM'cssor.  The  genus  Zc  iicfo(/()v  (includuig 
Tcrafosaaros)  is  iKilievod  to  be  the  most  nearly  allied  fossil  to 
this  Bridgend  specimen,  and  as  it  cannot  be  definitely  referred  to 
any  known  s|K3cie8  it  is  named  Za^nclodon  cambrensis,  A  full 
accoiMit  of  the  fossil  has  appeared  in  the  Qtuirterly  Jcumal  of 
ttie  Geological  Society  (vol  by.,  p.  646). 

In  a  previous  part  of  this  Summary  (p.  58)  reference  was 
made  to  the  assistance  derived  by  the  field-suryeyors  in  Ireland 
from  the  refwrts  supplied  to  them  by  the  palieontologists  at 
Jermyn  Street  regarding  the  fossils  collected  from  Silurian  rocks. 
During  the  past  year  no  fewer  than  ten  difterent  consignments 
of  fossils  have  been  sent  from  different  Irish  counties  to  the 
Museum  of  Practical  Geology  for  determinaUon.  Although  the 
specimens  have  for  the  most  pa  i  t  been  in  a  poor  state  of 
preservation,  yet  some  good  residts  have  been  obtained,  which 
nave  mnrh  assisted  the  y)rogress  of  the  tield-work.  Early  in  the 
year  a  seri<'s  of  speeiincns  from  places  in  Wtjxford  and  Wicklow 
was  examined  and  found  to  iiidioate  Lower  Silurian  rocks,  perhaps 
as  low  as  Uie  Arenig  group.  Oue  set  from  near  Arklow  included 
Specimens  much  rambling Protot  /  mu^Ha,  and  hence  seemed  to 
indicate  Upper  Silurian  rocks  in  that  neighbourhood,  but  the 
identity  of  the  organisms  could  not  be  establisned.  A  second  series 
of  specimens  obtained  from  the  same  localities  gave  similar 
negative  residts. 

Another  series  received  from  places  near  Arklow,  Enniscorthy, 
and  C'ourtown  Harbour  proved  exceptionally  interesting.  From 
each  of  these  places  Caryocaria  Wriyhf  i  was  obtained  together 
with  Didymograj^tuSy  rhyllograptua,  Dicellogr'tpfva  and 
CoBnograptiis,  leaving  little  doiibt  as  to  the  Arenig  age  of  the 
strata.  A  fourth  series  fr m  Bray  Head  included  examples  of 
Oldhamvi,  but  nothing  else  that  might  indicate  the  horizon  of 
the  rocks. 

Two  series  of  graptolltes  received  from  various  places  In 
Tip|)erary,  were  better  preserved,  and  represented  siieh  forms  as 
Monoyrdjpttis  j^riodout  M,  JfUmingit  &c.   They  thus  showed  th^ 
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fodkB  to  be  Upper  Silurian,  and  probably  of  Tamnnon  or  Wenlock  (Mr.  E.  T. 
age,  some  apparently  liigh  in  the  Wenlock  series.  li«wt«m.) 

The  examination  of  a  selected  series  of  graptolites  from  fifty- 
two  loealitios  south  of  Belfast  confinnofl  the  pre.senee  of  strata  of 
Llandeilo,  liala,  Llandovery,  Taraunon,  ana  perhaps  oven  of 
Wenlock  age. 

Late  in  the  year  a  further  collection  was  reoeiTed  from 
Tipperary  which  j)rovod  to  consist  almost  wliolly  of  Mm>'«/r<(.pfu8 
ricc(tHonemi8i»,  tnus  indicating  beds  of  Tarannon  or  Wenlock 
age.  With  thesf^  graptolites  came  a  number  of  s|wcimcns  from 
locahties  in  Sh«M  ts  loC)  and  1()7,  where  the  strata  arc  nm<  h  t  leaved 
{ante  p.  6 1 . )  These  .specimens  are  deserving  of  notice,  although  it  is 
by  no  means  certain  that  the}'  are  of  organic  origin.  Many  of 
them  have  the  ap^K^aranoe  of  large  graptolites,  and  one  or  two  of 
the  more  distinct  examples  have  so  close  a  resemblance  to  a 
largo-sizod  Monograptid,  that  if  found  alone  they  would  almost 
certainly  l>e  regarded  as  such  ;  and.  indeed,  it  would  he  unwise  to 
say  positively  that  they  are  not  graptolites  nnu  h  altered  bv 
pressure  and  cleavage.  When,  however,  the  whole  series  is 
examined,  there  is  found  to  be  a  gradual  change  from  these  more 
clearly  defined  forms  to  others  in  which  it  is  quite  evident  that 
the  serrations  are  due  to  cross  fractures  and  intemiptions  of  the 
lines  of  cleavage.  No  one  would  be  bold  enough  to  assert  that 
the  latter  specimens  are  graptolites.  altliougli  it  is  possible  they 
mav  he  suc'h,  but  almost  destroyed  hy  jiressnrc  antl  cleavage, 
while  the  niorc  distinct  forms  tirst  mentioned  mav  be  less  altennl 
specunens.  On  the  other  hand,  it  seems  quite  possible  that  even 
tne  most  clearly  defined  forms  may  be  altogether  duo  to  cleavage. 
One  or  two  of  these  pseudo-graptolites  arc  bent  at  an  angle,  and 
tin;  {X)rtion  which  crosses  the  cleavage  marks  is  serrated, 
w  hile  the  part  running  parallel  with  the  cleavage  lines  has  no 
Si'rrations.  Some  at  least  of  thoKc  pseudo-graptolites  are  found 
on  the  cleavage  planes,  and  not  on  the  beddiTig,  and  the  same 
ynay  said  of  certain  fucoid-like  markings  found  in  the  same 
slates. 

In  determining  the  graptolites  Mr.  Nbwton  has  from  time  to 

time  received  valuable  assistance  from  Professor  Lapworth,  who 
has  always  been  ready  to  give  the  Survey  the  benefit  of  his  long 
experience  among  these  organisms. 

Allusion  was  made  in  the  Summari/  of  Progyrss  for  1807  to  a 
further  series  of  rocks  and  fossils  brought  l>ack  from  Franz  Josof 
Land  by  the  Jackson-Harmsworth  Polar  Expedition,  on  the  return 
of  the  party  in  the  autumn  of  1897.  The  examination  of  these 
specimens  W  Mb.  Newton  and  Mr.  Teall  has  confirmed  the 
conclusion  arrived  at  from  the  study  of  the  collection  previously 
received.  Some  additional  facts,  however,  were  deemed  worthy 
of  being  placed  on  record,  and  tlu^e  have  been  embodied  in  a 

yaper,  "  Additional  Notes  on  the  Hocks  and  Fossils  from  Franz 
oscf  Land"  {Quai'L  Jaiirn.  Gcol.Soc.,  vol  54,  18!)8,  p.  646).  It 
was  fully  expected  that  a  personal  consultation  with  Dr. 
KoEn^prss,  the  goolo^.st  of  the  expedition,  would  kkecessitate'some 
Alterations  of  the  altitude  given  m  the  first  paper  (1897),  and  a 
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(^f^  K  T.    few  such  alterations  have  been  made,  but  fortunately  they  do  not 
2»iewu>ii.)      in  any  way  alter  the  relative  jwsitinns  of  the  rocks.    In  view  of 
the  wide  distribntion  of  tho  connnon  ly|)e  of  Imsalt,  an  analysis  of 
it  has  been  inado  and  cuinparcd  with  analyses  of  two  rucks  trum 
Iceland  given  by  Bunsen,  and  the  similarity  is  striking. 

The  widespraid  evidence  of  silicification  in  Franz  Josef  Land 
naturally  suggests  that  siliceous  springs  may  have  existed  there 
in  times  past,  as  they  do  at  the  present  day  in  Iceland. 

Further  specimens  of  Kadiolarian  Chert  have  been  obt .lined, 
but  now  as  pebbles  in  n  e.ilcareous  sandstone  of  Jurassic  iv^c, 
and  are  prolmbly,  as  previously  suggested  by  Dr.  G.  J.  Hinde, 
derived  from  rocks  of  Palaeozoic  ago.  Plant-beds  similar  to 
that  already  described  on  the  north  side  of  Cape  Flora  at  a 
height  of  700  feet  above  the  sea,  have  been  mot  with  at  other 
places  around  the  Cape,  and,  although  the  plant^remains  seem 
li'ss  abundant  at  the  new  loralitios.  tbore  is  a  similar  asspiiihlanre 
of  pine-needles,  fern  |)inniiles  uiid  (rinkt^o  leaves  U  is  tolerably 
evident,  therefore,  that  tlihs  Upper  Jurassic  plani-lnd  extends  over 
a  large  area  at  approximately  tno  same  level.  At  one  place,  it  is 
true,  a  similar  oed  occurs  at  900  feet,  but  this  dini9rence  is 
probably  due  to  the  interpolation  of  the  sheets  of  basalt. 
Another  point  of  interest  is  the  discovery  of  a  fragment  of 
Ammnyi  ifrs  Ln  iiilyevti  in  close  relation  witli  the  ba.se  of  the  basalt 
and  apparently  about  50  feet  above  the  liori/on  from  which  A  m. 
ml  was  obtained,  thus  indicating  tho  presence  of  Oxford 

Clay. 

tlie  bed  at  Windy  Gully,  east  of  Gape  Flora,  which  yielded 
Am.  liknuB  is  now  said  to  be  about  400  feet  above  the  sea  (not 

300  as  l)eforc  stated).  Additional  specimens  of  the  last  named 
species  have  been  found,  together  witii  a  Belemnite  and  parts  of  a 
larire  Iiiocoramus-like  shell,  the  undulated  stirface  of  which 
reminds  one  of  the  CretaeooMs  I Doccrmn  Cwvieri. 

From  the  locality  ;>00  yards  west  of  Klrawood  additional  and 
better  preserved  examples  of  the  lai^e  Av^iculd  have  been  found. 

The  carbonised  ana  recent-looking  vegetable  remains  from 
Cape  Richthofen,  which  it  was  thought  might  perhaps  be  from 
Tertiary  beds,  have  been  submitted  to  Dr.  Nathorst,  who  thinks 
the  absence  of  any  fragment  of  a  dicotvledon  militates  against 
their  lieing  of  Tertiary  age,  and  leads  liim  to  think  that  they 
may  after  all  belong  to  the  J  unus&ic  rocks. 

The  large  collection  of  British  fossils  now  gathered  together 
and  displayed  in  the  Museum  of  Practical  Greology  continues  to 
be  largely  made  use  of  by  paUeontologists,  and  specimens  from  it 
are  frequently  figured  in  illustration  of  their  investigations. 
Thus  in  the  course  of  the  past  year  Mr.  A.  Bell,  in  his  paper 
"On  the  Pliocene  Beds  ot  St.  Erth"  (Trans.  R.  OeU.  Snr., 
CornmtU,  vol.  12,  part  iii.  1898),  has  figured  Colvmbella 
trytkrostoina^  Bon.,  Kellia  corhuloides,  Phil.,  Ldtorina  yibbosa, 
E.  and  B.,and  Odosiomia  magna,  E.  and  B.  Mb.  G.  C.  CStiCK,  in 
his  memoir  *'  On  the  Muscular  Attachment  of  the  Animal  to  its 
Shell  in  Some  Fossil  Cephalopoda  "  (Trans.  Linn.  Sor.,  vol.  7,  p.  4, 
has  figured  Ttumiites  tuberculattiSt  Bosc.,  and  T,  ManteUi, 
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Sluurpe,  from  the  Lower  Glialk,  vliik  Miss  J.  Donald,  in  her  (Mr.  B.  T. 
paper  on  Carboniferous  Gasteropoda  (Quart  Joum.  Geol.  <S'oc.,  *«wtodO 
ToL  54,  pL  V.  fi},'.  5,  1898),  has  given  a  figure  of  Rhahdo.^pira 
compficta,  Donald,  from  tlie  Yoreclalo  Rocks  of  Wensleydalo. 
Mr.  Clement  Reid  has  tigured  Liimiocarpus  from  the  Tertiary 
I)ei)o.sit«  of  Hampshire.  (Proc.  Linn.  Soc,,  Botany,  vol  xxxiii., 
p.  404).  • 

Besides  these  a  considerable  number  of  the  Jermyn  Street 
specimens  haye  been  figured  m  the  monographs  of  the  rala^onto- 
^aphical  Society  for  1898,  as  sliown  in  the  subjoined  Hst,  which 
IS  here  given  in  full,  as  it  contains  the  names  of  what  have  now 
become  type  specimens. 

Specimens  figured  V)y  Prof.  T.  Rupert  Jones  and  Db.  H.  Woodwabb 
in  tLeir  "Palaeozoic  I'hyllopoda"  :— 

IHihyrocari*  testudineay  Seoul. 

„       Cdeif  PortL  Six  specimena. 
n       cr^idUorit,  PortL 

Specimens  ^ured  by  the  Ret.  Q.  F.  WHmBOBKB,M.A.,iBliiB  '^DeTonian 
Fauna  of  tlie  South  of  England 

Ckonetrs  margaritacea%  Wliid. 
Discina  nitidaj  Ph. 

Lqndettkn  f  dmmieani.  Three  epecimenB 

Protocidaris  neuaria,  Whid.    Two  specimens. 
Palaast^  longimanus,  Whid.    Three  specimena. 
Protaster  ffranifer,  Whid.   Two  specimens. 
HugasUrl  j)era)'mattu,  Whid. 
Protaster  ?  scabrosiMy  Whid.    Three  epecimOM* 
Ophirtrella  ?  gregat'ia,\yhid. 
Adelocrimut  hystrix^  rh.   Two  Bpedmeoe. 
Actinocrinm  Porterij  Whid  Four  spenameaa. 
RhodocnntLS  ? 

Acttnoerimu  t  Batheri,  Whid.  Two  specimens. 

Tiurocrinus  macrtxlat  fi/his,  Pli.    Three  spedmeuB. 
Scaphiocrinm?  iTiordinatM '/,  Whid. 

Poteriocrinm.    Two  .specimens. 
ikaphuHsrinuif  jdmU/er^  Whid. 

Spediiit  ns  figured  by  Dr.  Wheelton  Himd^  B.Sc.,  F.G.S.,  in  hie 
"British  (Jarhmifernus  Lamellihranchiata  ": — 

l*rQtoichizodu*  ajcini/orniUy  Portl.   Two  specimens. 

„       „    var.  (upretstttt  Portl.  Two  specimens. 
Cardiomofiika  eorruffata,  M'Coy. 

The  Palft'ontologieal  Department  of  the  Oeologic-Tl  Sm  voy  in  s.  (.tiRii«l. 
Scotland  is  carried  on  luider  the  supervi.sion  of  Mr.  B.  N.  Peach.  .J^-  ^* 
with  the  assistance  of  tho  Fossil  ('ollertdi-s,  Mk.  A.  Macconochie 
and  Mh.  i).  Tait.  During  tlie  past  year  fossils  to  the  nimiher  of 
8.58  have  he;<;n  colkM  trd  frorii  the  ( >iml»riau  km  k.s  of  i^kyv,  the 
Upper  Silurian  rocks  of  Lanarkshire,  Ayrshire,  and  the  Pentland 
Huls,  the  Lower  Old  Red  Sandstone  and  Carboniferous  rocks  of 
Lome  and  Edinburgh. 

It  has  lxH?n  the  cu.stoni  of  the  Acting  Paheontoloj^i.st  in 
Scotland,  with  the  Director  ({eneral'-s  consent,  to  distrihnte 
certain  groups  of  fossils  among  specialists  for  idontitication  and 
for  the  puhliuition  of  descriptions  of  new  forui.s.  Thus  the  Sihi- 
rian,  Old  Rod  Sandstone,  and  Carboniferous  tishes  have  been 
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Scotland.     submitted  to  Dr.  Traquaxr,  who  has  determined  upwards  of  800 
piwiTi  ^*    Bpecimons  during  the  yoar,and)who  has  furnished  the  sc  jmrato  notes 
*^  '        given  on  pp.  65  and  72,  regarding  the  forms  collected  during  the  past 

s  ison.  Aoout  40  sjx;eimons  of  s{>onpfe-]ikc  hodicJ^  from  the  Down- 
toiiian  rocks  have  been  Hul)iiiitt«'d  toDR.G.J.  HiNDE.  Dn.M ai,(  <  »i.m 
L.M^RIK  has  i  xaiiiiiit'd  thf  <( illi't  tioii  of  eurypterids  liom  tlie 
Up^)er  Siliiri.ui  antl  Lower  Old  lied  Sandstone  rocks  cxjUected 
during'  I  he  hsi  few  years,  and  has  been  supplied  with  specimens  of 
some  new  forms  for  dcscriptioa  Mr.  B.  Kidston  has  named  13 
specimens  of  fossil  plants  from  the  Lower  Old  Rod  Sandstone, 
209  specimens  from  the  Carboniferous  rocks  of  Arran,  a  few 
Lower  Old  Red  Sandstone  Plants  from  Lome,  and  a  small  but 
interasting  colle<!tion  of  19  sjjecimeiis  of  fosjsil  plants  trom  the 
red  sandstones  occurring  near  the  Brid«^e  of  Awe,  refenx^d  to  on 
p.  120.  UKr.  J.  W.  KiRKBY  has  reported  upon  a  small  collection 
of  specimens  of  0»tmci)da  from  tno  Lower  Carboniferous  rocks 
underlying  Edinburgh  (n.  132).  A  <ol  lection  of  about  200Oambrian 
fossils  from  Skyc  and  anout  20  specimens  of  graptolitrs  from  the 
Wenlock  rocks  of  tho  Pentland  Hills  have  boon  (h  tcrinined  by 
^fn.  Peach.  Thus  in  all  upwards  of  1,200  fossils  have  been 
determined  during  the  year.  Some  of  the  more  important  re^sults 
of  the  examinations  have  been  embodied  in  previous  pages  of 
this  volume. 

During  the  year  thcro  have  been  figured  from  the  Scottish 

Surv^ey  Collection  in  the  Museum  of  Science  and  Art,  Edin- 
burgh, for  the  monographs  of  the  Palasontographical  Society 
for  1898  the  ioUowiug  specimens : — 

By  T.  Hi! PERT  JouBS  and  Db.  H.  Woodwakd  in  their  " Falieozoic 

Cdlyptocarif  «tna/a*  Woodward.   One  speciniou. 
DiwyroeartB  CvUi,  Portlock.  One  Rfiecimeiu 

„        glabra^  Woo<lw.  and  Kth.    One  s|)ecinien. 

„        f/ninulofa,  Woodw.  and  Kth.    Two  8{>ecimea8. 

„        l(tte>ftlis(,  M'CV>y.    Two  specinieus.  ^ 

„       Mw/Zf,  WchkN.  and  Eth.  One  spedmeii. 

„         tnmrnts,  i<v I  t\i\vr.    One  .sjxx-iiuen. 
By  ]  >i(.  WuKKLTON  UiND  iu  his    British  Carboniferous  lAmeliibrau' 

citiatu  "  :  - 

Prototekixiudwt  tKquilatemlh.  M  H  >  >y.    Two  specimens. 

mt'^ulntihs,  .    Two  sjH'fimons. 

„         ofdiqutUy  M'Coy.    Two  six;cunt'ns. 


IV.— PRACTICAL  APPLICATIONS  OF  THE  WORK 
OF  THE  GEOLOGICAL  SURVEY, 

Froni  the  begimiing  of  their  existeuce  the  Geological  Survey 
and  the  ^^nsonm  <>(  Pra<  li( m!  (iroldgy  have  had  regard  to  tho 
industrial  and  economic  ap})lifiit ious  of  Geological  Science. 
Every  yenr  the  jjractical  usetulnoss  of  the  dal.i  collect ed  l>y 
these  uistitutions  is  Ixjcoming  more  widely  recognised,  so  thai  a 
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large  part  of  the  time  of  the  resident  officers  in  London, 
Edmbuij^h,  and  Dublin  recfuires  to  be  ^ven  to  the  suppling  of 
information  and  sniidance  in  matters  which  involve  a  knowledge 
of  geology  and  oi  the  geologit-il  structure  of  the  British  Isles^ 

Nor  are  the  questions  confined  to  these  islands  ;  they  frequently 
relate  to  the  colonies  and  to  foreijj:n  coinitrius.  ftundreds  of 
applications  are  made  every  year  by  the  ireiieral  public,  while 
the  various  public  depai-tments  arc  constantly  rcquestmg  advice 
in  similar  directions^ 

During  the  past  year  entjiiiries  have  been  frequent  with  regard 
to  buUdmg^sites,  especially  m  the  neighbourhood  of  London,  the 
publieatinn  of  the  Stm^ey  volnmc  on  "  Soils  and  Subsoils  "  having 
cjiUed  public  attention  to  the  inijH'i  tMnce  of  a  careful  considera- 
tion ot  this  subject.  A  large  proportion  of  the  applications 
have  had  referencu  to  questious  oi  water-supply,  and  the  maps  of 
the  Survey  (on  the  scale  of  six  inches  to  a  mite)  are  found  to  be 
invaluable  in  such  matters,  as  well  as  generally  in  sanitary 
engineering.  These  maps  are  for  the  most  part  unpublished,  the 
large  scale  and  the  consequent  cost  of  engmving  having  hitherto 
prevented  their  publication.  But  niannseri]it  copies  of  them  are 
dej>osited  in  each  of  the  three  otlice^s  of  the  Survey  (London, 
Eoinburgh,  and  Dublin),  for  consultation  by  the  public,  and  they 
are  largely  made  use  oi. 

Among  other  subjects  in  which  advice  has  been  sought  for, 
mention  may  be  made  of  soils  in  relation  to  agricultural  develop- 
ment; sites  for  market  gardens ;  situations  for  cemeterie-s;  routes 
for  light  railways;  position,  extent  and  quality  of  huilding-stone.s, 
limastones,  roud-inetal,  coal-se.niis,  and  eofil-miiiiii'^,  metallic 
ores,  |)eat,  and  many  other  stones,  rocks,  and  minenUs. 

Among  the  Public  Departments  which  have  sought  the 
assistance  of  the  Survey,  reference  may  bo  made  to  the  Local 
Grovemment  Board,  ancl  e.s^)ecially  its  medical  and  engineering 
branches;  the  Board  of  Agriculture,  the  CJolonial  Otiicc,  the  War 
Office,  the  General  Post  Office,  the  Ciovernnieiit  Lahoratorv  at 
Deniemra.  (K'c.  Information  has  also  been  given  to  ilie  Society 
of  Antiquaries  in  respect  to  iionjan  tesscrui  obtauied  at  .Siicliester. 


v.— iyiAPS,  SECTIONS.  MEMOIRS,  &c.,  PUBLISHED 

DUKING  .  1898. 

A.  — OFFICIAL. 
I-1CAF8. 

1. — Enylaud  and  Wahs. 

New  Series, — ^Thirteen  sIkxjIs  of  the  New  Series  of  one-inch 
maps  have  been  published  during  last  year,  viz. : — 

Sheets  3«,  4.-),  r>a  and  Tu  in  one  sheet  («  No.  100  OW  Series),  Iste  of 

Man.  >»y  n.  W.  Lamplihh!. 

Sheet  267,  Xewluiry.  hy  \\  J.  1'>i:.\nktt. 

Sheet  268,  Iteading,  by  J  11.  iiL.vKK,  with  part  by  F.  J.  Bennott. 
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Sheet  283,  Andover,  by  F.  J.  Ben  n  i  ri  and  C  E.  HaWKINS.  * 
Sheet  300,  Alreslord,  by  (J.  K.  H  awkins. 

Sheet  32dt  Dorchester,  by  C.  liEWf  A.  SxaAHAN  aod  A.  J.  Juua- 
Bbownb. 

Sheet  350,  Torquay,  by  \V.  A.  E.  [JwHKB, 
Sheet  3fi5,  Kingsbridge^  by  W.  A.  E.  UsaHBR. 
Sheet  366»  Start  Point,  by  W.  A.  £.  Ussheb. 
Of  the  above  maps,  that  of  the  Isle  of  Man  and  of  Reading  are 
issued  in  two  editions,  Drift  and  Solid ;  the  other  maps  are  only 
issued  with  Drift. 

Old  Series.  Quarter-sheet  46  S.E.,  Drift  Edition,  has  l>rcn 
published,  the  survey  haviiiu:  b(>eii  made  by  W.  VVurTAKER, 
A.  C.  G.  Cameron,  and  A.  J.  Jukes-Buowne.  Quarter-sheet 
54  N.W.,  Revised  Edition,  Solid,  has  been  published  with 
levbions  made  by  W.  Gibson,  as  notified  in  the  8wmman^y  of 
ProgrtSB  for  1897  (p  67). 

Q&MTal  Map  on  the  Scale  of  Four  Miles  to  an  Inch. — The 
colour-printed  edition  of  this  map  has  now  been  completed, 
Maps  Xos.  5  and  14,  the  two  remaining  Sheets,  having  been 
published  during  the  yeiir. 

Six-inch  Reference  Mam. — 102  MS.  Coloured  Copies  of  six- 
indi  sheets  and  quarter-sheets  have  been  made  from  the  field- 
copies  and  deposited  in  the  office  for  public  reference.  These 
are  as  follows  :-— 

Bedford.shire.— 33  S.W. 
Berkshire. --28. 

Brecknockshire.— 32  S.E. ;  33  S.E.,  S.W.;  34  S.W. ;  38  N.E.,  S.E.;  39 
N.E.,  N.W.,  S.E,  S.W.;  40  N.W.,  S.W. :  44  X.E.,  N.W.,  S.E., 
S.W.:  45  N.E,  N.W.,  S.E.,  &W.;  46  N.W.,S.W.;  48  N.E.; 

50  X.E. 

Bttckin;?hiiinshire.  -  13,  14,  20,       -21,  28,  29,  33. 

Oomwall.-37  N.E.,S.E.;  .38  N.W.,S.W. ;  45  N.W.,  S.W.,  N,R,SwK; 

46  N.VV..  S.VV.i  54  N.VV.,  N.E.,  S.E.j  55  N.W..  S.W. 
Devonshire.— 23  S.E. :  24  S.E.,  S.W.:  34  N.E  ;  35N.W.:  107  N£, 

N.W.;  111  N.W.,SE.;  1 17  N.E.,  N,W,,  S.E,  &W.;  119  N.W. 
Glamorganshire.— 25,  33,  39,  40,  .50. 
llamp-shirc.    48,  5T,  03,  04,  05,  74,  75. 
Isle  of  Man.— 5. 

Lancashire    ion  X.K.,  S  F. .,  N.W.,  S.W.  ;  113  N.E.,  N.W.  (Ck)pie8 

matlc  from  uiaj>.H  lent  bv  Mil.  G.  il.  MOKTON,  F.G.S.) 
TA'icesterHhire.   30  N.E.,  S  i  :  ;  37  S.W.,  S.E.;  38  S,W. 
Mi<MlesL«.\.    n  S.W.  ;  h;  N.W.  • 
NorthannitoiLshue.    10  S.W. ;  «l  N. W.,  S.W. 
OxforflKhirc.— 18. 

Soinorsftshire.-  !)  X  K  ,  S.W.,  S.E.;  10  N.W.,  S.W. 
WoricskMshire.-  10  S.W.^  16  N.W. 
WilUshiro.    70,  71. 

Besides  t\w  maps  above  referred  to  as  published  during  the 
past  year,  the  follow in<(  seven  sheets  of  the  one-inch  map  (New 
Series)  aro  in  the  hands  of  the  engravers : — 

\",  A th<M>^tntio        ]>;irt  of  ('harn\v(M)d  Foicst. 
24H,  I'outypriUU  m  the  South  Wales  Coiil  held. 
2H2,  I)e^^ze,<^  and  part  of  Salisbury  Plain. 
325,  Exeter. 

.339,  Newton  .XHliotand  Teignniouth. 
340,  Olterton.  near  Hudleigli  Salterton. 
348,  PlyiDOUtn  and  Ivybridge. 
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Other  slieets  nearly  ready  for  the  engrayer  are:  

123,  Stoke-on-Treut 
187,  Huntingdon. 
203,  Bedford. 
22<),  Leigh  ton  Buzzard. 
231,  Mcrthyr  Tydtil. 
261  and  2f)2,  Bridgend. 
31",  Sfrnthanipton. 
316,  Havant 

2. — Scotland. 

Two  sheets  of  the  one-inch  map  of  Scotland  have  been  p!il>- 

lished,  viz. : —  , 

19,  Argyllshire. 
8ft,  Elginshire. 

Also  revised  editions  of  the  following  four  sheets : — 

7,  Avrshire. 
40,  Fife  and  Kinross. 
57,  Forfarshire,  Ac 
67,  Kincardineshire. 

Two  sheets  of  the  one*inch  map  ore  in  the  hands  of  the 
engravers,  namely : — 

46,  Tyndrum  and  Balqiiliidder. 
Blair  Athole. 

Other  maps  are  nearly  ready  for  the  engraver,  namely : — 
27,  North  part  of  lalay. 

37,  Inverary, 

3<^,  L'K  1)^)  Lomond  aud  Katrine. 
Huiitly. 

3. — Irebind. 

A  revised  edition  of  Sheet  29,  Carrickfeigus,  haa  been 

publish  pf] 

Revised  editions  of  Sheets  37  and  3a  have  been  prepared  and 
will  shortly  be  published. 

Duplicate  copies  of  the  following  sheets  of  the  six-inch  scale 
county  maps  have  been  prepared  and  deposited  in  the  Dublin 
office  for  public  reference': — 

Co.  Waterford.-  -Part  of  Sheet  3. 
Wexford.— Sheets  29  and  49. 


II-MEMOIRS. 
1. — Encjland  ami  Wales. 
Six  Memoirs  have  been  published  during  the  year,  viz. : — 

"Summary  of  Progress  of  the  (Jeological  Sttr\'ey  of  the  Ignited  Kingdom 
for  1  Hf>7.  with  an  Introduction  regarding  the  History,  Organisa- 
tion, and  Work  of  the  Survey,"  pp.  vii.,  176.    Price  Is. 

" The  Geology  of  the  Country  un )uiid  Bournemouth."  (Explanation  of 
Sheet  329,  Kew  Series!)  By  CIiBMBNT  Bked^  ppi  iv^  12.  Friee  4d. 
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*' The  ( ieolo^cy  of  tlu'  Country  aroiuul  I'lsistljouiiic"   (Explanation  of 

Sh«M?t  334,  New  Scries.)   My  (-.  Keid,  wi.  iv.,  15.    Vncv  (mI. 
"Supi'lrriiont  to  the  (looli»;;yof  l]u-  N\iLrh1>o'n  li- ^ -1  i.f  Flint,  Mold,  and 

litithin.  "  (IvxplunatitMi  of  Oiuutor-shcct  TliS.E.,  Old  .Scrieiw)  By 

AUBIIKY  Srit All  \N.  |»|«.  7.    I*pir<-  2d. 
"The  <t<"<'l'i-\  o|  till-  Isle  (.(  riirlH  t  k    «  i  '  Wi'viiioutli.  "  (KxidanatitiM 

ot  SlitM  ts  ;m.        mimI  :U3,  Nuw  Seriv^)    By  A.  Stilvuan, 

|>|'.  -I'X.      Vl'U'v  UK.  (id. 

**Tlu'  (Jr<»l<»j^y  of  thr  Bordci.-*  of  tlic  Wiislj,  iiuludiui,'  Boston  and 
HiinstHiiton.'  (KxplanaTinii  ..f  Sli.  ft  Old  Series.)  By  W. 
Wiin  AKKK  and  A.  .1.  .U  hh.s  liuowNE,  pp.  vi.,  1 17.    Price  38. 

Besides  tlie  Memoirs  which  have  heen  jniblished  during  the 
year,  several  others  arc  tar  advanced  or  nearly  ready : — 

/»  /A«  Press, 

"  The  Water  Supply  of  Sussex  from  Underground  fSources."   By  W. 

Whitaki  k  iiid  ('.  Bkiu.    [l*ul>lished  181)1),  Price  'Sa.] 
''Tlir'  (ieol».;^'y  of  the  Country  around  CurHsle."    (Kxplanation  of 

Slieets*!!,  10,  and  17  New  Serie.s,  107  Old  Series.)    By  T.  V. 

IfoLMEH.    [Published  18:>JJ.    I'riee  l.>*.  3d.] 
*'The  Cret;uvou.s  Ho<-k<  of  Britain,"  v.»l  i.    Tlir  (hm\t  and  Upper 

Greciuiaud  of  England.   By  A.  J.  Jukes-Browne. 

In  Prejtamttoti. 

"  TIm'  (  Je(.lo;,ry  of  the       of  Man. '    !U  O.  W.  1.ami-liu;h. 

"The  (ieoloL^y  <»f  Pnlford,  Holy  Island,  and  the  Faroe  Lsland^ 

Xorthunil>er)and."    Jiy  W.  GuSN. 
'*Tlu>  rieo|o;^'v  of  the  Country  around  Kingsbridge  and  Salcombe."  By 

W.  A.  K.  TSSHI  !T. 

"The  Geology  of  the  Country  around  Heading."'    By  J.  H.  Blakk. 
**  The  Geology  <rf  the  Country  around  Dorchester."   By  C.  Reid. 

"The  f}eolo;.^Y  of  the  Country  between  Athei-stone  and  CharnwotKl 
Komst.'^  By  C.  Fox-fciXKANOWAVS,  with  Notes  by  W.  W. 
Watth. 

"The  ( i«'<»logy  of  the  Country  around  Newport,  Mon."  By  A.  Stuahan. 
^*  Guide  to  the  Geology  of  London."  »Sixth  Edition.  By  W.  Whitakeb. 

2.  — Srofldud. 

No  memoir  has  been  issued  diiriiiLT  tho  past  year,  but  tlic  first 
viduine  nf  tli*  nnirral  Momoir  on  liie  Silurian  R<»cks  of  Hrituiii 
which  (  (tiisisl  s  of  a  full  detailed  account  of  the  Sibuian  formations 
of  the  SduiIutu  Uj)Iunds  of  Scotland,  is  jxissing  through  the  press, 
aiid  will  be  pHhli.shod  ininicfHatelv. 

Tho  imp<»rt;tnt  Memoir  referrcff  to  in  last  Sumntdry  of  Pro- 
gt'esfi,  as  having  been  planiud  for  tlio  description  of  the 
com])li<  ated  rcLfion  of  the  north-west  lliudilands  has  made  con- 
siderable ])r<)Lrivss  diu'ini;  the  past  ytar.  It  is  expected  to  be 
ready  tor  the  press  by  the  end  of  the  proseut  year. 

3.  — Iv  III  lit  I. 

A  Memoir  on  the  Soils  and  Subsoils  of  Ireland  has  been  pre- 
pared in  the  Dublin  Ollico  by  Mi{.  KtLHoF.  with  the  partial 
assistance  of  bis  (  (dlcau^tics,  M  KssKs.  Nolan,  I''<.  a\  and 
M<  IIknhy.  This  work  when  puMisbcd  will,  it  is  hoped,  be  of 
considerable  servie^^  in  the  cause  of  Irish  agriculture, 
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B.— Non-Official. 

The  following  is  a  list  ot  the  nuii-uliieial  publications  of  the 
membors  of  the  staff  during  the  year  1898  : — 

Barrow,  O. — "On  the  Occurrence  of  (.'liloritoid  in  Ivincardine«hire." 
Quart.  Jour.  Oeol.  8oc.»  vol.  liv..  pp.  U'J-I  VJ. 

Bi.AKK,  J.  U.— *'Excun»ion  to  K«adiiij$."    Proc.  Oeol.  Ansoc.,  vol.  xv., 

pp.  :m-ao,H. 

Cantku.l,  T.  C.  "The  Conttnts  of  a  Cam  at  Yntradfellte,  co.  Brecon." 
Ai-ii  t  ,i„f{,t  Ciiinhtrii*in,  r>tli  .M'rit's,  vnl  xv.,  JiS-iifn,  July,  1698 ; 
alsi»  Journ.  Autiirop.  liwUt  August  and  November,  IhUft,  pp.  3,  4, 

Qeikie,  Sir  A.--''Tytiesof  ncen^aiid  their  Influence  on  Literature": 
the  Itoniani  ^  L<  cture  for  189R.  8vov  London.  Hummary  iu  A^ature, 
vol.  Iviii.,  p.  i7}>. 

Geikik,  Sir  A.  "Antarctic  Ocolo-ry.  "  Iitn»urk>at  McttinLMif  tJu-  Koyal 
Society  held  »in  February  24,  \HUH,  U>  consider  the  Si  ientific  A<lvanta;^t  s  of 
an  Antar.  ti.  Kxpe(liti<»n.  Proc.  Itoy.  Soc.,  vol.  bcii.,  pp.  446-44U  ;  and 
Saturf\  v.>i.  Ivii.,  p.  4 JO. 

Gbikie,  Sir  a.  "Science  in  Kilucatiun."  Addre.sa»  U>  tlie  8tudetits  at 
Mu^oTi  Uuiveraity  College,  Birmingham,  Octoher  4, 18i)8.  ATafiirv,  vol.  lix., 
p.  108. 

OooDCHiLD,  J.  G.—** Obituary  Notice  of  Dr.  Heddle."  ifineraloffieat 

Mnrfflne,  18}i8. 

GuNN,  \V.  "Vrttrs  f»n  tlif  rkolu^^'y  (.f  tfv^  \Ao  of  Arran."  Trails,  of 
the  fxlinl»iir!j:}i  ( ic'lM-ii  iil  Socirty,  vol.  vii.,  [i. 

OuNN,  \V.  "Xotei<  on  the  Correlation  of  the  Ixjwer  Carboniferous 
Bocks  of  Knjrland  and  Sc(»tland."    (  Jeol        •  .  T  i.  <    I\  .,  vol.  v.,  p.  .342. 

HAJiKEK,  Alkkeo.— " The  Natural  History  ot  igneoas  JI<  cks.  II.  Their 
Forma  and  Habits."  Science  Progresw  (N.S.),  vol.  ii.,  pp.  iO:i  iia 

Harkkr,  Alfrkd.—"  Norwegian  Hln  in^  porpliyries  in  the  HoidertlCKit 
Boulder-Clay Proc.  Vork.'<.  (  Jeol,  Pul.  .Soc.,  vol.  xiii.,  pp.  ±l\)-'im, 

HARfCBR,  AtFRBD. — "  Petrotfraphical  Research  among  Sedimentary 
Bock-."    Trails.  Hidl  Oeol.  Soc,  vol.  iv.,  pp.  IT-i'O. 

JuKE-s-iiriowNK.,  A.  J.— "On  an  Outlier  u\  Cenonianiaii  and  Turonian 
[equivalent  to  Lower  and  Middle  Chalk]  near  Moniton,  with  a  Nolo  on 
HtdatUraHtu^  Ag."  Qimrt.  Journ.  (  Jeol.  So<-.,  vol.  liv.,  pp.  i30-250. 

J!;ke.s-Browm%  a.  .1.  "Tin"  Ueliniitation  of  the  Albian  and  Ceno- 
maniaii  in  France.     Nat.  Science,  v<j1.  xiii.,  i>j>.  lU3*i01. 

JuKBt-BRowNE.  A.  J.—"  Les  Limites  du  Uinoitianien."  It^iKinise  h  M. 
Gu>tave  v.  Doluus.    La  Feuille  dea  Jeunes  NaturaliHtetj,  Ser.  III., 

Aug.,  1808. 

Jukxs-Browke,  A.  J.  and  J.J>fiLNE.~"On  the  Cretaceous  FcM8iI«  found 

at  Morcseat,  Al>erdeenshire."    Oeol.  Mag.,  Dec.  IV.,  vol.  v.,  pp. 

Lami'I.i'kh,  G.  \V.  -"  Some  0)K^'n  (Questions  in  Ka.st  York,sliirc  (Jeology.  ' 
Tiaiis.  Hull  (ieol.  Soc,  vol.  iv.,  pp.  21-30. 

Xkwton,  B.  T.-  "Prthe(»lithic  Man."  Piv»identi»d  AddiVHs  to  the 
Geologists'  As.sociatt"n.    l*ro<'.  (Jrul.  .\h.soc.,  vol.  ,\v..  p.  24(;.  IS'jM. 

Newton,  F1  T.  and  J.  J.  Jl.  Tea ll.—"  Additional  Nolens  on  llocks  ami 
FoHsils  from  Franz  Josef  Land.*'  Quart.  Journ.  Oeol.  Soc,  vol.,  liv  \\.  64(5. 
1898. 

Held,  C. — *'The  Ejjccne  Dej[josit8  of  Devon.  Quart.  Jouru.  Geol.  iS«>c., 
vol.  Kv.,  1898,  |)j>.  234-238. 

Keit),  C.  -"On  Li/inior.trnuit^Anew  Oenu»  of  Fossil  Plant.*?  fnm»  the 
Tertiary  DepoiiiU)  of  HauipKiiire.''   Journ.  Linn.  Soc.  Botany,  vut.  xxxiii., 

pp  ti>4-4(i<;. 

liKin,  ('.—  "Further  ( 'ontributions  to  the  Geological  Hixtory  of  the 

British  Fh»ra."    Annals  of  liotany.  vol.  xii..  pj'  J  J I  2."»(>. 

8HAR.MAN,  (i.,  and  E.  T.  Newton.--" Noto  on  .«oiue  Additi«»nal  Fo.s.-il.-j 
collected  at  Seymour  Tnland,  OrabamV  Land,  by  Dr.  D<Muihl  and  Capt. 
il«in<en.''    Proc.  IJ<»}-.  Sf>c  l\«lini>urgii,  vol.  \xii.,  ji.  .'iH. 

SXttAHA.v,  A.  "On  the  l{e>isioM  ot  South  Walt  s  and  .Moimiout'  .vhire  l«y 
the  Oeologiciil  Survey."  (Hrit.  Assoc.,  Brist.,il,  i  sijs.)  Geo!.  Mii^i.,  Dec  1\  '., 
viA.      pp.  48H-493. 
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SxRANMiWAYS,  C.  Fox — *' fcJcctioua  along  the  l^iiicashire,  Derbydhire,  and 
East  Ci>a.st  Hallway,  between  Lincoln  and  Chesterfield"  Quart  Journ.  Geol 
Soc,  vol.  liv.,  i»p.  I.j7-167. 

TbalL)  J.  J.  H.— "A  riiiMyhatused  Trachyte  from  Clipperton  Atoll, 
Northern  FlAcific"  Quart  Joum.  Geol.  Soc,  vol.  liv.,  pi).  290-S38. 

UssHEK,  W.  A.  £L— **The  Geological  Structure  of  Beron.*'  Trans. 
Plvniotith  Tn«t. 

nEUU,  C.  B. — '*  On  the  Coralliau  Rocks  of  Upware  (Caiiibs).'  Quart. 
Jouin.  Geol.  Soc.,  vol.  liv^pp.  601-619. 

Woodward,  H.  B.— "Uti  Arl)or&scent  CarhouiferoiLs  Limestone  from 
near  Bristol."  (Brit  Assoc.,  Bristol,  1808.)  UeoL  Mag.,  Dec  IV.,  vol.  vi., 
pp.  77,  78  (1889). 
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Acton  Turville,  190  I 
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Allen,  IL  A.,  1  I 
Amut, 

Analv><e8  of  Rocks.  42^  43,  ^  127.  lt>0. 

An<let*ite,  72^  111  j 
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Arenig  KtH-kn,  Ireland,  r><t-r>H 

ArKj  lTshire,  4^  5,  38,  152,  169,  18«  ' 

Arklow,  57,  as.  ! 

Arran,  Isle  of.  5.  20,  52,  53,  93,  131. 
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Balquhidder,  37,  3^  I 
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Barrow,  G.,  2,  5,  20  23,  25-27.  88,  120- 

122.  135-137.  164.  211 
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Bojiswy  Mine  Ironstone,  123 
Bcauly,  5,  17-18.  70,  71,  1^ 
Bell,  A.,  2Qi 
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Ben  Ledi,  32 

Bennett,  F.  J.,  3,  140,  IIL  207. 
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Bennie,  J.,  15S 
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Blackniore,  Dr.  IL  P.,  I£8 
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Bray,  al 

Brecknock,  111,  IM 
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Bridgend,  138,  201 
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Brown,  IL  T.,  135 
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Bttislem,  1^  1^  , 
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(.'alcareoux  Tirfas,  15Ji 
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Close,  Kev.  M.  IL,  Ui3 
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Cunningham -Craig,  E.  H^  5. 20. 23  25. 
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Lake  Difitrit  t.  in  Midlands,  UiS ; 

Welsh  in  Midlands,  liiS 
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PREFACE. 


The  fonowing  pt^es  contain  an  aoooiint  of  the  more  important 
results  obtained  by  the  staff  of  the  Geological  Survey  during 
the  year  1899  in  the  field,  the  inuseuiu,  and  the  laboratory.  As 
far  as  possible,  the  account  of  the  work  of  each  member  of  the 
staff  appears  as  it  has  been  reported  by  himself  In  regard  to 
the  field-work,  a  preliminary  statement  is  given  to  show  the 
general  distribution  of  the  mapping  in  each  of  the  three 
kingdoms.  This  is  followed  by  a  narrative  of  the  work  of  the 
past  year  in  the  variotis  geological  formations,  b^gimung  with 
the  oldest. 

Among  the  more  noteworthy  of  these  researches  the  following 

may  bore  bo  rcferrctl  to : — The  investigation  of  the  i^nieoiis 
rocks  of  [MTt  of  Arjrvllshiro,  and  partieulurlv  tbo  exaniination 
of  the  olivinc-inoii/.MiiiU's  and  otlicr  more  or  loss  basic  rocks 
round  the  Beinn  Bhuidhe  granite ;  the  detection  in  the  island 
of  Arran  of  what  are  probably  Arenig  rocks  with  volcanic 
intercalations,  such  as  have  been  already  observed  at  various 
places  along  the  southern  edge  of  the  Highlands ;  the  establish- 
ment of  the  eruptive  nature  of  what  were  believed  to  be  tufls 
and  i^lomerates  in  the  south-east  of  Ireland ;  the  closer  deter- 
mination of  the  stratii,aaphy  of  the  probably  Sibirian  rocks  of 
Cornwall :  the  application  of  the  knowledge  obtained  during 
the  revision  of  the  North  Stattordsliin'  coul-lijdd  to  the 
recognition  of  the  stratigraphical  position  of  the  C'oal -measures 
under  the  younger  formations  of  the  centre  of  England ;  the 
important  discovery  of  Rhtetie  strata  and  fossils  in  the  island  of 
Arran;  the  petrogiaphical  researches  among  the  volcanic  rocks 
of  the  Exeter  district  and  among  the  so-called  "ashes/*  "green- 
stones," and  "  felstones  "  of  the  east  and  south  of  Ireland ;  and 
3371.   Wt.  86683.   500—8/00.   Wy.  &  S>.  »  2 
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tlie  detection  of  phosphati(!  imdulcs  with  traces  of  probable  ooll- 
striictiiro  in  tbo  ruiriibmian  rocks — the  earliest  iiidicationb  ot 
orgjinised  existence  yet  met  with  in  Britain. 

Some  of  those  results  have  important  economic  bearingn. 
The  praotioal  application  of  the  work  of  the  Survey  continue 
to  be  much  sought  aflber  by  public  bodies  and  by  the  public 
generally,  A  brief  reference  to  this  branch  of  the  vork,  to 
which  a  large  amount  of  time  and  labour  is  devoted  by  the 
ofticers  of  the  staflf,  will  be  found  in  Part  IV.  of  the  present 
Sunn  nary. 

AlteiUluti  may  Hkuwise  be  CiiUotl  here  to  the  Catalogue  of 
Fossil  Types  and  Figured  Specimens,  inserted  as  an  Appendix. 
This  list  is  the  first  of  a  series  which  is  in  ])reparation  to 
illustrate  the  contents  of  the  Paiieontological  Galleries  of  the 
Museum. 

ARCH.  GEIKIE, 

Director-General. 

Jermyn  Sireett  Londo^i. 
im  May,  1900. 
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Several  chanj^s  have  taken  place  in  the  statt*  of  the  Geological 
Survey  in  the  United  Kingdom  during  the  pas  (  year.  Mb.  H. 
H.  HowEiJi,  who  joined  the  service  as  for  back  as  1850,  when  Sir 
Henry  De  la  Becue  was  Director-General,  reach c<l  the  age-limit 
of  f^ixty-fivr  years  on  13th  July,  and  then  retired.  His  oW\o  '  of 
l)iro(t(>r  for  Great  iiritain  bus-  not  been  tilled  up.  pending,'  a 
coiisidoration  of  the  futnro  urgauisation  and  woik  o(  the  Survey, 
but  in  the  meantime  Mr.  H.  B.  Woodward,  F.R.S.,  is  provisionally 
entrusted  with  the  duties  of  Acting-Director  for  England  and 
Wales,  and  Mr.  John  Uorne,  F.H.S.,  with  those  of  Acting-Director 
for  Scotland. 

Mr.  F.  J.  Benn  ktt.  who  entered  the  Survey  in  18GH,  has  had 
to  resign  his  ftppointnient  in  consequence  of  ill-health.  The 
vacancy  thus  caused  among  the  Assistant  Geologists  ha^  been 
filled  up  h)  the  appointment  of  Mr.  E.  E.  L.  Dixon,  B.Sc., 
A.R.C.S. 

In  order  to  press  forward  the  revision  <>f  tlie  North -Stafford- 
shire coal-field  and  the  country  around  it,  which  is  much 
roqnired  in  the  intrrr^sts  of  the  coal  indnstry,  Mr.  l\)r{>cK 
was  transferrcfl  last  year  tVom  Scotland  to  take  part  in  that 
work,  and  has  been  engaged  continuously  upon  it  since  the 
spring. 


L—FIELD  WOliK. 

The  field-work  in  each  of  the  three  branches  of  the  Survey 
has  been  continued  alon^  the  same  lines  and  in  the  same 
districts  as  were  described  in  the  Summm'^y  of  Progress  for  1898. 
A  brief  outline  of  its  general  distribiuion  will  first  be  given  here, 
and  the  detailed  results  obtained  will  be  more  fully  stated  in 
subsequent  pages  (p.  6,  <  {  w). 

England  and  Wales. — The  revision  of  th»^  coal-fields  and  of 
the  counties  where  the  superficial  fonnatioiis  had  not  previously 
been  mapped  hiis  been  stetidily  prosecuted. 
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Leicester- 
Hhire,  North 
Ht  afford  shire, 
Derbyshire, 
Cheshire,  aud 
2Shro|wiiiie. 


Middlesex, 
HautpBhire, 
Doraetb 


Oxfordshire. 


Uevun  and 
Cornwall. 


Thus  in  the  counties  of  Leicestershire,  Nortli  Statloixlshire 
Dorbyshiro,  Cheshire,  and  Shropshire,  considerable  progress  has 
been  made  with  the  examination  of  the  coal-fields,  and  with  the 
mapping  of  the  surroimding  tracts  which  come  into  the  sheets 
of  tlie  one-inch  maj)  that,  contain  these  coal-tields.  Tlie  work 
has  l>een  ruirriod  on  imdor  the  j^oneral  supervision  of  Mr.  Fox- 
Stkangways.  hy  Mr.  (ti:()i{(;fc:  Barrow,  mh.  W.  Gibson,  Mr.  T. 
1.  PococK,  aud  Mii.  C.  B.  \Vfc:!)i).  An  arui  of  l^DA  square  miles 
has  been  mapped,  with  1,341  .miles  of  boundary-line,  of  which 
789  represent  the  sub-divisions  of  the  superticiai  formations,  or 
Drifts.  The  Survey  of  tho  North  Statitbrdshire  coal-lields  is  now 
nearly  completed.  Thai  of  the  Pottery  coal-tiold  is  tinished,  an<l 
the  Tnap  is  l)oin^  prepared  for  the  engraver.  The  Siirvey  of  the 
Cheiwlle  coai-tield  has  also  Keen  tinished,  with  tip'  cxfeprioii  of  a 
few  patches  of  obscure  giouiid.  Tlie  re-survey  ot  eastern 
Leicestei-shire  has  likewise  been  extended  into  a  tract  where  the 
Drifts  had  not  previously  been  mapped. 

The  revision  of  the  southt  iii  counties  and  the  mapping  for 
the  lirst  time  of  the  superficial  deposits  of  that  wide  region  has 
been  eontiniied  along  the  same  lines  that  were  sketched  in  the 
last  Sunitniiri/  of  l^rmirmH.  Tlie  additional  duties  at  present 
undertaken  hy  AIr.  VV(M)uwari)  have  rendered  it  expedient  to 
relievo  him  of  some  of  the  sujjorvision  of  Held-worK  hitnorto 
entrusted  to  him.  Accordingly  the  mapping  in  Dorsetshire, 
Hampshire,  and  Middlesex  has  been  placed  imder  the  charge  ot 
Mr.  Clement  Kkid,  F.ll.S.  Mr.  ('a.meron  bis  continued  his 
work  in  the  Thames  \'alley.  Mii.  Uixox,  who  entercnl  on  his 
ilulio.s  in  July,  was  first  trained  in  the  Survey  metho<ls  of  tield- 
W(»rk  by  Mr.  Heid,  and  since  then  has  been  engaged  on  the  Chalk, 
Eocene,  and  Drifts  of  the  Count)'  of  Dorset.  Mr.  Reid  himself, 
besides  supervising  the  work  of  his  colleagues,  has  continued  his 
revbion  of  the  Hampshire  Tertiary  Basin  and  of  the  surrounding 
tracts  of  Wilts  and  Dorset  Tlie  total  area  surveyed  by  him 
and  his  colleagues  amounts  to  IHI.]  square  miles,  with  562  miles 
of  boundaiy-hnes,  of  which  407  relate  to  the  Drift. 

In  Oxhirdshire,  Mr.  .J.  11.  Blake,  from  Oxford  as  a  centre,  has 
surveyed  an  area  of  48  square  uiilcs,  with  1.42  miles  of  boundary, 
ineludii^  167  miles  of  Drift-linos. 

In  Cornwall  and  Devonshire  the  re-survey  has  been  continued 
bv  Mr.  S.  B.  Wilkinhon,  Mr.  W.  A.  K.  Cssiter,  and  Mb.  J.  B. 
lliM..  Tbey  have  surveyed  an  area  of  l.S.")/,  scpiare  miles,  and 
have  tniced  3f)7  miles  of  boundary,  wiiereof  152  miles  belontj^  to 
the  Drift.  The  work  iias  been  carried  on  westwards  froiu  l^iv- 
mouth  to  the  neighbourhood  of  Laskeard  and  Lt)oe.  Near 
Falmouth  the  cj.ust  and  creek  sections  have  been  studied  in 
detail  alons  an  extent  of  68  miles,  and  the  sections  along  the 
railway  to  rnno.  and  cjist wards  towards  St.  Austell  have  been 
exandned  in  order  that  the  stratijjrraphy  ot  the  district  may  be 
more  r)fMr)\-  inulerstood.  A  laiVv'  part  of  the  Land's  lind  region 
has  now  been  surveyed.  Both  Mr.  Wtlkinson  and  Mr.  Hill 
wer<5  occupied  during  part  of  the  year  in  the  survey  of  certain 
areas  in  Scotland,  on  which  they  had  been  engagocl  previous  to 
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iheir  transference  to  Corinvjiil,  and  which  it  is  desirable  that 
thoy  should  therustilves  cfjiiiidete. 

Mk.  G.  W. -LAMru;«iH,  hiiving  ( <>in[)l(  teij  the  mapping  and  the  Sa.sisex. 
Memoir  of  the  Isle  of  Man,  was  transferred  to  tno  south  of 
England,  where  his  intimate  knowledge  of  the  Lower  Cretacoons 
rocks  of  Yorkshire  and  lancobishire  can  he  made  available  in  the 
revision  of  these  formations  in  Sussex  and  Kent,  and  in  the 
proi)aration  of  a  monograph  descriptive  of  the  Lower  CreUiceous 
rocKs  of  Kngland.  Ho  has  accoraingly  licgim  the  rc-surYcy  of 
Sussex,  w  here  ho  lias  mapped  an  areii  of  50A  square  miles,  with 
11)7  miles  of  lM>u!i(lary,  including  6G  miles  of  Drift-lines.  Much 
of  })is  time  in  the  early  part  ot  the  year  was  occupied  with  his 
Memoir  on  the  Isle  of  Man,  which  has  now  gone  to  the  printer. 
Ho  was  e  ngaged  also  in  an  examination  of  the  cores  ootained 
from  !1m  (loop  borings  and  shafts  that  have  been  made  in  the 
search  ttn-  coal  in  the  souih-east  of  England 

In  the  South  Wales  coal-field  the  re-sun-oy  has  been  carried  on 
undor  the  general  supervision  of  Mr.  Sthafian',  with  the  co- 
opoiMtion  of  Mr.  R.  H.  Tiddkman,  Mr.  W.  CriusnN.  and  Mr.  T.  C. 
CAN  i  tiiLL.  An  area  of  104  square  miles  has  been  mapped,  with 
577  miles  of  boundary-line  (268  Drift).  As  Hr  Gibson,  during 
Uie  greatoi  part  of  tbo  year,  was  occupied  in  the  re-survey  of  the 
North  Startordshire  coal-tield,  his  services  were  only  given  for 
a  short  time  to  the  South  Wales  Coal-field  in  order  to  complete 
soTuc  colliery  infomiatinn.  In  future  be  will  be  ens^aged  con- 
tinuously iii  the  rc-survey  of  the  ^lidiand  coal -(list rict.s.  Jn 
South  \Vales  the  field-work  has  been  carried  on  as  far  westwards 
as  the  neighbourhood  of  Swansea.  The  first  memoir  on  the 
district,  being  the  Geology  of  the  country  around  Newport^  in 
Monmouthshire,  written  by  Mr.  Strahan,  has  now  been  pub- 
lished. 

In  England  and  Wales  the  total  area  surveyed  in  18{)l>  has 
amounted  to  7H>  s(jiinr<>  miles,  and  the  numl)er  of  miles  of  geo- 
logical boundaries  to  3,2tiG,  of  which  1,844  belonged  to  the 
mapping  of  the  superficial  deposits.  The  ratio  of  area  to 
botmdary-lines  is  thus  almost  exactly  similar  to  that  of  the 
previous  year,  every  sq^uaro  mile  of  surface  having  involved,  on 
tho  average,  the  tracmg  of  about  four  miles  and  a  half  of 
boundary-lines. 

Mr,  Ji'kes-Brown'e  has  V>een  occupie<l  in  revising  the  proofs, 
in  slips  nnd  in  na'^cs,  and  in  pivpni-ing  the  index,  of  tho  ni*st 
volume  uf  his  Alemoir  on  tlio  I ' |)[K'r  ( 'retaeeous  Rocks  of  Eng- 
land. He  has,  moreover,  completed  the  MS.  of  the  second 
volume  dealing  with  the  various  divisions  of  the  Chalk. 

Mr  Whitaker,  F.R.B.,  has  been  good  enough  to  communicate 
records  of  nineteen  wells  and  borings,  representing  3,867  feet  of 
strata. 

A  number  of  note-books  containing  record of  pits  and  qii;irries 
and  of  well-sections,  together  with  some  MS.  gcolocn  ;d  maps, 
wliioh  belonged  to  the  late  Sir  Joseph  Prestwicii,  have  been 
presented  by  Lady  Prestwich. 
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ScoTLiiND.^Th6  amount  of  field-work  in  Scotland  has  been 
somewhat  reduced  owing  to  several  ciuises,  among  which  the 

cliicf  are  the  loss  of  Mk.  rococKs  services  by  bis  transference  to 
iho  I'liulisli  sLifV.  the  detention  <>f  Messrs.  I^EArTfand  Horne 
in  iIk'  othce  until  thf  end  of  June  in  connccUon  with  the  coni- 
ph>tioii  of  a  large  Moiiut^iaph  ou  The  Silurian  Rocfks  of  Scotland, 
and  the  removal  of  Mr.  Uukne  in  the  autumn  ti'om  the  field  to 
take  charge  of  the  oiiice-work  in  fidinbuigh.  The  uiapping  has 
boon  continued  in  the  same  districts  as  were  menticmed  in  the 
last  Samniary  of  P/v«/>y',s.s. 

In  Al»erdeensfiiio.  Mn.  Baurow  mapped  '54  squnre  miles,  with 
I'il  milos  of  luMUidarv  ;  and  in  the  sjune  county  .Mil.  CUNNIXG- 
}i.\m-C  ha1(;  r('i)orts  VJ\  square  miles,  with  268  miles  ol  houndjiry. 

in  Argyllshire,  Mr.  Symes  surveyed  31  st^uaro  miles,  with 
204  miles  of  bonndaiy ;  in  the  island  of  Jura  in  that  coimty  Mr. 
Williamson  mapped  31  square  miles,  with  69  miles  of  boundary, 
and  in  Islay  he  traced  119  miles  of  new  boundaries  in  ground 
previously  sun'C}cd.  In  the  smiie  county  sdso  Mr.  wils(in 
mapped  7^  scjnarc  miles,  with  14  >niles  o[  boundary,  and  Mr. 
Kynastox  G1;j'  square  miles,  with  414  miles  of  boundary. 

In  the  island  of  Arran,  Mr.  Gunn  surveyed  9  J  square  miles, 
with  84  miles  of  boundary 

In  the  county  of  Dumbarton,  Mr  Craio  tmced  72  miles  of 
new  boundaries  in  ground  mapped  some  yeai-s  ago. 

fn  the  county  of  Inverness,  Mu.  Horneui  Strath  Nairn  mnpprd 

square  miles,  with  11  uiiles  of  boundary;  in  the  west  of  the 
same  county,  sontlv-ejist  of  Glenel^,  Mr.  Ulouuh  surveyed 
37^  square  miles,  with  416  miles  ot  boundarv^  Mb.  Wii^^>.v, 
stationed  in  the  Fort  William  district,  completed  an  area  ok 
4-2h  square  miles,  with  1S7  miles  of  boundary,  and  Mr.  Hinx- 
MAX,  with  Beauly  as  a  centre,  an  area  of  30  square  miles,  with 
168J  miles  of  boundary.  In  the  island  of  Skye,  Mr.  Harker 
mapped  29^  square  miles  witli  540 [  nii1o«;  of  boundary,  or  up- 
wards ot"  18  miles  of  boundary  in  every  square  mile  surveyed. 

In  Perthshire,  Mr.  Wilso.n  survev^ed  15  square  miles  with 
20  miles  of  boundary,  and  Mb.  Cunningham-Craig  traced 
105J  miles  of  fresh  boundaries  in  eround  previously  mapped. 

In  the  county  of  Ross,  with  Kinlochewe  and  Dingwall  as 
centres,  Mr.  Peach  map^^l  52|  square  miles  and  267  miles  of 
boundarv ;  Mt?.  Horne  m  the  west  part  of  the  Fannieh  Forest 
snrveyed  ()j  square  miles  with  oU  miles  of  boundary;  and 
Mil  Gi:nn,  in  the  momitainous  part  of  the  Braemore  and 
Fannich  Forest,  mapped  10^  square  miles  with  87  miles  of 
boundary.  In  the  eastern  part  of  the  same  county,  from  his 
station  at  Boaulv,  Mr.  Hinxman  surveyed  29  square  miles  with 
102 1  miles  of  boundary. 

In  the  county  of  Stirlinir,  Mr.  CrwiNGHAM-CRAK;  traced 
29  h  miles  of  new  boundary-lines  along  the  border  of  the 
Highlands. 

The  tot4il  areii  surveyed  m  Scotland  during  the  year  has  been 
480^  square  mile6»  and  the  total  aggre^te  tength  of  boundary- 
lines  traced  amounts  to  3,285}  mi|es.  jSacb  square  mile  mapped 


Digitized  by  Google 


DISTRIBUTiOX  IN  IRELAND. 


5 


has  thus  involved  on  the  average  the  tracing  of  6*84  uiiles  of 
boundary. 

Ireland. — ^The  whole  of  the  one^inch  map  of  this  countrv 
having  been  oonipleted  and  published,  the  field-work  of  the  small 
stuff  xetained  for  the  purpose  consists  in  revising  the  sheets  of 
the  niap,  and  bringing  it  abreast  of  the  present  state  of  our 
knowledge  of  the  structure  of  the  couiury.  Many  years  have 
elapsed  shice  the  maps  of  the  eastern  and  southern  counties 
were  completed,  and  much  new  hght  has  been  thrown  on  the 
rocks  during  the  interval 

The  first  revision  has  consisted  in  a  re-exaniination  of  all  the 
Silurian  traefesin  Ireland,  with  the  view  of  separating  the  Lower 
from  the  Upper  divbion,  and  of  bringing  the  petrofp»plnr  of 
the  ground  up  to  date.    It  has  also  include<l  the  tracing  of  the 

superficial  deposits  in  certain  counties  which  were  mapped  at 
the  beginning  of  tlie  history  of  the  Survey,  but  in  which,  as  in 
England  at  the  same  time,  these  deposits  were  neglected. 

In  Wicklow  Mr.  N(^lan  has  continued  the  mapping  of  the 
Drifts  and  the  ^cut.  In  the  same  count}',  as  well  as  m  ('ounties 
Dublin  and  \\  cxford,  s<)riH!  interesting  and  impurtaut  re-ex- 
anumitions  of  the  igneous  rocks  have  been  made  by  Mr.  Euan 
and  Miu  McHenby,  assisted  in  the  petrographicaJ  work  by 
Mb.  Sbyhoub.  In  addition  to  this  region,  further  attention 
was  given  to  some  of  the  ground  to  the  north  of  Dublin,  with 
the  view  of  obtaining  material  for  completing  the  petrographical 
determinations  necessary  to  allow  f1io  revised  edition  of  the  maps 
to  Ije  prepared  and  pul  dished.  Thus  the  tracts  of  igneous  rocks 
in  the  districts  ol  Slano  and  Bidbriggsm  were  e.Kamincd  by 
ME.SSRM.  McHenky  and  Seymour,  while  a  careful  study  on  the 
tmjund  was  made  of  ihe  dykes  along  the  coast  of  Go.  Down  by 
Messrs.  Eoan  and  Sbtuoub. 

In  Co.  Waterford  Mr.  KiiitoE  has  completed  the  task 
assigned  to  him  of  tracing  the  boundary  between  Lower  and 
Upper  Silurian  rocks.  He  bis  necessarily  been  much  occupied 
by  the  eruptive  rocks  which  form  so  large  and  iTuportant  a  part 
of  the  i^eoloorical  stnicturo  of  that  jtart  of  Ireland,  :ind  lie  has 
been  able  to  eft'ect  clianges  of  conseciuence  in  the  representation 
of  them  upon  the  maps. 

In  comicction  with  the  revision  of  the  Silurian  rocks,  Mn. 
Clark  has  continued  to  search  the  strata  for  fossils  with  the 
view  of  furnishing  palaeontological  evidence  for  the  mapping. 
Last  year  ho  was  engaged  in  the  Counties  Clare,  Tipperary, 
Kilkenny,  Wexford,  and  Waterford,  Near  the  granite  of 
Leinster  the  rocks  proved  unfossilifcrous,  hut  m  fir  New  Ross 
and  Duncannon  fossils  were  found  that  pointed  to  a  Lower 
Silurian  aj^a;.  The  well-known  fossilii'crous  localities  of  Wator- 
ford  had  already  been  fidly  examined,  and  collections  of  speci- 
mens from  them  have  long  been  displayed  in  the  Survey  cases 
in  the  Dublin  Museum  of  Science  and  Alt 

In  the  following  acooimt  of  the  chief  scientitic  and  economic 
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rosiilis obtained  l»y  the  Survey  ilurin*,'  llie  past  year,  the  various 
i,^eol«>irioa1  fonnutioii  of  th('  llritisk  Lslos  will  bo  taken  iu 
suuccsiiiun,  begimimg  with  the  oldest. 


PH£-CAMBKIAN. 

« 

RoBs-shire* 

The  mapping  of  tho  displaced  masses  of  Lewisiaii  gneiss  and 
the  crvstalhne  rocks  embraced  in  the  "  Moine  series,"  which  was 
described  in  last  SumoKtr^f  of  Progrean,  has  been  continued  in 
the  ('(Hinties  (»f  Ross  and  Inverness.  The  district  around  Loch 
Faniiicli,  westwards  to  Lodi  Ahiree,  and  eastwards  beyond  Lochs 
Luiehart  ami  (lar\ e,  has  been  further  investigulod  MES.SB.S. 
Peach,  Hokne  and  Glxn, 

Mb.  Peach,  to  whom  was  assigned  the -more  westerly  and 
easterly  portions  of  the  groimd,  has  furnished  the  following 
report  of  his  Held- work. 
Kiuluchf  wc      From  the  station  ofKinloehewe  on  Loch  Claret'  \\o  worked  out 
Hhein'  (Mr   ^^'^^^  ^'       details  of  the  complex  folds  into  which  the  Lewisian 
Peaoh.)     *  J{iioiss,  the  Uisenient  beds  of  the  Torridouian,  and  the  Cambrian 
formations  are  thrown  in  the  mass  of  rock  which  overlies  llie 
Glen  Logan  "  thrust  plane  to  the  north  of  Kinlochewe.  Besides 
being  nmch  puckered  and  folded,  tliese  strata  are  also  traversed 
by  minor  thrust-planes  and  faults,  which  add  ereatly  to  tlie  diffi- 
culty of  unravelhng  their  sti  iu  ture.    Two  small  dykes  of  lampro- 
pliyic  were  mapped,  which  have  been  intruded  since  the  period 
of  the  movement. 

From  the  s<ime  centre  Mr.  Feacu  also  completed  an  are^i  of 
about  twelve  square  miles,  between  Loch  Bosoue  and  the  River 
Bran  on  the  south,  and  the  Leckie  Bum  which  joins  the  Kin- 
lochewe River  on  the  north.  The  western  part'ot  this  ground  is 
a  high  table  land,  with  an  average  height  al)ove  sea-level  of  over 
1,000  fret,  but  dpoply  trenrhed  bv  vidleys.  while  the  eastern  part 
rises  into  the  mountain  ma.ss  of  Fiona  Jilu  inn,  which  alL^iins  a 
height  of  over  3,000  foet,  and  foniLs  a  conspicuous  landmark. 

The  rocks  of  th^  tableland  ooninst  chiefly  of  quartzose  granu- 
litic  Moine-schists  many  of  which  are  of  tiie  typical  micaceous 
flaggy  character  so  Avell  dt  veloncd  in  the  original  Moine  dis- 
trict of  Sutherland.  Towards  tne  east,  however,  they  occur  in 
more  massive  beds.  They  alternate  in  varying  degrees  with 
dark  biot  itt- schist  over  the  greater  part  of  the  tablelanil. 
Fionubheinn,  on  the  other  hand,  so  far  as  it  lias  yet  been  mapped 
is  almost  entirely  composed  of  muscovite-biotite  gneiss  or  scnist, 
together  with  subordinate  bands  and  lentides  of  quartzose 
granulitic  schist,  and  a  w  thin  sill-like  layers  of  garnetiferous 
epidioritc  or  hornblende-schist.  The  line  of  jun  tion  of  the 
more  (|uartzose  M(>ine  .s(']nsts  and  biotitc-schists  witli  tlic  luus- 
cuvilt'-))iotite-gnciss  has  been  traced  across  the  ground  now 
referred  to.    To  the  north  it  joins  up  with  the  line  which  was 
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drawn  by  Mr.  Pooock,  and  was  referred  to  in  the  Smnma  n/  for  Kinlochewc 
last  year.*    The  contimintiou  of  the  saine  hoimflar}'  has  ''^'^'^1^5^^^*'/^ 
traced  by  Mr.  Horne  and  Mr.  Gunn  fur  to  the  north  along  the  pJlSl)  ' 
western  slopes  of  the  Fannich  if  ills  into  tVie  plain  beyond. 

The  ground  mapped  last  year  by  Mk.  Peach  has  a  length  of 
about  nve  miles  from  west  to  east  across  the  strike  of  the  beds. 
Throughout  its  extent  the  apparent  dip  of  the  strata  is  towards 
the  east,  at  angles  vaiym^  m»m  20*  to  40\  This  arrangement 
arises  from  their  bein^  tnrown  into  a  series  of  isoclin;il  folds. 
Many  of  the  minor  folns  am  be  seen  in  dip  section,  while  the 
existence  of  others  of  greiitor  amplitude  can  be  demonstrated 
by  following  the  layers  of  biotite-schist  round  the  ends  of  the 
folds,  where  the  "pitch"  allows,  so  that  what  might  appear  to 
be  suocessiTe  outcrops  of  different  bands  of  biotite-schist  have 
thus  been  proved  to  belong  to  one  and  the  same  band.  Further, 
there  is  strong  presumptive  evidence  that,  notwithstanding 
that  the  dip  of  all  the  structures  is  towards  the  east,  there  is  a 
genemlly  descendinL.,^  order  of  succession  of  the  strata  in  that 
direction.  The  apparent  tlip  of  the  fpuirtzose  granulites  beneath 
the  muscovite-lnotite-gneiss  of  Fionn  Bheinn  is  due  to  their 
forming  the  western  limb  of  a  much-compressed  and  overthrown 
anticlinal  fold  of  great  width.  In  the  mountain  itself,  no  core 
of  rock  of  the  type  of  the  Lewisian  gneiss  has  been  observed ; 
but  granulitic, homblendic  and  biotitic  gneisses,  like  those  which 
have  already  been  described  from  Sgurr  Mhuillin  and  Loch 
Luichart.t  and  surrounded  by  Moine  schists  and  muscovite- 
biotite-gneiss,  crop  out  in  the  stream  which  drains  the  southern 
slopes  of  Meall  an  Thuim  Bhain  at  the  extreme  eastern  lunit  of 
the  area  surveyed  last  year. 

From  Dingwall  as  a  centre  Mr.  Peach  was  able  to  reach  the  Loc'' 
ground  between  Anrhtemecd  and  Lot.-li  Luichart  and  to  eon- 
tinue  the  work  well  into  the  southern  flanks  of  th(  Hen  Wyvis(Mr.  Peach.) 
moimtains.  Tlie  same  gixjups  of  rock  as  were  mapped  in  the 
previous  vear{  were  agam  met  with — (a)  a  series  of  granulitic, 
nomblenaic  and  biotitic  gneisses,  which,  with  dyke-like  masses  of 
peridotito,  o( cur  on  the  crests  of  some  of  the  anticlines,  and  are 
presumably  Lewisian ;  and  (6)  an  overlying  series  made  up  of 
srhists  or  gnei.^ses  of  two  types,  tlie  pn»vniHTii3f  one  being  a 
graniditii;  quartzose  schist  witli  more  or  less  mica  (Moine-srhist) 
and  muscovite-biotite  gneiss.  Tliin  bjinds  of  gjirnetiterous 
epidiorite  and  hornblende-schist,  thai  occur  as  sills  both  in  the 
Moine-schist  and  the  muscovite-giieiss,  appear  to  have  been 
intruded  into  the  rocks  j)rior  to  their  foliation  and  certaiidy 
before  their  plication,  since  thev  follow  the  numerous  folds  into 
which  these  are  tluown.  Tn  addition  to  the  sills  of  hornblende- 
srhist  the  only  other  foliated  ii^neous  rock  associated  with  the 
schists  is  n  sill-like  ma.ss  of  augen-OTieiss  or  granite  like  that 
mentioned  in  the  last  tSainniary.    This  sill  may  possibly  bo 

*  Summary  qf  Prognu  for  1886,  pp.  15-17. 

t  Op.  cit,  pb  7. 
X  Op*  eit.t  pp.  7-11. 
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Loch  continuous  wiUi  one  of  those  croflsed  by  the  railway  near  Loch 
GarvIT'^*  Luichart,  though  the  actual  connection  between  them,  if  it  exists^ 
(Mr  is  masked  in  the  intervening  m-ound  by  drift.    Its  outeron  has 

been  traced  from  nearthc  road  uetwoen  l^ch  Luichart  and  Corrie- 
iiioillie  north-eastwards  under  the  Old  Red  Sandstone  niitliors  of 
Ben  a  lihric  ami  Ben  nan  Cabag  across  the  watershed  towartls  the 
outcrop  mapped  by  AIk.  Gunn,  who  has  followed  it  mto  the  wuil- 
known  exposure  at  the  bridge  which  crosses  the  Blackwater,near 
Inchbae.  From  its  prouiineuce,  its  mode  of  weathmng,  and  its 
prokmged  extent,  it  has  supplied  a  vast  number  of  boulders 
which  have  been  flispcjrsed  tar  and  wide  over  the  basin  of  the 
Moray  Firlb.  and  niUm]  exveWvni  evidence  of  the  movement 
of  tho  iee  whii-h  Imiisporlod  tboin. 

Gnu  thin  dyke  of  lanipropiiyre,  nowhere  more  than  10  feet 
broad,  has  been  traced  in  an  east  and  west  direction  for  several 
miles  a  little  to  the  north  of  Loch  Luichart  This  is  the  only 
unfoliated  igneous  rock  met  with.  Altliough  the  date  of  its 
intrusion  Ciinnot  be  directly  detemimed,  it  may  be  inferred  from 
the  fact  that  a  mica-trap  of  somcwhrit  similar  type  was  found  to 
cut  an  outlier  of  the  breccia  <f  the  Gld  Ke<i  Sandstone  to  the 
east  of  Loch  Garve.*  It  is  probable  that  the  laiiiprophyres  of 
this  district  are  of  later  date  than  the  basement  beds  oi  the  Old 
Red  Sandstone. 

Fannioh  .  The  mapping  of  the  mountainous  re<^ion  of  the  Fannich  Forest, 
Im^h  which  some  account  was  i^nvcn  m  the  last  Siuuniari/  of 

{  r.    ome.)  y>,y>^^,y,^^.  f  ^^..^^  apiin  n^sumeci  l)\  Messrs.  Hobne  and  Gi;xN, 

the  toiiner  working  southward,  tko  latter  northwards  towards 
Loch  Broom. 

Mr.  Hurne  reports  ihat  from  his  station  at  Cabiue  to  the 
west  of  Loch  Fannich  he  surv^  ed  ground  along  the  southern 
slopes  of  Sgurr  Breac  and  A'Cnailleach  (3,276  n.),  the  western 
peaks  of  the  Fannich  group,  westwards  to  nctr  An  Groban 
and  southwards  to  the  C'abuic  river.  This  tract  lies  to  the  south 
of  the  :irea  mapped  by  ?itH.  d't  WN,  and  to  the  north  of  that 
.  mapped  by  Mk.  P*>c«>(JK  during  1808.  The  crystalline  sciu.sts 
met  with  in  it  belong  to  the  Siime  well-delined  •groups,  which 
have  been  previously  described,  but  of  which  a  brief  enumeration 
may  be  here  repeated  for  the  sake  of  clearness  in  the  following 
descriptions  of  the  latest  results  of  the  field-work. 

1.  Acid  gneiiM,  with  bamc  Ieiiticle»  and  bands  d  liornblendxHichist, 
c[>idioriti:  utul  Kanietiferolu  hornblende-rock,  rei»einbling  certain  types  of 

Lewisian  ^nciiji>. 

2.  Mawive  biotite-gnciiss,  highly  gurnetiferotm  in  places  with  irregular 
iiiiissi'.s  of  gametiferoua  homblonde-rock.    (Meall  an't  8ifche  and  Meall 

l)ul»li  ) 

:i.  (Jnimilitic  niuirt/.us«3  .schist  or  gnoLs.s  -  ^iiHrtz-biotitc-gianuiile  or 
Mt>iii''  s;  lust.    (.Aleal)  a' Ciira.sf^iudli  rock.) 
4.  Fiagfsy  biotite  schist  wifch  Nniali  garnets 

Ghoitp  1. — The  members  of  Group  1  enter  the  area  mapped  bv 
)[r  Horne  in  1899,  along  the  western  slope  of  A'Qiailleach 


*  SujHiium/  of  Progress  for  18ii8,  p.  11. 
+  Op.  ciu,  pp.  11-17. 
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t)6twe6R  the  contour-lmes  of  2,250  and  2,750  feet,  wheM  the  mok  Jhaankk 
g^nnlitic  acid  gneiss  with  folia  and  eyes  of  felspar,  and  bands  of  Kj^'^y^^j-nc 
opidiorite  and  h  ^rnblende-schist  form  a  well-marked  belt,  readily  ^  ^^'^^ 
tustingiiished  -.om  the  p^nrn*  tifernns  nuiscovitc-biotite-j^noiss 
(;^Tonp  2)  both  above  and  below  it.  Here  the  acid  j^neisscs  and 
tilt"  associated  basic  musses  have  a  gentle  enslcrl\-  dip  at  angles 
varying  fironi  10'  to  15\  Owing  to  su  LfcuLle  an  mcliuation  the 
membera  of  this  group  present  a  highly  sinuous  outcrop  for 
about  six  miles  in  the  mountainous  tract  lying  to  tlie  north- 
west of  Cabuie.  Along  this  outcrop  numerous  stream-sections 
show  the  lithological  characters  of  the  rocks.  Upon  the  crest 
of  the  dividing  ndge  (An  {>gvniian)  for  no;irly  a  the  overly- 
ing garnetil'erous  niuscovite-biotite-gneiss  has  been  icmoveflby 
dem^idation,  and  the  acid  gneiss  with  its  Ijasic  bands  is  laid  bare 
in  gentle  undulations ;  the  more  prominent  basks  bands  being 
repeated  in  the  successive  folds  on  the  crest  There  can  be  little 
doubt  that  the  more  massive  basic  bands,  which  here  consist  of 
green  hornblende  and  plagioclase  fels2>ar,  are  intrusive  in  the 
acid  gneisses,  tor  tliey  seem  to  transgress  its  foliation  |»1mm<>.s. 
In  additiuu  to  the  laro^er  basic  masses,  thin  strips  of  honibiciuK'- 
schist  and  small  lenticles  and  knots  of  hornblende-rock  in  the 
acid  gneiss  recall  famihar  features  in  the  Lewisian  meiss  of  the 
north-west  Iligldands.  The  add  gneiss  associated  with  these 
basic  masses  is  coarsely  granulitic  and  highly  quartzose,  with 
folia  and  eyes  of  fcbspar,  as  well  as  some  biotite  Mid  muscovite. 
Sometimes  it  is  lincly  striped  and  grnritilitic,  with  marked  linenr 
foliation,  approaching  tlio  quart/.use  gramilites  of  the  Moine 
type.  This  lattn-  type  is  frc(juenlly  developed  along  the  line  of 
junction  with  the  coarse  garnetiferous  muscovitc-biotite-gneiss 
(group  2). 

Ci;  L  1'  2. — The  cluiracteristic  muscovite-biotite-giiciss  of  this 
sub  division  I  juth  overlies  and  underlies  the  belt  of  acid  gneiss 
just  described,  in  the  tract  to  the  north-west  of  Cabiiie. 
Both  outcrops  are  believeti  to  be  re|ieti!ions  of  the  s;  nic  band 
due  to  folding.  The  overlyintr  umsh  is  well  exposed  on  the 
higher  part  of  A  Chailleaeh,  anil  two  small  outliers  of  the  s<uiie 
material  are  visible  on  the  crest  of  An  Sg[uman,  between  the 
Cabuie  river  and  Abhuinn  Nid.  Tlie  underlying  outcrop  has  been 
traced  from  the  western  slope  of  A'  Chailleaeh,  where  tliis  rock  is 
exposed  between  the  contour-lines  of  2,000  and  2,250  feet  south- 
eastwards  to  the  mouth  of  the  Cabuie  river  and  the  shores  of 
of  Loch  Fannicb.  Throughout  this  L^nomid  the  rock  varies 
considerably^  in  character.  The  normal  type  consists  of  large 
plates  of  biotitd  and  muscovite  with  garnets  and  quarteo-fd- 
spathie  material  in  thin  veins  and  knots,  presenting  the  characters 
of  a  coarse  biotite-gneiss.  Sometimes  along  the  simie  line  of 
outcrop  the  pegmatites  disappear,  the  plates  of  mica  become 
smaller,  and  til* •  rock  Tucr^cs  mto  a  schist  in  which  biotite  and 
muscovite  arc  ilu  chief  constituents,  or  a  fine-grained  mica- 
schist.  Occusiuually  irregular  masses  of  ^aruet-hornblende-rock 
appear  in  the  garnetiferous  gneiss,  as  for  mstance  near  the  base 
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Fannich  of  the  more  easterly  outlier  on  An  Sgunum,  and  in  the 
SS'**!!        outcrop  iiuderlying  the  belt  of  aeicl  gneiss. 

(  .  oim)  Groups. — The  flaggy  granulitic  quartz-schists  wliich  are  t  lie 
distinguishii^  featui*c  of  this  group,  appear  on  liie  col  to  tlie 
west  of  A'  Qiailleach  where  they  rise  from  underneath  the 
garaetiferous  gneiss  (gi'^^ip  2)f  and  dip  to  the  east  at  an 
angle  of  10".  The  boundurv  line  between  these  two  groups  is 
there  well  defined,  and  it  has  been  traced  south-Ciistwards  along 
the  south  slope  of  An  Sgunian  to  a  point  on  thcCabuie  river 
nhout  a  mile  west  from  Loch  Fannich,  where  ii  enters  the  ground 
mapped  in  1898  by  Mil.  PococK.  It  was  liistyear  followed  by 
Mk.  Peach  along  the  west  slope  of  Fioun  Bheinn  towarcU 
Achnasheen. 

Group  4 — ^Not  far  below  the  junction  line  of  the  quartz-schists 

with  the  gametiferous  muscovit*  iMoiite-gneiss,  on  the  south- 
west slope  of  An  Sguman,  a  iiatid  of  flai^'-iry  hiotite-schists 
with  small  garnets  appears,  with  a  -iuiilar  gentle  diji  to  the  east. 
These  schists  are  hkewise  underlain  by  riagjjfy  quartzose  schists  of 
the  Moine  type.  At  present  it  is  uncertam  whether  this  group 
corresponds  to  the  biotite-schists  of  Sgurr  Mor  Fannich,  though 
lithologioally  the  rocks  resemble  each  other.  The  result  of  the 
mapping  of  the  Fannich  mountains  proves  that  the  groups  of 
crystalhne  schists  idontlHed  hy  Mr.  Gunn  on  the  northern 
slopes  of  that  ranj^e  are  repeateil  on  both  limbs  of  a  fold  of  great 
aiiijilitude,  in  which  the  various  groups  seem  to  preserve  the 
same  relative  position  towards  each  other.  It  further  appears 
from  the  gentle  inclination  of  the  various  groups  in  the  western 
part  of  the  area,  at  least,  that  the  axial  planes  of  the  folds  must 
ue  at  comparatively  low  angles. 

One  instance  or  intrusive  rocks  later  than  the  movements 
which  deteniiincd  the  foliation  and  plication  of  the  schists  was 
found  in  the  cm  rio  at  the  head  of  Abhuinn  Nid,    It  consists  of 
a  thin  dyke  of  iaiuprophyrc. 
T,och  The  .^rotrnd  surveyed  last  year  by  Mr.  Gunn  lay  near  the 

Fannich  to  Watershed  between  Loch  Fannich  and  Lo(  h  Broom.  High, 
fiS^^fP"*®"'*  craggy,  and  difficult  of  access,  it  rises  for  the  most  part  to  a 
(Mr.buxm.)  j^^j^^j'^j  of  nioro  than  1,500  feet,  while  three  of  the  hills  included 
in  it  exceed  3,000  feet.  The  greater  part  of  his  mapping  lav 
around  Loch  a'  Bhraoin.  The  same  four  groups  of  roek  which 
he  had  established  in  previous  years,  and  which,  as  alx>ve 
stated,  were  followed  by  Mr.  Horne  on  the  southern  side  of  the 
watershed  have  been  further  traced  by  Mr.  Gunn  on  the  north 
sida  He  furnishes  the  following  notes  of  the  development  of 
these  rofks  in  the  grouTid  mapped  by  him  last  year. 

The  liiotitc-schist  of  Sgurr  Mor  Fannich  (N'o.  4)  makes  up 
but  a  small  portion  of  the  area.  In  several  places  it  anpcjirs  to 
be  much  more  plicated  than  the  tjuartz-schists  which  border  it 
on  ^ther  side.  This  difference  may  be  due  to  the  rock  having 
been  of  a  softer  nature,  so  that  it  yielded  more  readily  to  pressure 
than  the  hard  siliceous  rocks.  In  the  streiims  to  the  north-west 
of  the  head  of  Loch  a'  Bhraoin,  a  fairly  thick  hand  of  biotite-schist 
probably  represents  this  rock  or  is  a  part  of  iL   This  band, 
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howeyer,  has  not  yet  been  traced   continuously  over  Creivg  I^xih 
Rninich,  and  connected  with  the  biotito-schist  near  the  Fain  ^JSh^BrttSn 
Inn,  On  the  watershed  to  the  south-wc&t  of  A'Chailieach  a  band  Gunn.) 
ot  biotit^-schi  .t,  appai(  ntlv  iiiuch  thinner  than  the  last,  which 
has  been  folio  ved  nortliwurds  into  the  streams  that  run  into  the 
head  of  Loch  a'  Bhraoiu  from  the  south,  is  not  only  much 
thinner  thau  the  Sgurr  Mor  rock  appears  to  be,  but  also  lies 
apparently  on  a  much  higher  horizon,  not  tar  below  the  upper 
boundary  of  the  Meall  a'  C^hrasgaidh  rock  (No.  3).    Tliis  band 
of  biotite-Rchist  has  Ixsen  followed  bv  ^lu.  Horn'E  fftr  a  lonq-  dis- 
tance  on  the  south  side  of  the  watershed.    Its  relation  to  the 
Sgurr  Mor  rock  cannot  yet  be  decided. 

The  band  of  flaggy  cmartz-schist  of  ^eall  a*  Chra&gaidh 
(No.  3)  presents  a  t}^ical  Moine-type,  and  occupies  the  upper 
part  of  tlie  valley  of  the  Strathb^  River  which  runs  into  Little 
Loch  Broom,  lis  component  members  dip  to  the  east-south- 
east and  south-east,  but  near  Creag  Kaini  li  at  the  head  of 
the  vaik  y,  they  curve  round  and  run  across  ilio  ridge  to  the 
south,  while  the  inclination  changes  to  a  northerlv  direction 
along  the  north  side  of  Loch  a'  Bhraoin,  so  ihni  the  band  forms 
a  synclinal  fold,  in  the  centre  of  which,  and  forming  the  highest 
ground,  lies  the  gametifeious  gneiss  (No.  2).  Numerous  sections 
of  these  flaggy  quartas-schists  may  be  seen  in  the  small  streams 
(which  are  far  more  numerous  than  would  ii])])ear  from  the  map) 
on  the  north  side  ot  Loch  a'  Bhraoin.  The  numerous  slreunis 
on  the  south  side  of  the  loch,  near  its  head,  run  for  the  most 
part  in  glacial  drift  and  do  not  aflbrd  good  sections  of  the  rocks 
Delow.  No  intrusions  ofigneousmatenal  have  been  met  with  in 
the  Meall  a'  Chnisgaidh  rock,  and  it  seems  also  to  be  almost 
entirely  devoid  of  pegmatites. 

The  gamotiferous  gneiss  of  Meall  an't  Sithe  (No.  2)  forms  an 
outlier  on  the  ridge  north  of  Loch  a'  Bhni«»in  extending  for  three 
miles,  from  Meall  an't  Sithc  nearly  to  CreaL,^  Uuinich.  As  just 
mentioned,  it  lies  ui  the  centre  of  a  syncline,  which  is  probably 
broken  l>y  a  foult  along  its  south-eastern  side  near  tlic  loch. 
The  rock  is  often  massive  in  appearance,  and  is  lai^ely  made 
up  of  .small  bands  of  white  or  light-coloured  pegmatites,  which 
for  the  most  part  coincide  with  tli'  foliation-planes.  Irregular 
bosses  and  sills  of  a  basic  rock,  for  tlie  most  part  lioniblendic, 
are  often  met  with.  They  are  crowdetl  with  giimets,  while  large 
garnets  are  likewise  tlistributed  generally  through  the  mass  of 
thegneiss. 

Near  the  northern  edge  of  the  mass,  bands  of  a  v(  ry  acid  schist 
or  gneiss  occur,  quite  dirtercnt  in  character  A-om  the  bulk  of  the 

rocK.  The  largest  and  most  important  of  these,  seen  about  a 
mile  west  of  the  top  of  Meall  an't  Sithe,  is  almost  cortainlv  an 
infold  of  the  siliceous  rock  (No.  *i)  below.  Good  sections  occur 
in  the  cra^s  all  along  this  northerii  boundary,  but  perhaps  the 
finest  contmuous  exposure  has  been  laid  open  in  the  crag  on  the 
south  side  of  Loch  a'  Bhraoin  from  near  the  bum  c^ed  Allt  a' 
Goibhze,  which  issues  from  Toll  an  Lochain,  round  to  Allt 
Brebaig.  At  the  latter  locality,  the  rock  near  its  upper  bounduy 
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Loeh  is  in  places  comparatively  free  from  garaeu,  is  more  evenly 
Faniiich  to  foUateot  tluui  usiial»  and  contains  abundance  of  white  mica,  witn 
(MrlNiun^*  ^^^^1°  biotite.  A  ^ood  exposure  of  the  garnetiferoiis  gneiss  is 
visible  in  Allt  na  Goibhre,  out  to  the  westward  the  boundary 
between  it  and  the  silicomis  i\arxs  is  iiuich  obscured  by  drift  for  a 
long  distiince,  only  sniail  isolateil  Heeiioiis  occurring  till,  on  the 
west  side  of  A'Chailloiicli,  the  rock  again  appears  at  the  surface. 

In  Allt  na  Goibhre  above  the  uppermost  of  two  thick  bands 
of  acid  gneiss,  the  Meall  an't  Sithe  gametiierous  gneiss,  or  a  rock 
very  similar  to  it,  again  comes  out  in  grejit  force.  It  occupies 
the  whole  of  the  vallev,  spreads  over  the  bounding  ridges  on 
either  side,  nnd  forms  all  tho  upjUT  [)arts  of  A'  Chaillc-icli  and 
Sgurr  Brcac  with  tliV-  'ground  between  them,  thus  occupying 
all  the  watershed  lor  ii  di^Uiuce  of  two  miles.  On  these  hills, 
owing  to  the  comparative  absence  of  the  small  pegmatitic  bands, 
the  rock  occasionally  approaches  more  in  character  to  an 
ordinary  biot itc-sdiist. 

(  '.  'iisidcnible  additions  were  iitade  last  year  to  our  knowledj^ 
of  the  ]iliysic.il  structure  tmd  composition  of  the  acid  gneiss 
(No.  1)  in  the  area  iuaj)i)c(l  by  Mr.  Gunn.  The  rock  is 
tyi'i'Tdly  developed  at  the  liuiid  of  Allt  Hrebaig,  helwccn  S^urr 
Bicac  uikI  S^urr  nan  Clach  Geiila,  where  the  coarse-gnimcd 
^re^  acid  gneiss  has  a  marked  north-west  strike.  In  j^neral, 
It  IS  of  a  very  acid  type :  some  granulitic  parts  of  it,  indeed, 
might  at  first  sight  be  confounded  with  the  siliceous  Meall  a' 
Chrasgaidh  rock,  were  it  not  for  tlic  basic  bands  associated  with 
the  gneiss.  A  grey  granulitic  rock  with  marked  linear  foliation, 
wbicii  occurs  in  the  easu  rn  V»mnch  of  Allt  Ihebaig,  1,500  yards 
north-east  of  Sgurr  lireac,  has  been  found  by  Mr.  Teall,  on 
microscopic  examination,  to  be  composed  of  quartz,  fels^xir,  and 
two  micas,  niiih^  sphene  as  an  aoceasorv.  Not  mr  to  the  west,  in 
the  bum,  called  Allt  nan  Eilig,  a  well-handed  grey  and  cream- 
coloured  rock  occurs,  which  Mr.  Teall  calls  a  fine-j'rainetl 
giauuliti'  schist.  His  description  of  its  appearance  under  the 
microscope  is — No.  7509  :~Epidotc  (grains  and  crystals  of 
uniform  dimensions  in  the  diderent  directions  and  occasionally 
contaiiiing  brown  cores,  orthite  ?),  pale  green  pyroxene,  horn- 
blende (scarce), water-clear  felspar,  and  cpiarts,  forming  an 
irregular  mosaic  (individuals  varying  in  sizeX  sphene  as  an 
accessory :  opidote  pyroxene-gi*anulite. 

About  a  fjUJirter  of  a  mile  farther  up  the  same  streiim 
a  speciuicu  Irom  one  of  a  group  of  broad  bands  of  black, 
coarsc-gniiued,  massive  rocks  of  a  bjisic  character  is  dcscril)od 
by  Mr.  Teall  as  a  granitoid  aggregate  of  green  or  greenish- 
brown  hornblende  and  nlagioclase  (oligoclase) ;  sohene  as  an 
accessory.  These  basic  bands  appear  to  have  all  tne  characters 
of  true  intrusive  dykes  and  bear  the  sauie  relation  to  this 
acid  gneiss  as  the  epidiorite  dykes  do  to  the  normal  Lewisian 
gneiss.  They  have  been  tniced  for  about  two  miles  in 
H  north-west  and  suulh-east  direction.  Their  total  width  varies 
between  100  and  200  yards,  and  in  some  uiaeus  seems  to  consist 
wholly  of  dyke-material,  while  in  others  tnin  strips  of  acid  gnoish 
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divide  the  whole  into  distinct  bands.    A  somewhat  different  lx)ch 
type  of  basic  rock  is  also  met  with  in  the  same  ground  ;  lenticles  L5Jh*Broora 
of  Dosic  material — ^immilar  lumps,  and  thin  bands  of  hornblende-  uonno 
schist  which  apparent^  bear  the  siiuic  relation  to  the  acid  gneiss 
of  the  district  as  the  earlier  basic  rock  does  to  the  Jjewisian 
gneiss. 

Till'  rorks  of  this  avrn  ure  iiiucli  plicated.  A  Ix  aiitil'iil  example 
ut'  lolfliug  on  41  ratiuT  large  scale  occurs  iu  ihc  mv^s  t<t  ilu:- 
souih-west  of  Sgurr  nan  Clach  Geala.  In  ascending  a  sirciUii 
three  quarters  of  a  mile  south-south- west  from  the  hiU>top,  we 
come  upon  a  hand  of  diorite  about  30  yards  brr^id,  and  300 
yards  fiirther  up.  upon  another  band  70  yards  wide,  having  a 
strip  of  gneiss  50  t'ect  wide  in  the  iiiirldle  of  it.  The  toliatiou  of 
all  the  gneiss  hereabouts  «lips  (iiiilorinly  and  steeply  towards 
oasi-uurtli-east.  As  the  lnoailer  l)aud  is  traced  northwards  for 
about  half  a  mUc  in  the  great  precipice  of  Creag  a'  i  imarain,  the 
included  strip  of  gneiss  disappears  and  the  whole  then  becomes 
ono  dyke»  100  yards  or  more  in  width.  The  .smaller  band 
widens  out  somewhat  also  as  it  is  followed  northward  into  the 
same  crag,  where  the  two  bnii<ls  arc  seen  to  form  the  two 
separate  limbs  of  one  isoclinal  told  which  ciin<  s  ronml  and 
spreads  out  over  the  enig.  The  f(>liali<ai  of  the  a<l)oininL,'-  iriieiss 
and  the  occiusional  foliation  in  the  dyke  itself  show  this  clearly. 
In  one  part  of  the  crag  the  width  of  the  mass  of  diorite  is  as 
much  as  800  feet  At  the  head  of  Coire  Breac,  so  intense  is  the 
folding  that  the  acid  gneiss  is  felted  with  the  gametiferous  gneiss, 
and  both  are  shot  with  numerous  pegmatites. 

No  basic  igneous  rocks  have  been  noticed  in  the  acid  bands 
und«>r  A'  Chaillcach,  Imt  two  acid  bands  seen  in  Allt  na  Goibhre 
contain  ilark  basic  material.  In  the  uppermost  of  them 
some  of  the  basic  masses  are  foliated,  and  in  one  strildng 
section  the  ^liation  of  the  acid  gneiss  cuts  that  of  the  included 
basic  rock  nearly  at  right  angles — jm  almost  exact  parallel  to  the 
stnicture  found  in  the  Lewisian  gneiss  of  toe  Ghninard 
district. 

It  is  not  necessary  to  nlludc  inrthcrto  the  intrusive  ignrnns 
rocks  as  they  have  been  tor  the  most  part  included  in  the  lore- 
going  accoimt  of  rocks  in  which  they  occur.  Those  in  the  acid 
gneiss  are  generally  diorites  or  hornblende-schists,  while  the 
bosses  and  sills  of  basic  matnia]  associated  with  the  gameti' 
ferous  gneiss  are  generally  homblendic  in  composition  and 
crowdea  with  gjirnets.  The  small  pcfj^matifes  so  gcneraliv 
diflTuRcd  through  the  iaiter  rock  nuist  goucrally  })c  considered 
segregations  from  the  adjacent  rock,  and  as  Uie  result  s  of  extreme 
mebimorphisra,  but  it  is  doubttul  if  some  of  the  larger 
pegmatites  have  had  the  same  origin.  On  the  east  side  of  I'd! 
an  Lochain  and  elsewhere  masses  of  coarse  pink  and  white 
pegmatite  have  a  dyke  like  character,  scTeral  of  them  being 
many  feet  in  breiidth  and  streteliinLr  f'»r  a  considerable  distimce. 
They  gen  r  dly  run  along  the  strike  of  the  folijjtion.  but  some 
are  seen  to  penetnitc  both  the  ganietilerous  and  acid  gneisses. 
A  specimen  hrom  JJi  unn  Huadli  is  composed  of  large  pinkish 
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Loch  iiiicrocline  felspw.     Traces  of  ,i  ml  iuiiimopiiyro  iound  in  two 

Fannich  to    places  at  tho  northern  end  of  Druim  Ruadh,  probably  belong  to 
(Mi  'uann.'"  *         dyl^e,  similar  in  character  to  those  previoiusly  descnbed 
from  this  district.  Rocks  of  this  character,  however,  are  not 
coiiiuion:  they  have  as  yet  been  found   in  only  three 
localiti"^ 

Akliuu^li  111  the  silicctHis  and  j^ranulii if  MvaW  a'  Chnis'^nidh 
rock,  no  intnisiuiis  of  igneous  rocK,  and  lew  or  no  pegnialiU's 
are  inoi  with,  when  the  upper  boundary  of  this  hand  is  crossed, 
they  make  their  appearance  both  in  the  garnetiferotis  and 
aciti  gneisses.  The  coarsely  cry8t4)irme  character  of  the 
rocks  and  the  abundance  of  pegmatites  in  them  appear  to  be 
rlosolv  connnr^fod,  nnrl  to  result  tVoiii  the  f.-uisc  -extivMiie 

metiimorphic  action — and  only  very  slightly,  if  at  all,  from  direct 
intrusion  of  igneous  rocks.  But  the  nietauiorphisin,  if,  as  is 
usually  taken  for  granted,  it  was  induced  from  below,  can 
hardly  be  due  to  any  alteration  of  the  rocks  in  their  present 
positions,  for  highly  altered  masses  overlie  others  \irhich  are  less 
altere<l.  I  he  gjirnetiferous  and  acid  gneisses,  for  example,  come 
fibove  the  MciUi  a'  Chrasgaidh  rock.  The  metauiorphism  woidd 
thus  iipprnv  to  liave  occurro*!  when  the  acid  gneiss  and  the 
^^arnelitt'ioiis^qiuis.s  were  lu-ittu  tlic  Mcall  a'Chrnsp>idh  rock,  and 
in  that  case  it  will  follow  that  notwithstanding  the  apparently 
regular  order  of  succession  now  existing,  the  rocks  are  really 
inverted.  Another  possible  explanation  may  be  o^ered,  viz., 
that  the  more  highly  altered  rocks  owe  their  present  abnormul 
position  to  a  lateral  thrust,  but  no  trace  of  anything  of  this  kind 
has  been  noticed  by  Mr.  Gunn. 

InvemeBs-shire. 

District  of  ''  he  examination  of  the  ground  between  the  Gleann  Beag  of 
Glenelg.  (llc  nelgand  Lorh  Hourn  has  hovn  continued  by  Mr.  CloUOH, 
(Mr.  Clough.)  ^^^^  supplies  tli*'  tollo  A  ini^  notes  of  his  work  : — 

Like  tlie  gioiuul  to  tlie  north,  already  described,*  the  tract 
surveyed  last  year,  is  couiposed  in  the  main  of  rocks  which* seem  to 
belong  either  to  the  Lewisian  gneiss  series  or  to  the  Moine-schists. 
l^hose  believed  to  form  j)art  of  the  Lewisian  i^neiss  series  present 
very  varied  characters.  Tlu  y  include  a  considerable  pro[)ortion  of 
hornblendc'Sfliir^t,  honiMt'iidc-lnotite-schist,  ccln'j-ito.  hiijfhly  fel- 
spathie  pink  <;ranuiitic  gneiss,  and  also  snmc  st'r|>''n! inons  and 
other  rocks,  wliich  nniyiie  of  igneous  origin.  Mixed  inliniaUiiy  w  ith 
these  varieties  arc  bands  of  limestone,  kyanite-schist,  graphitic 
calc-silicato  seams,  and  other  rocks  probably  of  sedimentary 
origin.  Tho  limestone  makes  tmusiially  broad  outcro{>s  on  the 
south  side  of  the  Gleann  Beag  near  Corraryand  Balyraid.  It  is 
also  well  seen  at  other  places.  Various  new  loc^dities  for  the 
spinels,  which  occur  in  tiio  limestone,!  have  been  noticed 

*  Summartf  ofProgn9s  for  1807,  p.  86. 

t  See  Quart.  Jottrn.  GeoL  Soc.,  vol.  Iv.  (IH;*!*),  p.  372.  "  On  Spinel  and 
Forsterite  from  the  Qlenel^  Limestone.  By  C.  T.  Clough  and  W« 
PoUard 
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In  the  part  of  the  Lewisiau  gneiss  series  between  Rudha  Dirtrfafc  of 
Mor  and  Kudha  Buidhe  a  considerable  proportion  of  pale  acid  Sr^Q^uah.) 

gneiss  which  in  hand-.sjiecimens  great Iv  resembles  some  higlily-  * 
aitorcd  felspathic  grits,  is  so  much  mixed  with  hornblende-schist, 
in  sill-Uke  bands,  Icnticlos  and  kii(»ts,  and  als.»  willi  tliiii  streaks 
and  knots  ofpe^inatitic  mat*  rial,  iliat  its  tiiu  origin  is  diHicnlt 
to  detennine.  Nome  parts  oi  it  vv  liich  can  lianliy  be  distinguished 
from  the  rest  wind  round  the  hornblende-schist  liunps.  There 
is  likewise  occasionally  in  these  htmps  a  banded  structure 
which  ends  rather  sharply  at  their  sides,  as  if  the  pale  gneiss, 
or  part  of  it,  had  once  boon  in  a  state  of  flow  since  the 
formation  of  tlie  bandod  structure.  The  intermixture  of 
pegmatitic  material  is  <,aii»  lally  l<  s.s  on  the  coast  between 
Eilean  Chlandiuinn  and  Uudlia  Htndiic  than  it  is  further  north- 
west, and  at  the  Sitiiie  tiiue  tlio  sedimentary'  aspect  of  the  pale 
gneisses  is  greater.  The  pe<^matite  streaks  netween  Rudba  Mor 
and  Rudha  CsucA,  each  rarely  more  than  a  few  indies  thick,  are 
so  numerous  that  they  make  up  about  half  the  bulk  of 
considerable  exposures  of  the  rock.  Thev  consist  chicfty  of 
felspar,  and  often  present  a  granulitic  condiiv  T).  In  some  parts 
of  the  di.Htrict,  particularly  m  ar  tlie  .Momu-.schist,  bc»;Wecn 
Eilean  Mor  antl  liUlanreoch  and  ueitr  AUt  a'  Ohearr  Oir,  broad 
bands  of  pink  granulitic  gneiss  ^  bear  considerable  resemblance 
to  the  thin  granulitic  pegmatites  just  referred  to. 

lu  most  parts  of  the  area  in  which  the  rocks  (u  cur  that  may 
belong  U)  the  Lewisian  gn(;i.ss,  the  hornblende-schists  and  also 
the  eclogites,  take  the  fnnii  of  sill-shaped  sheets  and  lumps  like 
small  laccolites.  rarely  if  ever  .showing  ( lear  eviflence  of 
intrusion.  In  some  plaees,  however,  certain  bands  of  horn- 
blende-schist behave  like  dykes.  Some  of  the  rocks  cut  by 
these  d)  kes  are  themsolTes  a&o  hornblende-schists,  but  of  a  more 
variable  type,  and  generally  coarser  in  grain  than  those  of  the 
dykes.  Tire  earher  hornblende-schists  resemble  in  many 
respects  certain  meml»ers  of  the  Lewisian  i^eiss  wliieh,  when 
they  were  mapped  in  Sutlierland  were  known  in  the  Geological 
Survey  by  the  name  of  "  early  ba.sic  rocks,"  while  the  later 
dvkes  of  hornblende-schist  niore  closely  resemble  foliated  dykes 
of  the  well-known  '*Scourie"  type.  There  are  alao  one  or  two 
foliated  dykes  which  consist  chiefly  of  hornblende  and  biotite 
with  little  or  no  felspar.  None  of  the  dykes  of  hornblende- 
schist  have  yet  lieon  tnieed  up  to  the  edge  of  or  into  a 
Moine -schist  outcrop,  and  thereiore  it  is  uncertain  what  their 
age  may  be  in  respect  to  the  Moine-schist. 

The  most  common  rock  in  the  Moine  series  is  a  granulitic 
siliceous  schist.  A  more  micaceous  yariety  is  mixed  in  thm 
parallel  seams  with  the  siliceous  8chist>  and  in  some  places 
forms  the  predominant  rock  in  outcrops  as  much  as  100  yards 
wide.  Cnlcareous  stieaks  and  lent  ides,  an  inch  or  two  thick,  are 
not  uncommon.  Tliin  streaks  which  contain  a  considernhlo 
proportion  of  magnetite  may  likewise  be  observ^ed.  As  a  rulo 
the  Moine  rocks  contain  decidedly  less  epidotc,  whether  in  the 
fonn  of  strings  or  in  small  grains  scattered  through  the  matrix, 
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Distriefcof  than  tho  Lewisian  ^nem  rftcks,  but  in  a  fow  i)laces  they  include 
(MTcf  h  )  hands  so  rich  in  epidote  ^ins  as  to  acquire  in  consequence 
ottg  .)  ^  j^j^j^  yellow  (M)lour.  Garnels  usually  aoound  in  the  more 
micaceous  l)an<ls.  One  of  these  hands,  extending  l>etween 
Eilean  Mor  .\nd  IJiidlia  (.'haniais  Blmin,  is  full  in  inany  ]>la<!cs 
of  thin  plates  of  acLinolite  lying  across  the  ioliatioii  an<l  ap|mreni 
bedding.  Many  of  the  more  micaceous  ban<ls,  for  example, 
this  himd  with  the  actinoliies,  and  another  about  a  mile  south 
of  Ellanreoch,  occur  next  to  rocks  of  the  Lewisian  gneiss  type, 
but  we  cannot  assert  that  they  all  do,  and  in  many  places  the 
siliceous  granulitic  Moine  schists  are  seen  in  direct  conUict  with 
the  gneiss  rooks.  It  is  notoworthv  that  up  to  tho  present  time 
no  kyanite  has  been  olnservcfl  in  the  micaceous  schists  which 
can  with  certainty  b^  referro<l  to  the  Moine  series  of  this 
district,  though  the  mineral  is  by  no  mcjias  rare  in  tho  Lewisian 
gneiss  series. 

The  Moine  rocks  which  occiu*  iu  the  west  part  of  the  area 
are  almast  free  from  pegmatitic  material,  while  many  of  the 
Lewisian  gneiss  rocks  of  the  same  district,  as  already  stated, 

largely  consist  of,  or  are  pernmated  by,  such  material.  Tliis 
coTitijist,  and  tlic  absence  of  bands  of  h(»rnb]onf|o-sehist, 
L'cloufito,  «S:c.,  in  the  Moine  rocks  of  the  (hstrici,  render  it 
comparatively  Cixsy  in  juosl  places  to  sepjirate  the  two  groups 
of  rocks.  In  the  more  easterly  districts  the  Moine  rocks  are 
often  pentieated  through  and  through  by  pegmatites.  The 
felspar  of  these  pegmatites  is  not  usually  m  a  granulitic 
condition,  but  the  quartz  often  is.  In  somo  places  the  pc^^atites 
arc  as  much  ns  TO  or  20  yards  wide;  in  others  tho  peg- 
matitic  material  never  apjx'irs  in  thirk  bands,  but  tonus 
innumerable  thin  streaks  and  lenlicles  bum  about  \  inch  to 
2  inches  thick,  and  makes  up  perhaps  half  the  mass  of  the  rock. 
The  Levrisian  gneiss  series,  where  it  comes  near  these  negmatitic 
Moine  rocks,  mso  contains  pegmatites  of  tho  same  kind. 

Both  in  the  Lewisian  gneiss  and  in  the  Moine  rocks,  occii- 
sional  bands  of  biotite  ^nito-gneiss  cut  the  banding  of  the 
rocks  in  which  they  occur,  and  these  gianite-gneisses  are  also 

firequenlly  "  pegmatised."  None  of  the  bancis  yet  observ^ 
exci  ods  12  or  14  yards  in  breadth.  Their  foliation  sometimes 
sti  ikt's  agfiinsf  their  margins  and  is  in  the  same  direction  as  the 
foliation  in  the  rocks  at  their  sides. 

While  tho  Moine  rocks  in  tlic  wt  '  tnrn  part  of  the  area  contain 
no  honiliit  iidc-scbist,  in  the  ea.sleni  [lart  they  not  uneonnnonly 
include  part  ially  ibliated  hornblendic  intrusion.s.  Somo  of  these 
intrusive  hands  are  foliated  parallel  to  their  sides  and  cut  both 
the  banding  and  the  foliation  of  the  rocks  in  which  they  occur. 
They  are  nu^re  variable  in  composition,  and  generally  coarser  in 
crrain.  than  thf^  hornblende-schist  dykes,  already  noticed,  which 
mav  ro}>rnsent  "  Sconrio  dykes."  Thry  differ,  loo,  from  these 
inasmuch  as  they  cut  all  the  pegmatites  with  which  they  have 
been  seen  in  contact.  They  aro,  theretbre,  probably  of  lal^r 
date.   Of  three  thin  slices  of  these  hornblendic  intrusions  which 
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bavo  been  examined  by  Mr.  Teall,  he  calls  two  biotite- Disiricli  of 
amphibolite,  and  the  third  homblende-biotite-schist.  (\ir"cu>u"h  ) 

AS  noticed  in  preceding  years,  the  ditterenco  between  the  '  ' 
strike  of  tlic  Moino  rocks  and  that  of  the  Lowisian  gnoiss  rocks 
is  raruly  Kutlicii'nUy  great  to  adiiiit  of  leuoguition  in  individual 
sections,  but  when  exposures  at  a  little  distance  from  one 
another  are  compared,  tne  Lewisian  gneiss  rocks  which  lie  next 
the  Moine  rocks  are  often  found  at  different  places  to  present 
distinct  types.  At  one  locality,  about  one-thiru  of  a  mile  east- 
south-east  of  Rudha  na  h'  Ainle  Beitbc,  there  is  also  a  distinct 
diffcroncc,  amounting,  perhaps,  to  about  12'\  between  the 
strikes  of  the  two  series  of  rocks.  Ah  iho  ground  there  isahuost 
fioc  from  drift,  in  one  section  the  Moiuc  rocks  are  seen  to  be 
lyuiff  close  to  a  certain  band  of  hornblende-schist ;  but  to  the 
norui-east  a  pink  ielspathic  gneiss  comes  in  between  the  Moino 
rock  and  the  Iiomblende-sdiist,  and  gradually  increases  to  a 
thickness  of  perhaps  40  or  50  feet.  Still  further  in  the  same 
direction  another  band  of  linrnblende-schist  intervenes  between 
the  pink  felspathic  gneiss  and  the  Moine-scliists.  These  appcfir- 
ances,  Mr.  CLOvayi  believes,  suggest  cither  that  the  liiie  between 
the  Moine  series  and  the  Lewi.sian  gneiss  scries  here  represents 
a  thrust-line,  or  else  that  the  former  is  yomieer  than  the  latter 
and  unconformable  to  it.  Although  good  indications  of  stretch- 
ing have  been  observed  in  all  the  rocks,  no  import^xnt  thrust-line 
has  been  detected.  During  the  diiVerent  plications  which  have 
affected  the  district,  the  junction-line  of  tlie  two  series  of  rocks 
may,  perhaps,  have  formed  a  line  of  special  weakness,  but  this 
does  not  necessitrily  imply  a  visible  displacement  along  it. 

One  of  the  most  remarkable  features  in  Mb.  Clouqh's  field- 
work  last  year  was  the  discoyery  of  a  band, — perhaps  nevermore 
that  20  feet  thick — which  has  a  considerable  resemblance  to  a 
highly-altered  conglomerate  or  boulder-bed.  Most  of  llse  Inq^er 
fmgTnents  in  it  ermsist  of  a  pink  felspathic  gneiss,  like  that  \vhi(  h 
forms  a  great  jiart  of  th(?  Lewisian  gneiss  series  in  the  neigh bour- 
hooil.  The  exauiimitiun  of  the  band  is  not  yet  concluded  and 
it  would  be  premature  to  speak  contidently  of  its  character.  It 
lies  at  the  junction  of  the  two  great  groups  of  rock  near  Rudha 
na  h'  MtdB  Beith(\ 

The  prevalent  folds  in  the  district  are  isoclinal,  and  have 
limbs  hading  east  or  east-south-east,  but  with  frequent  twists 
in  the  strike  into  east  and  west,  or  north-west  and  sontb-enst 
directions.  Where  the  strike  is  east  and  west  the  lindis  of  the 
folds  hade  south.  Tlie  long  extension  oi  the  Lewisian  gneiss 
rocks  u])  Gleann  Beag.  past  Balyraid,  is  owm^^  to  the  east  and 
west  strike  in  that  district.  On  either  side  of  the  gneiss  area 
in  this  part  of  the  glen  extensive  outcrops  of  Moine  schist  idso 
strike  east  and  west.  These  can  be  traced  westwards  vmtil  they 
twist  and  acquire  a  nearly  north  and  south  strike.  Examples  of 
rocks  with  north-W(^st  and  .suuili-east  .strike  oeeur  on  the  soiuh- 
east  side  of  Druim  Fada,  rather  more  than  lialf  a-mile  north  of 
the  head  of  the  Dubh  Lochmn  of  Amisdole,  and  on  Sgurr  na 
LaireBrice. 

»7l  B   
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Dl-^tiu  tof  Other  folds  also  occur  in  which  the  hiubs  hade  in  opposite 
Olenoal.  directions.  Those  less  acute  exaiii]>les  appear  often  to  twist  the 
{  r.    tMfi  .  jjjj^i,^       isoclinal  folds,  and  < onsetiucntty  to  be  of  later  date. 

For  instaince,  two  sets  of  folds  are  seen  together  on  the  north 
^de  of  Eilean  Tiomn,  and  on  the  side  of  the  new  road  nearly 
half  a  mile  east  of  Rarsaidh.  The  earlier  folds  in  hoth  these 
places  are  isoclinal  with  lind)s  dipping  west-north-west  or 
north-west,  while  the  later  folds  have  axial  planes  dipping 
Lfcntly  east.  It  seems  qtiite  possible  that  the  ])resent  hade  of 
tlie  liml»s  of  the  Ciirly  isoclines  in  thes«!  localities  may  have  been 
acquired  during  the  later  folding,  and  that  their  original  hade 
was  east  or  south-east,  like  the  hade  of  the  limhs  of  most  of  the 
isoclines  in  the  district 

An  important  group  of  faults  crosses  the  district  in  a  south- 
west— north-ewst  direction,  from  a  little  west  of  Eilwm  Riirsaidh 
to  near  Strathchomair.  The  Moine  rocks  of  Ben  S^^friol  are  thus 
brought  against  the  LcNvisian  gneiss  rocks  on  tln  ir  north-west 
side  for  a  dist'ince  of  about  a  mile  and  a  half.  Near  Loch  na 
h'Oidhche,  the  Moine  rocks  of  the  eastern  part  of  Beinn  a' 
Chapuill  on  the  north-west  side  of  the  &ults,  come  near  the 
Moine  rocks  of  Ben  Sgriol  on  the  south-east  side.  The  former 
are,  as  already  stated,  in  an  excessi7ely  alU.'red  condition,  and 
thoroughly  permeated  by  pegniatitie  material,  but  the  latter  are 
less  altereil  and  contain  lower  pi  gniulites.  It  seems  probable, 
therefore,  that  the  ctfect  of  the  faults  has  been  cither  to  cause  a 
considerable  downthrow  to  the  south-ciist,  or  else  a  large  lateral 
shift  which  has  moved  the  outcrop  of  the  rocks  on  the  south- 
east side  of  the  faults,  so  that  they  now  lie  considerahly  to  the 
north-east  of  the  corresponding  rocks  on  the  north- west  side. 

Since  the  folding  and  the  production  of  foliation  many 
intrusions  oi' erupt ivu  material  have  t^iken  pln-  p.  chiefly  in  the 
form  of  dykes.  The  intruded  iiiiit'-rial  eoitsisLs  of  (1)  quartz- 
felsite,  camptonite,  mica- trap,  or  oilier  variety  of  lamprophyre; 
(2)  basalt,  dolerite,  and  a  rock  allied  to  trachyte.  About  naif  a 
mile  east  of  lludha  Mor  a  small  oval  boss  of  gabbro  has  also  been 
observed.  The  dykes  included  in  Group  1  have  a  general  east 
and  west  or  west-south- west  and  east-north-east  direction.*  In 
a  considerable  number  of  the  lmMpr(»])hyre  dykes  apatite  er3'stals 
are  large  enough  to  form  a  feature  in  hand-specimens,  some  of 
the  crystals  bein^  about  ]  inch  long. 
DbuiJt.  ^rom  his  station  at  Beauly  Mr.  Hinxman  has  extended  the 
(Mr,  Hinx-  mapping  of  the  crystalline  rocks  through  new  areas  of  the 
man).  counties  of  Inverness  and  Ross,  lyin<^  between  Stiath  Conau  and 
Strath  Crlass.  The  greater  part  of  the  ground  surveyed  by  him 
is  oeenpicd  by  the  Higldand  schists,  witli  their  accompanying 
igncuus  intrusions,  of  which  ho  luis  prepared  the  following 
notice : — 

As  in  the  regions  already  mapped  to  the  south,  the  schistose 
rocks  of  the  Beauly  district  can  be  separated  into  two  chief 

*  It  may  be  remarked  that  the  geDeral  direction  of  the  name  dans  of 
dykes  on  the  north  side  of  the  Qlen  More  of  Glenelg  i-s  wMt-Dorth-weat 
and  eaat-aottth-east 
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groups : — (I)  The  Miiscovite-biotite-pfneiss  ;  (2)  tlie  Moine  schists ;  Rpnniy 
representing  respectively  an  orij^nnlly  arifilliiccous  and  siliceous  J^j**^' "jjV^^ 
series.    Th<Te  is  iww  little  (loiibt  as  to  the  sedimentary  origin  man.) 
of  these  rucks,  in  which  the  original  bedding  planes,  or  colour- 
bands  indicating  differences  in  sedimentation,  can  still  often  bo 
traced ;  while  in  some  of  the  finer-grained  rocks  linos  suggestive 
of  <iirn'iit-ln(l(Hng  <;an  even  be  detected. 

The  Muscovite-Biotite-Gnoiss  varies  in  i  haracter  from  a 
tolerahly  tine-grninofl.  fla^'-tjy,  or  scFiistose  ro(  k  to  a  coar'^*\  Hakey 
gneiss  with  corrugated  and  (  runiplod  folia.  Tlu;  coarser  varieties 
contain  nuich  quartKo-illspathic  material — possibly  of  f^egrega- 
tive  origin — disposed  in  eyes  and  string  along  the  planes  of 
foliation.  The  rock  is  also  characterized  m  many  parts  by  large 
rounded  flakes  of  muscovite  lying  at  various  angles  to  the  bands 
of  felted  micas  (the  "  spande-scliist "  of  Badenoch).  Garnets 
arc  genendly  abundant,  and  often  of  large  size.  Tonsidcrable 
deposits  of  garnet  sand  are  found  in  the  streams  flowing  through 
areas  where  tliese  rocks  occur.  Bnnd:^  of  kyanitc-gneiss  seen  on 
the  spur  which  runs  east  from  Carn  uum  I'ollan  in  the  north- 
west comer  of  the  Erohless  Forest,  lie  near  the  edge  of  the  main 
mass  of  musoovite-biolite<|(neiss,  and  are  met  with  also  as 
narrow  infolds  with  the  Moine-schists  a  short  distance  from  the 
eastern  edge  of  that  mass.  The  kyanite  combines  with  quartz, 
garnet,  and  biotitc,  to  form  prism-shaped  aggregations  which 
project  at  diticrenl  angles  from  the  weathered  surfaces.  The 
tyanite  is  clearly  a  secondary  mineral,  and  as  there  is  upuirently 
no  mass  of  intrusive  igneous  rock  at  the  sur&cc  in  this  locality, 
it  is  probable  that  the  presence  of  this  mineral  is  due  to  regional 
rather  than  to  contact-metamorphisnL 

The  Moine-schist  group  is  composed  of  a  series  of  fine-grained, 
thoroughly  granulitie.  schists  and  granulites.  The  relative 
amounts  of  ([uartis-and  ntica  (u.snalU-  biotiie>  present  in  the  rock 
continually  varies,  and  the  result in<'  gradaiion  of  one  variety 
into  another,  makes  it  dilhcult  to  oraw  satisfactory  bounilary 
lines  between  the  difierent  types  of  rock  in  the  field.  An 
attempt,  however,  has  been  made  to  separate  out  the  more 
siliceous  bands — coloured  as  quartzite  on  the  map — leaving  a 
residuum  of  uiidit!*erontiated  quartz-biotite-grfmulitcs,  gneissoso 
flagstones,  and  biotite-schists.  Those  gramditic  qiinrtzites 
form  lenticular  nuisses  with  an  irregular  outline  in 
the  <nacissose  tiiigstones  north-west  of  Struy,  and  are  also 
large^  developed  about  Scatwell  in  Strath  Conan.  On  the 
summit  and  slopes  of  Beinn  a  Bh'ach  Ard  several  lenticular 
bands  of  quartzite,  infolded  with  the  coarse  miiscovite-l>iotito- 
gneiss,  differ  soTuewhatfrom  the  ordinary  type.  They  are  higldy 
sihceous.  cont.iin  little  or  no  mica  or  felspar,  and  weatlier  with  n 
snow-white  crust.  The  structure  of  the  rock  is  eo;ns*']\  granular 
and  highly  crystidline,  and  very  similar  to  that  produced  in  the 
siliceous  Moine^schiBts  of  N.E.  Sutheriand  by  igneous  Intrusions. 
The  rock  has  the  appearance  of  being  in  an  advanced  stage  of 
themio-mctamorphism,  audits  present  condition  may  possibly 
be  referable  to  the  same  causes  which  have  produced  the 
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extronio  metainorphisiii  of  the  coarse  ganiotifcroiis  iiiuscovito- 
bioiiic-pfneiss  and  the  kyanitic  bands  which  are  found  in  its 
ininiediatc  iiciL^biioiirhood.  With  regard  to  the  structure  of  the 
ground  over  which  these  rocks  have  been  recently  mapped,  it 
may  be  remarked  that  the  schists  of  Strath  Ghiss  are  arranged  in 
a  series  of  folds,  whose  long  axes  run  inaN.N.£.-S.S.W.  direction. 
The  folding  is  almost  invariably  isoclinal,  both  limbs  of  the  fold 
being  inclined  to  the  south  of  east.  The  quartz-granuhtcs 
and  Hagstoncs  that  appear  from  bencatli  tlio  old  red  conglomerate 
W.  of  Aigiis  arc  nuiKuy  folded  hI  Idgh  uMglcs,  and  hero,  as  in 
several  other  lociiUties  cleavage -planes  piissing  tlirou«^h  these 
minor  folds  can  be  detected.  These  rocks  contain  thm  seams 
and  bands  of  the  muscovite-biotite-gneiss,  which  is  brought  in 
by  a  major  fold  at  Craiedubh  and  extends  in  a  line  of  irregularly 
lenticular  masses  northwards  to  Glen  Goibhre.  The  j^ieissoso 
riagstones  again  appear  on  the  further  side  of  this  told  and 
alternate  with  numerous  infolds  of  griimditic  quartzitc.  These 
are  followed  by  the  main  ouicro])  of  the  coarse  mnsoonte- 
bioLite-gnciss  which  crosses  the  river  iarrar  at  Culli^rau  ialls, 
and  continues  northward,  forming  the  high  mountam  ridge  of 
Beinn  a'  Bh'ach  Ard.  The  western  edge  of  this  belt  of  gnei^  has 
not  yet  been  mapped,  but  there  is  good  reason  to  suppose  that 
it  is  succeeded  by  a  series  of  higlily  siliceous  rocks.  In  the 
Stratli  Conan  and  Glen  Orrin  district  the  long  axes  of  the  folds 
seem  to  be  less  regular  in  their  disposition  and  the  ])itch  ni«»re 
variable ;  so  that  the  boundary-lines  will,  no  doubt,  prove  to  be 
more  complicated  than  in  the  region  just  described. 

The  only  &ult  of  importance  m  this  area  is  that  which  has 
determined  the  strong  line  of  feature  which  runs  N.N.E  from 
Krchloss  Castle  along  tli<»  course  of  th<^  Allt  Mh6r,  and  the  deep 
hollow  in  which  lies  Lochan  Fada  and  the  stream- at  its  head. 
Tile  line  of  this  fault  is  approximately  parallel  to  the  strike  of 
the  schists  and  does  not  produce  any  recognisable  displacement ; 
but  at  various  points  along  its  course,  and  especially  in  the 
upper  part  of  the  stream  Bowing  into  Lochan  Fada^  we  rocks 
are  much  crushed  and  breociateil  Its  course  to  the  north  of 
Urchanv  is  conc(Ml( d  by  peat  and  drift,  but  is  possibly  continued 
in  the  line  of  dislocation  whicl)  crosses  the  River  Orrin  four 
nules  further  north,  and  throws  down  the  Old  lied  Conglomerate 
against  the  schists  at  Muirtuu  Tails. 

The  oiliest  intrusive  rocks  observed  in  the  Beaidy  district 
appear  to  be  a  set  of  bands  or  sills  of  amphibolite  and 
hornblende-schist  more  or  less  lenticular  in  character,  which 
occur  on  two  horizons  in  the  Moine-schists.  Their  trend 
is  Mpproximately  parallel  to  the  general  strike  of  the  schists, 
and  the  folialioji-plnnes  of  the  latter  are  continued  into  the 
amphibolite.  These  divisional  p1anf»s  are,  however,  constantly 
crossed  by  the  edge  of  tlaj  bitsic  rock,  the  marginal 
portion  of  which  is  invariably  iiner-grained  and  more 
schistose  than  the  centre.   The  coarser  bands  are  often  highly 

gumetiforous,  and  show  a  tendency  to  aiigen-strwsUiTe  in  the 
omblende  crystals.    These  bands  may  hence  be  regarded  as 
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represciitiu^  masses  of  basic  igneous  luaterial  intruded  into  the  Beauly 
Moine  sediments  before  the  developmeiit  of  their  j>rosent  J^^jI'^Iq^. 
sdiistose  structtire.   The  most  easterfy  group  of  them  is  asso-  mt^.) 
ci&ted  with  the  gneissose  flagstones  of  Strath  Glass.  A  second 

group  lijis  been  mapped  about  Scatwell.in  Strath  Conan,  among 
the  ([uartzites  and  quartz-f^rr^nulites  of  the  sihceous  zone.  They 
appoiir  to  be  more  nuiih  rous  lien'  than  in  Strath  Glass,  but  in 
buth  lociililics  the  repetition  is  probably  in  a  large  degree  due  to 
rapid  folding.  A  particnlar  sill  can  often  be  traced  round  the 
end  of »  fold,  and  it  is  possihle  that  at  each  horizon  the  number 
of  original  intrusions  may  liave  been  small. 

Tlie  acid  intrusions  in  Strath  Glass  Uike  the  form  of  veins  or 
sills  of  granite,  pegmatitei,  and  felsite.  These  appeiir  to  be  later 
than  the  movements,  which  produced  schistosity  in  the  Moine- 
scliisLs,  and,  except  in  a  very  few  instancc«,  do  not  exhibit  any 
paralld  structure.  The  veins  of  granite  and  pegmatite  are  most 
abundant  in  the  ground  between  Erchless  Oaatle  and  Farley 
Wood,  where  they  form  a  belt  of  parallel  intrusions  running 
cast-north-east,  and  cutting  obliquely  across  the  strike  of  the 
schists  and  hornblendo-sills.  The  snialler  branch  veins  which 
they  give  out,  often,  however,  follow  the  foliation  planes  of  the 
schists  as  lines  of  lotist  rcsistiince.  These  intrusiunti,  whicli 
often  measure  20  or  30  yards  in  breadth,  are  coarsely  crystalline 
and  generally  more  or  less  pegmatitic  in  structure.  They  are 
composed  of  abundant  oligodasc,  alkali  felspar,  quartz,  and 
musoovite.  Vermicular  p^matite  has  been  detected  under  the 
microscope  in  a  specimen  taken  from  a  vein  north-north-east  of 
Urchany.  The  veins  hero  descrii'i  <]  show  no  foliation ;  l>ii(  a 
single  vein,  similar  to  them  in  cowiuusition,  l»iit  with  niurktcl 
flaser-structure,  occurs  at  Creag  Ard  Bhejig,  1^^  miles  north  of 
£rchless  Castle.  A  sill  of  compact,  very  hard,  brick-red  felsite, 
with  the  same  east>north-east  trend,  has  been  traced  con- 
tinuously for  nearly  3  miles  through  the  Moine*schists  to  the 
nortli  of  Struy. 

A  now  j>omt  in  tlio  work  of  tlie  past  year  has  been  I  he 
discovery  of  a  consideialtlo  area  of  solid  granite  in  Glen  Orrin, 
about  4  miles  west  of  Fairbm*u  House.  The  appeamucc  of 
numerous  granite  veins  in  the  schists  of  Glen  Qrrin  heralds  the 
on-coming  of  the  main  mass,  which  forms  an  irn^lar  area 
about  a  mile  and  a-half  in  extent,  on  the  north  side  of  the  river. 
The  rock  is  a  medium-grained  white  or  grey  granite,  wh(;rcin 
the  mica,  which  is  not  nhnnd;mt,  is  usually  biotite,  muscovite 
beini;  also  soirietiTucs  ]tivsriii  in  nmall  quantity.  Near  the 
southern  margin  <•{  the  mass  the  amount  of  mica  greatly 
decreases,  and  the  normal  gi-anitc  appears  to  pass  into  a  border 
of  aplite.  A  typical  s[)ecimen  of  the  rock  examined  under  the 
microscope  by  Mr.  Teall,  is  described  by  him  as  composed  of 
oligoclase,  alkali-felspar,  quartz,  biotite,  and  muscovite  (scarce). 
The  alkali-felspar  snows  traees  of  mieroeline-structnre,  and 
vermieiilar  [)egmatite  is  present.  Though  there  is  sometimes  a 
tendency  towards  a  j)arallel  an*angement  or  ori»'ntation  of  the 
flakes  ol*  mica,  the  rock  cannot  be  said  to  be  foliated. 
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Beauly  The  junction  of"  the  rock  with  the  surrounding  schists  is,  as  is 

/M^  ir  .  ^^^^        intrusive  nmssos  of  tho  central  Highlands, 

jnfSt  )  exceedingly  complex  and  irrej^^ular.  Tho  granite  is  fringed  with 
iuuumcrame  apophyses  and  detochod  veins  traversing  the  schist, 
while  fragments  of  thr-  latter  are  thickly  switterefl  as  inclusions 
within  and  near  the  margin  of  tin;  tnass.  Neitlier  in  the  main 
hod}^  of  the  rock  nor  in  its  apophyses  is  there  any  appearance  of 
a  chilled  edge,  the  rock  in  the  smaller  veins  bein^  as  coarsely 
crystalline  as  in  the  interior  of  the  mass.  It  may  be  further  observed 
that  the  trend  of  the  boundary  of  the  granite,  and  of  its  fringing 
veins,  as  well  as  the  disposition  of  the  inclusions,  has  a  marked 
tendency  to  conform  to  the  strike  of  tlic  surrounding  schists. 
The  inff^-ence  may  be  deduced  that  the  intrusion  of  the  granite 
may  not  have  b^»'n  accompanied  by  any  groat  disruption  of  the 
rocks,  but  that  it  rather  took  the  form  of  a  sill,  whicli  has  made 
its  way  more  or  less  along  the  planes  of  schistosity.  The  absence 
of  any  distinct  foliation  in  the  rock,  even  in  its  smallest 
apophyses,  seems  to  difierentiate  the  Glen  Orrin  Granite  from 
tne  granites  of  East  Sutherland,  in  which  foliation  of  the  margin 
and  oti'shoots  is  a  Triarkril  foatnre.  Not  improbably  this  mass 
may  l)elong  tn  the  period  ot  intrusion  ol  the  newer  granites  of 
Strathspev,  to  wliich  it  l)ejirs  a  considerable  resemblance  in 
character  and  comiK>8ition. 

A  comparison  of  the  Glen  Orrin  granite  with  the  granite  and 
pegmatite  of  Strathglass,  above  described,  shows  a  striking 
resemblance  in  coiiiixtsition.  and  even  in  minute  structure 
Virtwcx'U  the  two  rocks,  the  Strathglass  pegmatites  being  slightly 
lio  more  acid  of  the  two.  It  seems  ibcrefore  rcaHnimble  to 
assume  that  these  veins  of  acid  material  may  }X)ssibiy  be  due  to 
a  later  phase  of  the  intrusion  of  the  same  magma. 


DALRADIAN    OR    YOUNGER   SCHISTS    OF  THE 

SCOTTISH  HIGHLANDS. 

For  .SI  .1110  yciirs  past  the  Geological  i'urvey,  while  prosecuting 
the  mapping  simultaneously  in  the  north-western  counties  and  in 
tlie  central,  eastern,  and  southern  Highlands,  has  refrained  from 

any  attempt  to  correlate  the  great  series  of  schists  of  the  region  to 
the  west  of  the  line  of  the  Grcjit  Glen  with  those  to  the  ea,st  of  that 
Yiw\  It  ]ia*<  loTvj'  been  abundantly  evident  that  in  the  north- 
eastern, central,  and  south-western  Iliulilands  the  schists  re|>re- 
sent  a  great  suc<'ession  of  truly  sedimeiilary  lueks.  The  age  of 
these  rocks  and  the  date  of  their  moUimorphism  remain  still  to 
be  ascertained,  though  some  progress  towards  the  solution  of 
ill  s.'  problems  has  already  been  made.  But  there  can  be  no 
doubt  that  the  phyllites,  (piartzites,  grits,  conglomerates,  and 
limestones  wbieh  extend  from  the  shores  of  Elgin,  Banff,  and 
Ai>erdcen  to  those  of  Islay  and  Jura  liave  had  a  sedimoutary 
origin,  and  may  yet  tin<l  a  dcHnite  place  either  among  pre- 
Uambrian  or  post-Cajubrbm  formations.  The  occurrence  among 
them  of  igneous  rocks  which  have  shared  in  their  metamor- 
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phi8m,andof  later  eruptive  masses  which  have  not  been  touched 
hy  the  alteration,  has  been  recH)giiised  not  to  aiiect  that  funda' 

mental  conelusion,  even  though  in  some  places  s^nitisation  and 
foliation  have  been  carried  so  far  that  it  may  be  (litticult  to  decide 
where  a  line  should  be  drawn  between  wlmt  wjis  originally 
eniptive  and  what  was  originally  sedimentary  material 

To  the  west  of  the  lino  of  the  Great  Glen,  however,  another 
kind  of  problem  arose  for  consideration.  In  Sutherland  and 
Ross  the  roek'^  that  were  found  to  hiive  been  pus]i<  <]  ])y  vast 
overtliriisLs  above  the  highest  visil'le  Cambrian  umcsloues  pre- 
sented structiures  of  extreme  complexity,  and  for  a  time  little 
li^ht  was  obtainable  as  to  Uieir  true  succession  and  probable 
origin.  'Even  now,  after  some  years  of  careful  scrutiny,  it  cannot 
be  said  that  we  have  advanced  &r  towards  the  removal  of  the 
ditHculties  with  which  any  attemptetl  interpretation  of  the 
ground  is  at  onec  cnntVonted.  Bnt  tliore  is  a  general  ngrecnrent 
among  the  vai  ious  ottici  rs  who  have  been  tJitgagod  in  t  l;e  irseareh 
that  the  crysuilbne  schists  eiist  of  the  great  thrust-plune  that 
destroys  the  continuity  of  the  Cambrian  succession  of  strata, 
include  slices  of  the  did  or  Lewisian  gneiss,  which  have  been 
dragged  up  from  the  east,  and  have  been  thrust  westward 
towards  the  great  rampart  of  unmoved  ground  which  extends 


in  the  south  of  Koss-shire,  must  far  exc  eed  fifty  sijuare  miles  in 
area,  and  must  be  several  thousand  feet  in  thickness.  These 
moved  masses  have  had  new  structures  developed  in  them  by  . 
the  mechanical  deformation  to  which  they  have  l«  «  n  subjecte«t, 
but  the  traces  of  their  original  characters  as  part  of  the  Lewisian 
gneiss  liave  not  been  wholly  ettkced. 

Much  more  ditticulty  has  been  encountered  in  the  endeavour 
to  trnee  the  structure  and  liist'-rv  of  tlic  vast  mass  of  erystallino 
gi-aiiulilic  seliists,  which  havr  lu  ru  gnaipcd  undrr  ilie  general 
name  of  '*  Moine-schists."  Probably  various  groups  of  ruck  have 
been  crushed  and  meUunorphosed  to  make  up  these  schists.  As 
the  mapping  has  advanced  southwards,  eviaence  has  increased 
that  much  of  the  Moine-schists  <onsists  of  material  that 
was  laid  down  as  sediment.  Probably  the  Torridon  simdstono 
was  largely  drawn  u])on  in  the  process  of  the  TnanutiHinre  nf 
tliese  seliists,  and  ila  re  may  also  have  been  (.'ambrian  or  even 
later  scdimcnUs  which  untlorwent  the  sawue  conversion  into  a 
foliated  crystalline  condition. 

The  recent  progress  of  the  Survey  in  the  Central  Highlands 
and  in  Eastern  Ross-shire  has  shown  that  the  peculiar  granulitic 
structure  and  composition  of  the  Moine-schists,  with  their  traces 

of  colour-bandin;^  and  even  false-bedding,  and  their  intercalated 
bands  of  muscovite-biotite  gn(^is.s,arepi'ecisely  reproduced  among 

the  rocks  of  the  (.'entral  Highlands.  Tlie  two  tvpes  of  quartzose- 
Hagstoncs  and  banded  njuscovite-biotite  gmipses  recur  under 
similar  con<litions  in  Sutherland  and  Koss  and  in  Tnverne.ss  and 
Perth.    The  one  suggests  that  they  were  origimlly  sandstones, 
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grits,  or  urkoscs,  while  the  other  may  have  been  of  a  more  com- 
plex and  ar^^illaceous  ooTiiposition. 

How  far  this  iduiililv  of  pctrograpliicfil  character  can  l>e 
taken  tu  imiily  iiuulugicul  synchronism  may  Ijc  nialtor  for  dis- 
cussion. WiiiioLit  at  present  attempting  to  decide  this  question, 
we  may,  in  the  meanwhile,  conTemently  retain  the  provisional 
name  "  Dalradian  "  for  the  younger  schists  of  the  region  east  of 
the  line  of  the  Great  Glen.  If  it  shall  be  shown,  as  seems 
probiible,  that  the  Moine-schists  of  the  north-west  pass 
into  and  fonn  part  (.ftlio  Rdradian  series  of  the  Central  Hiirh- 
lamls,  a  step  will  he,  gained  towards  the  .solution  of  the  prohi'  in 
as  to  the  age  and  origin  of  the  schists  of  both  regions.  W e  know 
that  the  Mome-schists  of  the  uorth-west  have  been  pushed  into 
their  present  positions,  and  probably  have  acquired  tncir  present 
crystailiii  liaracters  since  Cambrian  time.  The  Survey  has 
detected  bjmds  of  what  jippear  to  bo  Arcnig  rocks  wedged  in 
among  the  schists  and  grits  along  the  .southern  l3ordor  of  the 
Hif^lilands.  It  thus  seems  pessihio  that  the  plication  and  meta- 
nioi  jiliisfii  of  the  Highland  .sehisis  were  not  concluded  muil 
Lo\\er  Silurian  tune,  and  that  these  schists  may  have  originally 
consisted  partly  of  older  Palieozoic  as  well  as  I'l^-Caiiibrian 
sediments. 


Aberdeenshire* 

i.viia.  k  Dia-     The  area  surveyed  last  year  by  Mb.  Babrow  lay  around  the 
imt Dcesilflk  Bynack,  near  the  western  source  of  the  Dee.    The  mapping  of 
low  ^''^^      the  basin  of  Deesidc  is  now  complete,  with  ilit  exception  of  a 
"^'^  few  smidl  and  rather  inaccessible  |xatches.    For  convenience  of 

description  the  lUiiaf  k  district  may  be  divided  into  two  parts, 
se]inrat(H!  l)y  a  great  fault — a  continuation  of  the  Glen  Tilt  fault, 
which  has  now  oeen  proved  to  conLinue  far  into  Aberdeenshire. 
Not  oidy  does  this  line  of  dislocation  correspond  lor  a  great 
distance  with  a  marked  dissimilarity  in  composition  of  the  rocks 
on  cither  side  of  it,  but  to  a  considerable  extent  it  also  coincides 
with  a  line  jnarking  a  r.ipid  decrease  in  their  metamorphism. 

The  area  west  of  ilir  I'mlt  is  cniDjKtsed  entirely  of  crystalline 
gneisses,  varying  in  lint  Irom  rather  dark  grey  to  nearly  white, 
the  change  in  tmt  being  mainly  due  to  the  varying  amount  of 
brown  nuca  present.  By  lur  the  greater  part  of  the  series  is 
highly  fjuartzose,  and  possesses  a  tyi>ical  mode  of  weathering. 
In  the  streams  tln.'se  rocks  form  massive  j-Mivements,  admiraMy 
shown  in  the  bed  of  the  Gcldie  above  its  junction  with  the  Dee. 
On  the  hillsides,  free  from  drift,  they  form  loi»g  ribs  or  terrace- 
like  lines,  lioth  in  their  dominant  grey  tint  and  in  their  nindo 
of  weathering  they  are  substantially  identical  wi;h  the  grey 
Moine-schists  or  guei.sses  of  the  north-west  Highhtuds.  Some 
Kuhordinato  bands  of  highly  micaceous  gneiss  associated  with 
ihmx  are  clmmcteriscd  by  a  softer  mode  of  weathering  than  the 
angidar  r«  u  ius  of  the  rest  of  the  rocks.  Tlu  st  1  ,m  .ds  alone  contain 
ubuudnnt  white  mica;  in  most  of  the  others  thii^  mineral  is  con- 
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spienouflly  absent    M  in  other  similar  areas,  tbis  absenoe  ofBTnaokDis- 
"whitd  mica  is  accompanied  by  a  total  absence  of  the  lenticular  [JJ^^^®*yo^^j 
or  overthnist  structure,  so  characteristic  of  nearly  all  the  true  ^* 

schists  in  tho  soiitlu  rn  Highlands  th;it  have  resulted  from  the 
aUciMt  !oii  ot"  scdiuienUuy  rocks.  The  perfect  parallelism  of  the 
bands  of  ditleivnt  coloured  material  in  iimny  gpeciiiifnis  is 
no  dovilit  original  betiding.  It  strongly  recalls  tho  curious 
intensification  of  the  bedding  produ^ced  in  man^  banded  rocks 
by  contact  or  thermometamorphism.  The  splitting  faces  are 
often  coated  with  brown  nTK^a,  which  imparts  a  bronzy  aspect  to 
the  rock  From  the  highly  quartzose  nature  of  these  gneisses 
alumina-silicatos  are  not  common  in  thcin,  aU.lit>UL,''li  with  a 
hantl-lens  minute  garnets  can  often  he  made  out,  which  possess 
the  clear  port-wine  colour  shown  by  liie  Siimo  mineral  m  the 
siUimanite-bearing  rocks  close  to  the  Galloway  granite.  These 
little  garnets  are  most  abundant  in  a  white  rock  in  which  the 
qiiartz-grains  are  embedded  in  a  paste  of  white  felspar.  By  the 
aid  of  tnis  rock,  which  can  be  easdy  recognised,  the  great  spread 
of  in^cisses  is  seen  to  result  from  the  compliwited  folding  and 
subsoquent  motamorphism  of  a  coniparativcly  thin  group  of 
strata. 

The  microscopic  examination  of  the  gneisses  shows  that  some 
of  them  poflsess  remarkable  structures.  In  addition  to  the 
c<»nmon  granular  structure,  from  which  they  are  usually  classed 
as  granuhtes,  they  present  two  others.  The  one  which  can  easily 
be  made  out  with  a  liand-lcns,  and  may  be  conveniently  called 
(|uartz-bleb  structure,  has  the  quartz  embedded  in  a  matri.x  of 
felspar,  which  oft^-n  extinguishes  in  fairly  large  sheets.  Tho 
other  can  only  be  made  out  with  the  aid  of  a  niicroseope,  and 
may  be  termed  "  pseudo^igneous,"  for  structurally  some  of  the 
rocks  of  this  iy[)(j  are  identical  with  many  granites.  They 
contain  abundant  micro- pegmatite  of  the  vermicular  type,  and 
are  specially  rich  in  alkali-felspar,  mostly  potash.  It  may  be 
tlint  the  original  pre^'-nee  the  potash-felspar  gave  ri.se  to  those 
slru.  tures  .so  chani'  i.  ri.stie  of  rocks  that  have  been  in  a  f^tale  of 
actual  fusion.  Tho  large  proportion  of  potiish  may  have  enabled 
these  rocks  to  attain  a  state  at  least  approaching  pasty  fiision, 
while  the  other  bands  in  which  potasn  is  not  so  abundantly 
present  were  unable  to  do  so.  In  tne  Southern  HighlaticU,  rocks 
po.s.sessing  such  igneous  structures  have  been  met  with  at  only 
n]\i'  (,[]](■]'  loealifv  among  the  lowesl  Iniown  rocks  in  De(>-si<le, 
where  au'-iin  the  rock  is  rich  in  potash  t'  l^nar.  A  sti-ikiie^^ 
feature  o I  the  whole  area  west  of  the  great  laull  is  ihu  .singular 
uniformity  of  the  metamorphism.  The  rocks  about  LolIi  Tilt 
are  just  as  high!)  crystalline  as  those  six  miles  otf,  close  to  tho 
edge  of  the  great  mass  of  the  Cairngorm  grtinitc. 

Over  the  entire  district  j)e"[matite  occurs  in  two  forms,  either 
as  little  sills,  \;Iiieh  are  of  loeal  occurrence,  or  as  little  dykes 
\vhi(-h,  whil'-  ne\cr  absent  over  any  large  area,  tend  to  form  a 
perfect  network  in  the  districts  where  they  are  speeirdlv 
abundant.  The  sills  have  a  pronounced  white  colour,  and  are 
composed  of  augen  of  white  potash-felspar,  surrounded  by 
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imck  Dift-  quartz-felspar  material.  With  the  latter  mnscovite,  and  at  times 
garnet,  arti  alniridantly  the  whole  rock  possesses 

ir.iiaiTow.)  ^  intensely  "  flasor  "  aspect,  not  a  vestige  of  which  is  seen  in  the 

iiowor  granit*''^  <>f  this  ro^rion.  The  small  dykes  have  a  vorv 
distinct  aspect.  They  «)t"ten  possess  ;in  ntiter  Tnarp^in  of  coarselv 
crystalline  felspar,  within  which  is  a  riner  and  greyer  material. 
The  grey  colour  of  this  inner  material  is  due  to  the 
presence  of  brown  mica.  White  mica  and  garnet  are 
also  present,  but  this  part  of  the  dyke  is  of  very 
variftble  composition.  These  rocks  possess  the  intense  harcf- 
ncss  of  the  similar  dykes  of  the  Cairnshee  macfma  so  abundant 
in  the  Iknchory  nrea,  and  there  can  he  little  (louht  that  these 
pegmatites  re[  »res(>nt  a  portion  of  that  intrusion.  The  tield-work 
of  previous  yt?ars  lias  shown  that  the  Cairnshee  magma  reaches 
the  sur^ico  along  a  belt  of  ground  stretchmg  from  the  coast  at 
Aberdeen,  whore  it  is  specially  abundant,  to  a  point  some  dis- 
stance  above  Ah"  r  and  its  occurrence  in  Upper  Dee-side  in  a 
direct  line  with  the  belt  already  referred  to,  serves  to  confirm  the 
conclusions  arrive<l  at  in  the  ease  of  the  muscovite-biotitc-giieiss 
of  the  area  to  the  siuilh.  H*  re  (he  pegmatites  of  the  Caimsiiee 
type  continue  in  a  gradually  uarruwmg  belt  for  at  least  40  miles, 
though  the  granite  itself  never  reaches  the  surface.  These 
phenomena  accord  with  those  recorded  from  the  study  of  the 
Brittany  Granites,  by  Dr.  Barrois,  who  has  shown  that  there  is 
a  long  and  a  short  axis  to  a  series  of  granite  intrusions.  Along 
the  long  axis  the  ^finite  is  met  with  repeatedlv.  and  even  when 
when  it  sinks  beneath  the  sui  t'ace  its  presence  at  no  great  depth 
is  often  shown  by  the  alleralion  of  the  overlying  rocks.  In  the 
direction  of  the  short  axis,  the  metamorphism  steadily  decreases 
as  a  rule,  and  fiirther  exposturcs  of  the  granite  are  rarely  met 
with.  The  older  granites  exactly  reproduce  these  conditions  in 
the  great  distances  through  which  the  gianites  make  their 
presence  evident  by  their  pei,'-matites,  and  the  rxtreme  slowness 
with  which  the  metamorphism  deerease^^  alnn<j^  these  belts.  Tn 
a  directioti  at  right  angles  to  tlie  lonLrer  axis  the  peirniMiiies 
usually  disjippear  rather  rapidly,  and  a  steady  decrease  hi  mctii- 
morphism  is  well  markea  Aroimd  the  head  of  the  western 
branches  of  the  Dee  the  pegmatites  are  spet^ially  abundant 
along  a  belt  stretching fix>m  a  point  a  little  west  of  Lfx  h  Tilt  to 
the  ("best  r.f  Dec,  and  running  rouj'hly  parallel  to  the  line  of 
deereasiie-T  niotainorphi.sm.  Where  tliey  (lisap])ear  to  the  north 
and  norlh-eust  is  not  yet  exactly  known,  but  to  the  east  and 
south-east  they  rarely  cross  the  stream  flowing  from  the  head 
of  the  Tilt  to  join  the  Dee  at  its  junction  with  the  Geldia  The 
line  marking  the  limit  of  uprise  of  the  pegmatites  corresponds 
exactly  with  the  line  of  rapid  decrease  to  the  east  and  south- 
east in  the  crystallisation  of  the  schists,  and  thus  while  the 
hiirhlv  ervstaliine  characrer  of  these  ]\biine-trneisses  has  not 
ht'v.n  iuduci  d  by  the  n^  wer  granite,  its  connection  with  the 
pegmatites  seems  specially  cleaxr.  That  these  pegmatites  do  not 
Dciong  to  that  granite  may  be  inferred  from  the  fact  that  not 
only  do  they  not  increase  m  number  towards  the  great  intnisiv^ 
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mass,  but  on  the  coutniry  froquoutly  docronsc.  as  ma}'  ho  rl(»arly  Hynack  Dis- 
seon  from  the  sections  in  and  about  the  bed  of  the  Dec.    Tiie  }jV^''^'*'^*^*j 
pegmatites  are  specially  numerous  near  the  Chest  of  Dee  and  ^  ^'  "^^'^ 
for  some  distance  fiirther  up  the  riyer.   They  then  decrease  in 
number,  and  are  rare  near  the  granite.   The' actual  jimction  of 
the  Moine -gneisses  and  the  Cairngorm  granite  Hes  in  the  bed  of 
the  Dec  and  the  marginal  phennmpna  of  the  granite  can  be 
clearly  studied.    The  bard  pe|^nnatit<  s,  if  |»n  s<  nt  at  all,  are  there 
represented  by  two  minute  venis  iu  the  wliule  section. 

At  the  southern  end  of  this  section  in  the  Dee  the  pegmatitic 
material  that  really  does  belong  to  the  newer  intrusions  may  be 
seen.  It  consists  of  a  red  friable  material,  of  variable  compo- 
sition, but  always  rich  in  potash-felspar,  together  with  quartz, 
garnet,  and  muscovito.  Ocpasionally  it  is  pale  in  nolour  .md 
sometimes  must  ho  l>r<>keu  before  it  will  disclose  its  true 
nature.  In  aiidition  to  its  friability,  it  possesses  the  dis- 
tinctive cliaractcr  that  no  large  block  is  ever  free  from 
drusy  cavities.  On  the  margins  of  these  cavities  the  rock 
is  coar-sely  crystalline,  and  the  nunerals  have  some  of  their 
crystalline  faces  more  or  less  well  developed.  It  is  in  such 
cavifios  tliat  the  wol  1- known  "  Cairngorms  "  ofpur.  This  drusy 
eliiuaclcr,  everywhere  present,  is  seen  in  tiie  vi  ins  in  the  tifmnite 
al»nut  Loch  Muick,  on  the  uiargins  of  the  Tiallater  mass,  and  on 
the  border  of  the  Cairngoriu  gi-anite  in  tlio  Invercauld  Forest. 
In  the  last-named  ground  this  material  also  occurs  well  away 
from  the  main  mass  of  the  granite,  where,  having  no  longer  a 
high  temperature  environment,  it  consolidated  in  fine-grained 
garnet-bearing  dyl^os.  The  composition  of  these  rocks  about 
the  head  of  the  Dee  makes  it  eviflont  they  must  be  newer  than 
the  main  mass  of  the  Cairngonu  granite.  They  frequently 
cut  that  rock.  It  is  needless  to  state  that  the  hard  white 
pegmatites  never  occur  within  the  granite.  A  remarkable 
toature  of  tho  Cairngorm  mass  in  this  district,  as  in  others,  is 
the  fine  grain  of  many  of  the  intrusions  within  it.  Indeed, 
when  free  from  druses,  they  are  mostly  tine-grained.  In  this 
rrsppnt  thore  is  a  remarkable  contrast  between  the  small  acid 
inirusions  in  tho  granite  and  those  in  the  diorite.  Similar 
material,  occurring  even  on  the  outer  edges  of  tho  diorite,  is 
invariably  coarsely  crystalline. 

In  the  area  east  of  the  great  &ult  above  referred  to, 
surveyed  by  Mr.  Barkow,  the  llfoinc-gncisses  are  abruptly 
truncateil  by  the  dislocation,  and  with  one  exoeptif)n  an 
entirely  ditVcrcnt  set  of  roeks  lii's  on  the  east  sido.  The 
ol)server  sndd»ndy  ontors  u^xm  the  domain  of  the  well- 
known  Highliind  quailzite  and  limestone,  lletween  these  two 
members  of  the  series  a  lenticle  of  altered  sedimentary  rocks  of 
very  variable  composition  and  thickness  is  observablo.  '  In  some 
pluet;s,  however,  though  rarely  in  Upper  Deeside,  the  limestone 
lies  in  direct  contact  with  the  quartzite,  as  so  often  happens  in 
the  Ikn-y-Clo  ar<\v  The  lithological  variations  of  this  inter- 
calRte<l  lenticle  forcibly  remind  us  f>f  those  so  frequent  and 
conspicuous  at  the  base  of  any  ot  the  limestones  of  the  Yorcdaie 
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ByttMsk  ikb-  series.  As  In  that  Ckirboniforons  succossion,  there  may  origin- 
(\i '^'k^^    )  ally  liave  been  a  shale,  a  sandy  shale,  or  a  sandstone  at  the  base 
ii  r.  *^»^«^->0f Hjjriiijind  iJmegtone.   The  mapping  has  shown  that,  on 
the  whole,  the  most  coinnion  material  was  probaUy  a  dark  shale 

cont.'uiiinjj  a  small  hand  of  dark,  soinowhat  Ciirbonaceous  lime- 
siono  a  toot  or  so  thick.  The  iiilen.w  plication  which  this 
denticle  has  uudcrgonc  f*i\i;.s  tlio  doooptivo  impression  at  first  of 
a  thick  mass  of  strata,  but  it  has  been  known  for  some  years 
that  the  dark  shale  was  really  a  thin  band.  The  repeated 
folding  and  reduplication  of  the  little  diwk  limestone  enables 
this  structure  to  be  clearly  determined,  as  the  Moine-gneisses 
already  noticetl  are  shown  by  tlio  incessant  foldiiijx  of  the  curious 
wbitc  piruct-]io;iriT)(/  rock  tu  have  acquired  their  apjpareut 
tlii«'kii<'ss  liy  inteiix'  pliration. 

1  he  great  fault  that  gives  to  Glen  Tilt  the  aspect  of  a  huge 
furrow  driyen  by  a  gigantic  plougli  is  not  an  isolated  line  of 
fracture.    It  is  simply  the  master-mult  of  a  great  scries.  This 
series  of  parallel  faults  is  crossed  by  a  set  of  minor  dislocations, 
which  can  rarely  be  traced  far,  though  so  great  is  their  number 
and  so  potent  have  been  tb*'  <  j1t'cts  of  their  production,  that  in 
speoinl  localities  it  is  ahnusL  impossible  to  rind  a  specimen  of 
rock  not  more  or  less  decomposed  by  shattering,    Tiie  main 
lines  of  fracture  are  often  taken  by*  dyke-like  mtrusions  of 
newer  granite  material  which  occasionally  attain  the  breadth  of 
nearly  a  mile.   The  intrusive  material  may  be  entirely  unaftected 
by  the  fault,  all  movement  having  ceasetf  before  consolidation  ; 
it  may  show  a  foliated  or  How  structure  due  to  final  movement 
during  consolidation;  or  it  may  bo  acLually  crushed  by  post- 
consolidation  movement.    The  last  phenomenon  is  rarer  than 
might  bo  supposed,  and  is  alwa^  confined  to  the  marg^Ins  of  the 
d^ke  or  special  thin  bands  within  it.    Microscopic  sections  prove 
that  specimens  showing  flow-structuio  and  others  showing  post- 
consolidation  crush  maybe  fcamd  within  a  foot  of  one  another. 
Indeed,  all  three  phases  may  be  at  times  met  with  in  the  same 
dyke  at  difterent  parts  of  its  eomse.    That  tbo^e  faults  are  in 
the  main  older  than  the  grnnit(>  in  them  is  obvious;  it  is  equally 
clear  that  they  are  post -met*  uiorphic ;  for  not  only  do  they 
completely  destroy  the  crystallisation  of  the  unbroken  rocks,  but, 
in  addition,  they  bring  the  l)rok('n  antl  decomposed  material 
into  a  specially  favourable  condition  for  being  acted  upon  by  the 
intrusions.    From  an  examination  of  thin  slides  made  from  a 
decom]ios-c(l  L;;n  nrt  sehist  along  tlie  side  of  one  of  these  faults  in 
and  about  wiiieh  ilie  newer  igneuus  inlru.siuns  were  speeitilly 
abundant,  it  appears  that  a  new,  very  tine  criss-cross  micaceous 
structure  has  been  developed,  closely  resembling  that  produced 
by  the  action  of  the  great  whin-sill  in  the  North  of  England. 
Though  a  purely  contact-structure,  it  bears  no  resemblance  to 
O.w  coarsely  cryst.illiue  structure  of  the  "  homfels  "  of  the  district ; 
wliifli  is  iiotli  nit  by  tbe.se  faults  and  eonlains  numerous  iii- 
trii;  ions  of  similar  material.    Tlu!  more  the  evidence  afforded  by 
these  dykes  is  examined  the  more  clear  is  it,  in  Mr.  B;utow"s 
opinion,  that  the  mctamorphism  of  the  whole  region  took  place 
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before  the  uprise  of  the  granite,  any  local  smAll  altonition  that 
may  occur  heing  at  the  expense  of  this  older  crystallisation  and 

of  a  very  low  type 

After  leaving  the  upper  Doe-side  district,  Mr.  Hakkow  and  Balmoral 
Mr.  CiJNMNdHAM-CKAKi  iiuul*'  nn  ettbit  to  Huish  the  tield-vvork  Si5lli*'H^^^'^' 
in  the  district  about  Balmoral.  'J'his,  however,  the^*  were  unable 
to  do  as  the  gioimd  proved  to  be  of  a  more  complicated  nature 
than  had  been  anticipated.  Instead  of  a  simple  mass  of  normal 
granititc,  the  intrusions  of  the  age  of  t)ie  newer  granite  have 
proved  extremely  variable  and  comp1i*  at< d.  They  range  from 
a  <li^tinr'tly  basic  diorito  to  n  pale  n<  iil  rock  rich  in  polasli- 
felspar.  The  latter  occurs  chiefly  in  small  putclu  s  and  veins  on 
.the  margins  of  the  diorite.  At  times  the  two  rorks  are  sharply 
distinct ;  at  others  thero  is  an  insensible  passage  from  one  to  the 
other. 

SUinding  on  any  elevattnl  point  outside  the  miiin  mass  of  the 
Lochnagar  Granite,  this  intrusion  is  seen  to  rise  abniptly  from 
the  lower  ground  generally  supposed  to  1)0  composed  of  metji- 
morphic  rorks.  l)i'taik'<l  mapping  has  nuw  shown  that  close  to 
the  foot  of  llic  rising  ground  lies  a  series  of  patches  of  diorite  of 
all  sizes,  which  no  doubt  indicates  the  top  of  a  large  mass,  more 
or  less  continuous  under  groimd.  AVliere  these  break  through 
the  mctamorphic  rocks  the  diorite  is  ofben  fine  in  grain.  The 
conviction  m>m  the  field-work  grows  that  fineness  or  coarseness 
of  texture  in  such  (\nses  is  largely  due  to  the  proximity  to,  or 
depth  below,  the  original  top  of  the  mass. 

The  cordicrite-hornfels  has  prove<l  to  ywsscss  a  greatly  ^^"^do^ 
extcTi^ion  than  was  fonnerlv  supj)osed.  Excepiionaily  largo 
masses  oi  it  occur  on  the  nortli  side  of  the  Deo,  about  Invcr.  The 
actual  tracing  out  of  this  type  of  alteration  shows  that,  while  often 
found  close  to  the  granite,  it  also  often  occurs  at  a  distance  of 
at  least  three  miles  from  an^  large  mass  of  that  rock,  the 
highly  aluminous  rocks  that  mterrene  being  intensely  foliated 
silTimanite  gneiss. 

The  district  of  Braemar,  in  wliich  Mu.  ('unnin<:i{am-Craig  Braemar 
has  been  engaged  for  sc\-cr;d  yi  ars.  was  revisited  \ty  him  last  l?,,^"-^,^,^^^' 
year,  and   he  spent  ratlicr  more   than  throe  months    there,  f^raig,"^ 
partly  ui  the  wesicrn  part  of  tlio  Glen  Ey  Forest,  partly  fiirther 
north  among  the  Cairngorm  Mountains,  Mid  partly  in  the  Forest 
of  Balmoral   But  the  necessity  of  oompletmg  some  scattered 
outstan(Ung  areas  in  the  southern  Highlands  required  him  to 
pass  the  early  and  the  late  part  of  the  working  season  in  the 
counties  of  rcrth,  Stirling,  and  Dumbarton.    He  has  sup|^)lied 
the  following  notes  reganling  the  chief  results  of  his  recent  hold- 
work  in  the  Braurnar  district : — 

While  generally  ( ontirniing  the  work  of  previous  ywirs,  which 
has  been  described  in  former  Suin)uarU>fi  oj  Progress^  Mb.  Cun- 
ninouam-Craiu,  in  the  course  of  mapping  the  black  schist,  hme- 
stone,  and  quartzite  to  the  west  of  Grlen  £3^,  has  obtained  new 
evidence  bearing  on  points  of  special  interest  in  the  geology  of  the 
district  Among  these  the  question  of  the  order  of  succession  of 
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Braemar  the  rocks  may  ho  spccinlly  iiiciil  ioiied.  in  t\w  Sn  rn  nm  rt/ ior  1807 
District.  (page  54),  reterunco  whs  iiui(ic  it)  uidiciitioiis  ot  cuiLsiJurublc  lociil 
Criii°!°*^  contempomneous  erosion  and  deposit  between  the  Hmestone  and 
the  quartzite,  and»  though  the  order  of  succession  was  not  defi- 
nitely  stated,  attentiDii  was  called  to  the  fact  that  the  bed  of 
limestone  nearest  to  tlie  (juartzite  is  occasi(tn<illy  ahsunl,  as  iiuli- 
cat«Ml  }>y  the  sections  near  tlie  head  of  Glen  Ey.  The 
adjoining  gi'ound  to  the  northward  has  now  been  surveyed,  and 
the  evidence,  while  fully  bearing  out  what  has  already  been 
stated,  is  much  clearer  and  more  definite.  Hie  band  oi  lime- 
stone which  appears  nearest  the  quartzite  is  there,  as  in  Glen 
Ey,  a  pure  saceharoid  marble,  which  is  oc(;asionally  almost  in 
actual  contact  with  the  marginal  beds  of  the  quart  zi to,  while, 
whern  it  is  absent,  the  qiiartKite  comes  in  contiict  with 
certain  variable  schists  often  oltsi  i  vable  belwucn  the  saceharoid 
bed  and  the  less  pure  ur  ribbed "  limestone  beds.  These 
schists  are  frequently  associated  or  intercalated  with  the  latter. 
In  sections  in  Coire  Bhoumeasg  the  quartzite,  with  bands  of  the 
"  Coire  Xeid  beds,'V  seems  to  transgress  the  bedding  of  the 
variable  schists,  which  occasionally  intervene  between  it  and  the 
limestxme,  and  in  one  or  two  instances  It  may  Ite  seen  striking 
obUqiioly  at  and  transgressing  tbe  Ifcds  i.t'  ilie  limestone. 
Further  down  Glen  Connie  the  quart zitc  lies  in  (onlact  witli 
the  black  schist,  the  limestone  not  being  present,  though  in 
Coire  Bhoumeasg  it  occurs  in  a  thick  folded  mass  between  the 
two  rocks.  In  the  AUt  an  t'Stonnaioh  specimens  of  what  may 
be  described  as  a  calcareous  quartzite  show  the  bedding  and 
banding  of  the  quartzite,  but  contain  a  considerable  (jimntit)-  of 
carbonate  of  limo;  the  rock  may  have  been  originally  a 
calcareous  Niudsione,  formed  by  the  deposition  of  arenaceous, 
material  contemporaneously  witii  the  erosion  of  a  limestone. 

Observations  of  the  "  pitch  "  of  the  folding  give  confirmatory 
evidence.  At  the  head  of  Coiro  Bhoumeas?  a  folded  mass  of 
limestone  is  seen  distinctly  "  pitching  "  under  a  belt  of  biotite- 
schist,  and  the  latter  in  timi  "  pitches "  benciith  the  rusty 
"  Coire  Neid  beds,"  i  t'.,  the  lower  part  of  the  quartzite,  which 
distinctlv  surmounts  thtm  in  this  section.  From  these  data  it 
may  be  Inferred  thai  the  order  of  succession  in  this  district  is  as 
follows  in  descending  order : — 

1.  Quaruite — Kusiy  and  Lhin-bedded  "Coiro  Neid  beds" 

(not  always  present). 

2.  Local  unconformability. 

3.  Variable  schists  (frequently  absent). 

4.  Limestone. 
.5.  lilack  schist. 

The  black  schist,  as  (yi»l(  ally  developed  in  the  district,  must 
be  distinguished  frrtm  tlif  line  biotite-schists  whiHr  frequently 
aj>poar  above  the  liiiirsiouo  .md  often  closely  resend»le  the  former 
rock.  This  disdnclioii  has  been  noted  on  the  field-maps 
wherever  possible,  but  as  the  limestone  appears  to  be  developed 
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in  lenticiilnr  Wis  ;in<l  is  occasionally  absent,  rs|H  (  ia]ly  whore  Braeniar 
the  black  schist  attiiins  its  i^ncatt  st  devciopment,  coxitusion  ^?*^'^'i^^^^'^''■• 
;t\veeu  the  Uvo  horizons  is  liable  lo  anse.  Cmig.) 

In  this  connection  the  fact  may  bo  recalled  that  the  conglo- 
memtic  deponit  discovered  in  Comemulzie  slen  {Sumnw  of 
Proffresa  tn-  18D7,  ])u-,'o  58),  and  considered  as  possibly 
representing  the  "  bouM.  r  bed,"  contains  nunieroiis  subanirul.ir 
and  rounde<l  ppM)les  ot"  tlio  typiojil  fine  pnrplo  l»iotito-so]iist  and 
other  variegated  schists  which  liave  been  tretjin  ntly  obsn  vcd 
between  the  "  ribbed "  limestone  and  tlie  saccharoid  marble 
banci  The  horizon  of  this  conglomeratic  deposit  lies  between 
the  quartzite  and  limestone,  and  the  bed»  though  neyer  well 
exposed,  occurs  actually  on  the  maigin  of  the  quartzite. 

In  the  northern  part  of  Glen  Connie,  and  in  the  ground 
between  that  valley  and  the  Dee,  iljiggy  and  granulitic  niolito 
gncisses  form  the  country-rock,  t<>  the  exclusion  of  all  other 
(l('p(».sits,  with  tlie  oxce])tion  of  bunds  ut  (juartzite,  which  become 
more  frequent  and  more  massive  to  the  southward.  In  this 
district,  and  in  the  area  of  metainojphic  rocks  north  of  the  Dor. 
surveyed  during  the  past  season,  tno  folding  is  flattened,  and 
sh oaring  movements  nave  heen  relatively  severe.  North  of  the 
Dee,  in  this  series  of  granulitic  gneisses,  zones  or  belts,  con- 
sisting wholly  nr  in  <jfroat  part  of  qnartzito,  can  be  mapped 
out  along  the  hillsides  fur  cuiisideraMo  distances.  Xo  evidence 
of  unconformability  between  the  bsind.s  ot  t^iiartzite  and  flaggy 
^uisses  has  heen  detected,  and  so  &r  the  evidence  bears  out 
She  suggestion  {8ummcvfy  for  1808,  page  24)  that  these  rocks 
may  be  the  equivalent  ot  the  granulitic  gneisses  and  quartzite 
of  the  Bantt'shire  series,  though  they  ditFer  consideiably  from 
them  in  litholoffioal  ohamotors. 

West  of  tlu-  ( iitraucc  to  Glen  Ey  a  felted  muscovite-biotite- 
schist,  conspitaiuus  on  Creag  a'  Chait  among  the  thiggy  biotite- 
gneisses,  resembles  closely  the  felted  schist  with  quartz  and 
albite  segregations,  described  in  the  Humrmry  for  1897  (p.  53),  as 
occasionally  appearing  between  quartzite  and  limestone.  The 
same  rock  may  be  seen  in  the  Ey  section,  south  of  the  Colonel's 
Hed.  in  contact  with  a  much  slu  arcd  '.rreenish  amphibole-schist, 
which  may  be  a  crushed  epitliorite,  but  is  more  probably  the 
impure  euge  of  a  ciilciireous  band,  sheared  and  atiected  by 
thermometamorphism. 

The  western  margin  of  the  diorite,  which  has  now  been 
mapped,  follows  the  wistera  side  of  (  ilcn  D*  i  ry,  where  it  comes 
in  contact  with  the  granite,  and  is  pierced  by  several  minor 
intrusions  and  tongues  of  granitic  and  .|)e^matitic  material.  In 
the  course  of  the  seiuson,  20  square  miles  of  the  Caimi^'orm 
granite  were  surveyed,  but  nothing  of  importance  can  be  udilcd 
to  what  has  ahejidy  been  published  {Huuuimi'y  for  1898,  pp.  25 
€fl  seq.)  with  regard  to  that  intrusion.  Variations  in  the  texture  of 
the  rock  are  frequent,  but,  as  a  rule,  without  anv  clearly  defined 
boundaries.  Thin  auartz>ree&  and  crush-ree^  are  noticeable, 
especially  on  the  hign  ground;  zones  in  which  tin  so aro common 
may  be  seen  near  the  summit  of  Beinn  Muich  Dhm.  The 
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Braiuaor  crusli-veins  have  prolwblv  originated  during  luovonients  in  the 
Dlstiirt.  (Mr.  granili)  mass,  after  its  upper  part  bad  consolidated.  Tlu'  hxtvst 
^^^lumiiig  aui-  pjj^^j  ^£  ^jjy  residual  luaterial,  which  Jiiu*  cr^  sl4ilhj»cd  in  ciiviLies 
and  in  iissuFO>yeiiis,  caused  by  the  contnictLon  of  the  solidifying 
maas  of  ^nito,  may  bo  described  as  a  muflcoTitc-pegmatite.  it 
is  son ictn lies  very  coarse,  and  shows  frequent  graphic  inter- 
growths  of  quartz  and  orthoclase. 

About  17  square  miles  of  tlio  Lorbna'.nir  qranitc  mass  have 
also  l)e»>n  snrvcved.  Tho  rock  toruiiiiLT  this  intrusion,  though 
geneially  similar  to  tlic  Cairngorm  rock,  presents  many  minor 
points  of  difterencc.  It  is  novor  so  coarse  in  ^rain  as  tho  main 
mass  of  the  northern  intmsion,  and  never  attains  on  weathering 
such  a  deep  red  colour.  Biotite  is  in  some  cases  more  con- 
spicuous in  It,  while  the  rock  apparently  contains  more  oHgoclase, 
mid  is,  in  consequence,  hardly  so  acid  ui  character.  Tlio  residual 
material  in  veins  is,  as  a  rule,  less  (  (uirsely  crystalline,  and  also 
less  aiid  in  composition  than  in  liic  Oairngorn  mass,  biotite 
being  frequently  present. 

In  tho  area  west  of  Glen  Ey,  large  irregular  intrusions  of  a 
remarkable  porphyritie  rock  are  exposed,  which  can  be  traced  to 
the  Perthshure  border.  Tlie  principal  intmsion  attains  a  lengUi 
of  three  miles,  with  a  breadth  varying  from  one-third  to  two- 
thirds  of  a  mile,  while  other  masses  of  lesser  area,  together  with 
small  dykes  and  sills  of  siuiilar  material  appear  in  bum-sections. 
The  largest  mass  stretches  froju  the  ridge  north-west  ol  Allt-an- 
Odhar  shieling,  over  the  top  of  Cairn  Creagach,  and  along  the 
ridge  between  Glen  Connie  and  Allt  Sionnaich  in  a  north-north- 
easterly direction  to  the  hill-top  west  of  Aucherrie,  and  is  never 
obser\'ed  at  a  lower  level  than  1,G00  ft.  At  several  points  this 
intrusion  has  vertical  or  hii^hly-inciined  mar^^ins,  but  it  spreads 
oiu  id  a  silldike  mass  over  the  hiil-tops,  and  is  capjKjd  m  ono 
instanet.'  by  a  cake  of  metamorphic  rocks.  A  similar  but  smaller 
mass  of  rock  occurs  on  the  westward  side  of  a  tributary  of 
the  Connie,  at  a  distance  of  300  yards  from  the  main  intrusion, 
whUe  the  same  rock  appears  on  Goal  Cham  on  tho  Perthshire 
boundary  as  an  (  xicnsion  of  masses  mapped  in  Perthshire  some 
years  airn  by  Mk  J)akv\.s.  The  ni>iin  mass  evidently  acts  as  a 
somewhat  incLTnlar  sill,  as  is  shown  by  its  mode  of  occurrence 
and  torm,especiullythe  V  slia[)e  (tf  ilie  margin  in  theAlltSionnaich 
glen.  The  material  ul  those  intrusions  presents  several  dif- 
ferences from  the  other  igneous  rocks  of  the  area.  The  rock  is 
essentially  porphjnitic,  and  usually  consists  of  phenocrysts  of 
plagioclaso,  quartz,  and  biotite  in  a  matrix  which  varies  from 
nolocrystalline  to  cryi)tocrystallinc. 

Mr.  Teall  describes  one  of  rhe  coarser-grained  specimens 
(8408)  as  containing  "  idiomorjtliic  plagioclaso  (oJigoclase- 
labradorite),  orthoclase  (scarce),  quartz,  biotite  (more  or  less 
replaced  by  chlorite),  and  iron  ores.  The  rock  is  intermediate 
between  a  granite  and  a  porphyrite ;  but  rather  more  allied  to 
the  fonm  r  that  the  latter.  Anoihcr  specimen,  taken  from  the 
heart  of  the  niass,  cont/iins  a  little  nucrocline.  and  interstitial 
micropegiuatite.   It  is  thus  seen  that  these  intrusions  are  more 
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basic  than  the  normal  acid  intrusions  of  the  Bmemar  area,  but  i)T««niKr 
resemble  on  the  one  hand  the  Glou  Troiiiie  porphyry  doscribcxi  r)i-t ru  t.  (Mi 
by  Mr.  HiNXMAV.  nnd  on  the  otlier  hand  the  Newbig«rin  dyko  [,JJJl"'"8»«u" 
descrilvfd  by  Mk.  Bakhow,    It  is  rf-Tuarkable  that,  alth'iiiL^h  in  "**^* 
the  cenlrejs  of  these  intrusions  th<'  sti  iu  tiirv  appioacbc.s  tliat  of 
a  granite,  the  rock  being  holocrysiniime  tliroui^hout  with  no 
ffioimdiDass,  in  the  marginal  areas  a  ^roundmass  is  well 
developed,  and  fre<}uently  quite  compact  m  appearance,  while 
the  phenocr^-sts  mainUiin  their  normal  size  and  appearance  in 
it,  with  rather  more  distinctly  idioniorphic  outlines.    Thus  it  is 
evident  that  the  intrusion  of  these  rocks  has  taken  place  wlu  n 
the  surrounding  rocks  were  at  a  comparatively  low  tempt  rat uru 
and  that  the  mai^ns  of  the  mass  consolidated  mure  tpiickly 
than  the  centre.   The  ditterence  of  texture  is  especially  notice- 
able where  the  intrusions  have  a  sill-like  form,  while  where  a 
vertical  margin  is  observed,  the  effects  of  rapid  cooling  are  not 
so  conspicuous. 

Small  dykes  and  irrcq-nlar  intrusions  of  the  more  quickly 
cooled  variety  of  the  granitoid  porphyrile  are  observed  in  the 
Allt  Cristie  Mor  and  Allt  Cristio  Beg  to  the  northward  of  the 
main  masses,  and  it  is  reuuirkable  tmit  in  these  instances  the 
kneous  rock  only  appears  at  a  comparatively  low  level.  It  is  not 
(Uear  how  far  the  larger  masses  have  been  intruded  along 
previously  existing  fault-lines.  One  of  the  masses  upon  the 
Perthshire  border  (Gt'ul  <'harn)  may  have  l>een  so  intruded, 
and  this  is  also  probably  true  of  an  ill-drfined  mass  of  tiner  and 
more  acid  material  (the  normal  quanz  ))«)r|)hyry  of  the  Braemar 
area),  which  appears  on  the  ridge  north-west  of  Glen  Connie; 
but  ihe  main  mtrusion  does  not  appear  to  follow  any  line  of  dis- 
location. On  the  contrary,  the  igneous  rock  has  been  crushed 
and  shattered  by  fault-movements  in  at  lejist  two  localities,  viz., 
on  the  south-east  side  of  Glen  Connie  and  in  the  lower  pfirt  of 
the  section  in  Allt  Sionnnich.  "Mu.  Ti:  vij.  describes  a  speeimen 
(8501)  from  the  former  locality  as  "acruslicd  igneous  rock.  The 
original  rock  was  probably  snnilar  to  those  described  above 
^8498)."  The  quickly-cooled  (xlge  of  part  of  the  large  Intrusion 
IS  described  as  follows  *by  Mr.  Teall:  "8502,  Phenocrysts  of 
plfl^odase,  corroded  quartz,  hornblende,  and  biotite,  in  a  micro- 
or  crypto-crystalline  matrix.  Carbonates,  chlorite,  and  epidote 
as  accessories.  <^hiart/-porphyrite.'* 

'I'he  more  u(  ill  t  the  Ian iprophyrc  sills  and  dykes — tine-grained, 
dark-eoloured  roeks,  cunlaming  phenocrysts  of  red  plagioclase, 
and  occasionally  hornblende — are  frec^uently  found  in  the  neigh- 
bourhood of  the  granitoid  porphyrite  intrusions,  but  no  inference 
of  a  common  origin  can  be  adduced  from  this  association. 
Included  in  the  miun  mass,  however,  on  the  north  side  of  Allt 
Sionnaich  occurs  a  patch  of  basic  diurite,  of  which  Mn.  Teall 
supplies  (Ih^  following  description:  '  Hrown  hornblende,  a UL,n to 
and  altered  plagioclase,  with  apatite  and  iron  ores  as  original, 
and  carbonates  and  chlorite  (after  augite)  as  secondary  acces- 
sories ;  augite-diorite."  This  rock  is  probably  of  earlier  date 
thnn  Uie  porphyrite. 

3S71  0 
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BnmnKr  Tho  latest  phase  of  these  remarkable  porph}Ti tic  intrusions  is 
Dij^t  (Mr.  g^jj  quartz-ptu  pli yries  which  are  veiy  notioeable  near  the 

Cnig.)^      edge  of  tlir  larger  inas-ses,  and  which  mdiate  out  from  the 
iTiarc^ins.    These  resemble  in  all  respects  the  quartz-porphyries 

ot"  the  l^meniar  nren,  liavin!^'  invarijit)ly  n  fine  iiiirro-  or  crypto- 
crvsfalliiir  uroiiiid  iiutss,  conijiiuing  idioiiHirpliic  pbenocrysts  of 
tjuurt/.  and  potash  iV  lspar.  in  some  ease>?,  where  these  lato  intru- 
sions beiui^  small  very  ^juickly  cooled,  the  rock  is  a  tiue  felstoue 
wit;h  a  well-marked  Imnding  due  to  flow. 

Takmg  the  whole  area  into  consideration,  we  have  a  belt  of 
country  characterised  by  the  presence  of  intrusions  of  a  composi- 
tion  intonnediate  between  tlio  laiiipr<)))hyres  and  the  arid 
Gjranitt's  and  quartz-porphyries:  in  snmo  eases  the  intrusion  may 
nave  taken  place  alon^'  fault-lines,  but  the  rocks  have  also  been 
considerably  allectcd  smce  their  consolidation  by  the  north-cast 
tosouih-west  &ult.movement8.  In  the  northern  part  of  the 
district  the  igneous  rock  has  not  reached  to  such  high  levels  on 
the  present  surface  of  the  ^ound,  as  in  the  southern  part 
Lastly,  the  latest  and  most  acid  pliasc  of  the  injected  material  is 
indistinguislifiltlc  from  theBraemar  quartz-porphyries,  while  the 
larger  masses  of  the  intermeiliat©  rock  appear  to  of  more 
recent  date  than  the  diorites  and  some  of  the  laniprophxTCS. 
From  these  &ctB  Bin.  CnNrNiNOUAM<-CRAia  infers  that  he  is  deal- 
ing here  with  a  phase  oi  the  newer  granite  magma,  intruded  at 
a  locally  intermediate  stage  in  the  differentiation,  which  has 
given  rise  to  basic  diorite  and  lamprophyres,  highly  acid  granites 
and  qnart/-pnrph}  ries  in  contiguous  areas.  The  intmsion  has 
taken  place  while  the  surroundmf^:  rocks  were  at  a  comimratively 
low  temperature,  as  evinced  by  iLo  hne-grained  chilled  margins. 
The  source  of  the  igneous  material  may  be  looked  for  in  an 
underlying  magma,  the  existence  of  which  has  been  previously 
BUgn^ested  Ly  the  evidence  in  neighbouring  areas.  As  the  latest 
of  the  granitoid  porphyrite  intrusions  liave  l  >een  shown  to  resemble 
closely  the  quartz-porphyries  associated  with  the  AueliinrliTnc 
granite,  it  may  be  nssnniod  that  the  latter  intrusions  are  .some- 
what later  in  date  than  the  granitoid  ]H)r|)liyritcs— an  assumption 
borne  out  by  the  tact  that  the  Auchhidryne  granite  and  its 
apopliyses  have  been  intruded  since  the  north-east  to  south- 
west mull^movements,  while  the  granitoid  porphyrites  have  been 
more  or  less  affected  by  these  ni  v  n  tents.  The  distinctly  less 
acifl  composition  of  these  remarkable  intrusions  also  favours 
this  su|j^estion. 

Specially  interesting  uvidenee  boiiring  on  the  question  of 
thermometamoiphism  has  been  met  with  in  the  tract  west  of 
Glen  Ey,  from  which  the  rocks  can  be  traced  continuously 
eastward  into  an  are^i  of  greater  metamorphism,  while  out- 
( rops  of  black-schist,  limestone,  and  other  deposits  capable  of 
showing  clearly  the  ettects  of  alteration  occupy  a  large  part  of 
the  .surface,  and  can  be  examined  to  gi'cat  advantage  both  in 
burn- and  hi11-se«  tions.  Kyanito  is  commonly  observed  in  the 
black-schist,  and  sUiurolite  more  rarely ;  but  the  crystals,  which 
have  been  developed  since  all  shearing  movement  ceased,  are 
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not  BO  large  and  conspicuous  as  those  seen  in  CkiTzimulzie  Bi««)nar 
Glen.   The  tremolite-iock  and  the  gametiferous  sill  of  horn-  J^unnii, 
blcndc-schist  arc  well  seen,  though  the  former  is  never  so  highly  Ciaig*)^ 

crystalline  as  in  the  moUunorphic  urcji  east  of  Glen  Ey. 

But  the  most  interest  in_r  fciiture  is  tlic  entire  absence  of  the 
|>r(Mliiction  of  hjmfcis,  oxci'[)t  at  tin  conUict  with  igneous 
nilrusions ;  it  is  evident  that  in  Gleu  Connie  we  are  beyond  the 
homfels  area,  and  Lave  entered  a  belt  of  country  in  which  the 
metamorphicnn  has  not  attained  to  that  relatively  intense  degree 
of  alteration.  The  limestones  appear  very  little  attccted,  except 
where  in  conUict  with  tho  granitoid  porpnyrite  intnisions.  The 
mctamorphic  etVocts  of  these  intnisions  are  of  j^eater  interest. 
It  has  been  pointed  ont  tiiat  thongli  those  igncDUs  masses 
attain  to  considerable  dimensions,  they  have  quickly  cooled 
margins,  so  it  camiot  be  expected  that  any  very  extreme  type  ot 
metamorphism  should  be  observed  in  the  sediment^iry  rocks 
along  the  lines  of  contact.  A  certain  amount  of  alteration, 
however,  has  undoubtedly  taken  place.  Where  the  granitoid 
porphyrite  fOTiirs  in  contact  with  impure  limestone  bands  in 
Allt  Sionnaicli,  the  latter  are  converted  into  a  com  pud  banded 
hornlels.    Mr.  Tkall  describas  a  specimen  (8503)  us  tnllows  : — 

"  CompiicL  banded  hornfels. — Tue  specimen  conuiins  a  baud 
of  dark-purplish  homfels  between  bands  of  grey  and  pile  green 
homfels.  The  dark  purplish  homfels  owes  its  colour  to  the 
presence  of  minute  scales  of  biotite.  Tho  other  constituents  are 
prram lies  of  pyroxene  and  a  colourless  mineral,  the  grains  of  which 
are  too  small  for  precise  identification.  They  arc  probably 
cither  quartz  or  felspar.  The  grey  bands  are  devoid  of  biotite 
but  richer  in  pyroxene.  They  also  contain  grains  of  the  colour- 
less mineral  and  lai]^  indiviauals  of  a  mineral  belonging  to  the 
scapolito  group  (dip3a>e).  The  scapolites  are  crowds  with 
inclusions  of  pyroxene  in  the  form  of  minute  grains.  The  grains 
in  the  scapolite  are  distributed  in  exactly  the  siime  manner  as 
in  the  rest  of  the  rock,  so  that  tlio  outhnes  of  the  crystals  can 
only  be  distinguished  in  polarized  light.  Similar  rocks  have 
been  described  from  the  Pyrenees  as  '  corneennes  couqjactcs  "  by 
Professor  Lacroix.  They  are  there  regarded  as  Lias  altered  by 
contact  with  Iherzolita"* 

Purer  bands  of  limestone,  in  Glen  Connie,  are  found  near  the 
i^eous  rock  as  white  saccharoid  marble»  with  traces  of  calc- 
silicates,  which  liave  not  been  determined. 

No  conta(;t  In  iween  the  true  black  sclnst  and  the  porpbyrilc 
is  exposed  in  this  area,  as  the  intnisi(»iis  are  for  the  most  ])art 
confined  to  the  neighbourhood  of  the  liiuosioiio,  but  a  thin  fold 
of  black  schist  seen  in  Allt  CMstie  Mor  among  minor  intrusions 
of  the  granitoid  porphvrite,  has  been  converted  into  an 
andalusite-homlsls,  whicK  ICR.  Teall  d.  .scribes  as  "  (S506) 
^ficaccons  apfgrt^^'ates  with  cores  of  unaltered  andalusite,  quartz, 
and  biotite.   Andalusite-homi'els  (altered)." 

*  Etude   Mintedogique  de  la  Ikenolite  des  IVk  nt'es  et  de  ses 

Shonom^nes  de  contact.     NouvitKet  areAt'JM  du  jfutdum  d'Hittoire 
Tatvrtlle^  3rd  ser.,  pp.  20U-3U2. 
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Braemar  The'  ^mu pie  schLsC  SO  frequently  seen  associated  with  thd 
CunSSgbim-  limestones,  is  also  iimct  affected  near  the  junction  w  ith 

Ci»ig.)  t^li^'  int)  usiv<^  rocks.  It  is  (\ssentially  n  (lunrtz-biotite  rock,  hut 
hy  the  (Icvelopiiicnt  «)f  iiiinnfo  j)l;ift's  of  "  coiiUu't  "  biotitc,  it  has 
Ixien  converl  od  into  a  ii.nd  luol  itt  -hornfels,  tlic  hcchhng  I  icing 
coniplotuiv  ol'lilcniLed.  Two  specimens  of  tlio  rock  from 
different  locuHties  are  thus  described  by  Mr.  Teall  :  *'  (8.304) 
Black  compact  rock  showing  junction  with  porpliyrite.  It 
is  ci»i II posed  of  numerous  (juartz-gmins  in  a  matrix  contaifiing 
small  sc4ilesof  biolite  and  minute  opaque  dusty  particles  (?  car- 
bon.aceous).    Thf  loi-k  lias  the  slnictiire  o\'  fine  grit" 

"(8;j05)  Very  line  pained,  almost  eompiet,  purplish  hornfols. 
Minute  scales  of  biotite  and  some  larg<'r  crysUils  of  white  mica 
in  a  colourless  mosaic,  largely,  if  not  entirely  composed  of  quartz. 
Biotite-homfels."  The  zone  of  alteration  round  tnese  porphyrite 
intmsions  is  narrow,  and  little  trace  of  the  alteration  can  he 
detected  in  hand-specimens  t<iken  at  a  distance  of  a  hundred 
yards  froin  the  igneous  rock;  the  specimens  examined  micro- 
scopi(%illy  were  all  taken  from  within  100  I'eet  of  the  porphyrite, 
some  from  the  actual  jimctiou. 


Perthshire  and  Stirlingshire. 

District  In  continuation  of  his  previous  survey  in  thesecouiUies  for 

?t3SmS^  the  conq)letion  of  Sheet  38  of  the  one-iiH;li  map  of  Scotland, 
Loch  Alii.  Ci  NMNGHAM-CiiAiG  has  mapped  the  "  Green-beds  "  in  the 

LoiuoncU  neighbourhood  of  Brig  o'  Tuirc,  and  from  that  grotmd  south- 
n^tjlm^"     ^^^'^^  ^^'^^^^  reaching  through  Loch  Katrine  and  Loch  Chon 

nwjg )  into  Kowardennan  on  the  eastern  shore  of  Loch  Lomond.  As 
slated  in  last  Summun/  of  Pro<jress,  the  ma])ping  of  these 
epidotic  ,q"rits,  by  attbrdinn'  a  reliable  horizon,  has  suHiccd  to 
explain  the  nature  of  the  foldinir.  and  to  make  clear  many  points 
in  the  structure  of  the  district,  which  could  not  previously  liave 
been  detected. 

North  of  Brief  o*  Tuirc  in  Glen  nam  Meann  and  Glen  Finglas 
the  "Green  bcas"  are  foimd  in  simple  outcrops  resting  upon  the 
coarse  peb1)ly  *^rits  of  Ben  Ledi,  and  dipping  beneath  the 
massive  grits  and  St  hists,  which  at  a  higher  level  eontjun  the 
main  intrusion  ol  (  nidiorite.  Nearer  to  the  mouth  of  Glen 
Fiu'^las,  what  might  oc  described  as  "corrugated  outliers"  of  the 
epidotic  j^rits,  are  seen  upon  the  hill-tops.  In  these  outliers  the 
folding  IS  distinctly  shown ;  the  plication,  though  it  uiay  be 
descrili(  d  as  isoclmal,  is  in  no  sense  comparable  to  the  deep 
isoclinal  folding  of  the  central  Highlands,  the  hmbs  of  the  foldi> 
being  nowhere  of  any  depth.  Thtis,  in  these  outliers,  the  actujil 
ibkling  lias  no  appreciable  effect  upon  the  forrn  of  the  outlier. 

As  the.se  rocks  are  h)llowed  south-westward,  tbey  appear  on 
the  high  ground  of  Beinn  Aan  in  shallow  synclinal  folds  which 
ra[)idly  become  dee^r,  till  on  the  shores  of  Loch  Katrine  the 
rocks  are  **  packed  "  mto  a  vertical  isocline.  The  folding  in  this 
part  determines  the  ibrm  of  each  outcrop.   It  is  oteervable, 
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however,  tliat  the  {'(Ads  arc,  Jis  a  rule,  sli.illow  and  nndulalinu  Di->tnct 
upon  the  hill-tops,  while  in  the  lower  «^'round  the  "  linihs  "  of  the  H^xJJrc 
folds  become  lon^^er,  so  that  the  pitch  of  the  folding — I.e.,  the  ^ouh 
actual  dip  of  the  folded  faeds-^is  often  difficult  to  aistinpiish.  Lumond. 
This  structure  is  again  complicated  by  a  cleavage  observaijle  m  ^^^J'^^' 
the  finc-OTaine<l  and  more  homogeneous  beds,  Imt  which        q^^  j 
not  greatly  atfe -t  tho  coarser  grits.    In  tho  vertical  limbs  oi 
folds,  this  ck'-ivuge  Cuiiu  idt^s  with  the  IxjddiiiLT.  but  where  tho 
folding  is  shaiiower,  the  bedding  crosses  the  cleavage  obliijuely, 
and  the  former  stnictiue  is  freauently .almost  obliterated,  so  that 
a  fiftlse  appearance  of  isoclinal  lolding  is  «nven. 

Observations  of  tn<;  "  pitch  of  tho  fuding"  have  been  made 
where  possible,  and  from  these  it  appears  that  the  pitch 
undulates  considerabl}' ;  tliis  has  a  marked  etfect  upon  the  out- 
crops ottlie  "Gre<Mi  beds"  het  wen  Loch  Katrine  and  Loch  Lomond. 
The  elVects  of  the  rolling  *  pitch  "  arc  espcclilly  well  sticu  about 
Loch  Chou,  the  axes  of  tho  folds  sK>ping  towards  the  loch  from 
both  north-east  and  south-west,  so  tluit  four  or  five  synclinal 
outcrops  appear  on  the  shoi«s  of  the  loch,  while  the  folds  pinch 
out  towaras  the  hill-tops,  and  an  outlier  on  the  watershed  is 
sometimes  the  only  representjitivc  of  a  ]mrticular  outcrop. 

The  ett'ect  of  the  isoHinnl  foldiiiLf  is  lo  repeat  the  outcrop  of 
the  "  Green  be<ls  si"V«n  Linn's  on  the  sunt  hern  shore  of  Loch 
Katrine.  The  comixnmd  synclinal  folds  in  which  these  outcrops 
lie  may  be  rcganleu  as  tho  westward  extension  of  tho  trough 
which  has  been  mappcnl  from  Balquhidder  and  Strathyrc.  Each 
outcrop  is  essentially  a  folded  syncline.  On  the  south-east  side, 
the  great  trough  is  flankcKl  by  an  anticlinal  axis  of  the  coarse 
pebbly  grits  of  Ben  Ledi,  packed  together  in  a  vertical  isocline, 
that  seems  to  have  acted  dnring  the  folding  moveuRnt  as  a  line 
of  resistance,  against  which  tho  folding  of  the  less  ma.s«ive  beds 
took  place.  The  pebbly  grits  make  weir  appearance  here  and 
there  in  minor  anticlines  between  the  outcrops  of  the  "  Green 
beds/'  and  their  occurrence  in  this  manner  is  confirmatory 
evidence  of  the  fact  that  in  this  area  there  is  only  one  series  of 
epidotic  grits,  winch  is  cfTntiminlly  repeated  by  folding.  Tho 
small  thickness  uf  the  rocks,  relative  to  the  ami  of  ground  which 
the\'  cover,  is  also  strikingly  shown. 

To  the  north-west  of  tho  trough  containing  the  "  Green  beds/* 
the  folding  I)ocomcs  shallow  and  irregular,  the  bods  beins^  rather 
"  puckerea  "  than  folded,  and  the  metomorphism  is  of  a  (htferent 
type.  Shearing  has  had  greater  effect,  and  tho  gritty  beds  anpear 
cnieHy  as  luicuccous  scliists,  with  less  tmcc  of  their  (Mastic 
«'V!<_rin.  This  niay  he  partly  due  to  an  ori'jinal  ditterencc  in 
iiliiulogical  chai.icler,  the  n»arser  grits  attaining  their  ma.xiii'um 
development  to  the  south-east  of  the  ti'ough,  and  the  sediment 
becominf^  finer  in  grain  to  tho  north-west.  But  the  chief 
determinmg  reiuson  is,  doubtless,  the  change  in  the  chaiacter  of 
the  folding,  which  has  led  to  a  different  degree  of  dynamic 
metamorphism.  TNHiere  the  folding  is  .shallow  and  irrcL''ular, 
ditt'erential  movement  under  horizontal  stress  may  be  expected 
to  take  place  more  easily,  and  the  greater  dynamic  mctamor- 
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District  pVii*<m  wmild  result  in  the  tot^il  or  jmrtiMl  nVililcrjttion  ot'oricrinal 
^^T?^  ^^jj^  struclin  i'S.  Tlieso  phenomena  hold  *i;(Hn\  as  far  a,s  the  giwit 
Loch  trough  can      tbllo wed.    Tracing  it  into  Stirhngshire,  the  trough 

Lomond.  is  seen  to  bo  atlecte<l  by  fciults,  and  to  become  Miallowor  towams 
nimthajl"  south-west ;  the  outcroiifi  of  "  Green  beds"  become  fewer  in 

Cn!%.)  ^  nnnd)er,  and  the  folding  less  regular  and  less  deep,  till,  near 
Kowardcnnan,  at  a  distance  of  about  n  mile  from  Loch  Lomottd, 
a  fault  cuts  of!  the  "nroen  beds"  entirely,  the  upthrow  being  on 
the  western  side  ot  the  dislocation. 


BnmbartonBhire. 

The  portion  ot  Duuibartr^nshirc  l»et\vccn  Loch  Lomond  and 
Loch  Long  has  been  searched  iinsucccs*^;fii]ly  lor  outliers  of  the 
"Green  beds";  it  seems  that  their  horizon  is  never  actiinlly  reachofl, 
the  grounil  boin^  occupied  by  rocks  of  a  lower  horizon  foKled 
into  shallow  and  irregular  undulations,  and  showing  no  trace  of 
the  great  synclinal  trough. 

Tfir  L  'j.'^s  Slates. — Boundary  lines  for  these  deposits  had  not 
previously  been  mapped.  In  tracing  the  outcrops,  it  was  foimd 
nocessarv  to  map  in  detail  certain  chnracterislic  bands  of  Ljrit. 
The  LTiii  ot  Meall  Garbh  in  the  Pass  of  Leny.  anrl  that  wiiieh 
makes  such  a  remarkable  feature  at  Anio  near  th(>  fod?  of  I^och 
L\d)naig^have  been  foimd  to  attbrd  admirable  liorizon-s  lor  m  ij)- 
ping.  The  data  obtained  by  the  detailed  surrey  of  these  grit 
bands  has  made  the  structure  of  the  district  clear ;  numerous 
&u1ts  have  been  detected,  and  their  effects  have  been  shown, 
while  the  somewhat  irre^dar  arrangement  of  the  rocky  islands 
near  Liiss  has  been  oxplamed  by  the  presence  of  roughly  north 
and  south  laults  concealed  by  the  lake-basin,  but  the  existence 
of  which  can  be  demonsliated. 

The  slate-bands  have  been  quarried  for  rooliug  malerial  at 
Luss  for  upwards  of  two  hundred  years,  but  the  profitable  beds 
have  now  been  exhausted  in  tin?  present  quarries.  Fresh 
openings  in  the  neighbourhood  have  foiled  to  find  workable  slate 
in  .sufficient  quantity.  Mu.  ( ■l^N'N'lxrjHAM-CHAlG's  examination 
of  the  groimd  soon  <liscloscd  the  reason  for  this  failure.  Ho 
found  that  a  north  and  south  fault  cuts  ot]'  ihi  workable  slato, 
bringing  against  it  a  mass  of  fine  and  roarso  i  lcaved  grits  with 
some  softer  slaty  beds.  The  general  similarity  of  these  gritty 
bods  to  the  true  slates  doceivod  the  ^[iiartynien,  who  contmued 
working  further  into  the  niiww  of  grits  in  the  hope  ot  winning 
workable  slate. 

Tlie  tanit,  which  splits  info  several  branches  amonLr  the 
tinor  beds,  has  iteen  traced  for  upwai'ds  of  a  mile.  It  shifts 
the  outcrop  of  the  .slatx'-hand-  ihc;  same  bantl  that  is  })cing 
worked  ai  Aberfoyle — a  quarter  of  a  mile  to  the  southwartl, 
Veins  of  auartz  and  calcite  with  some  chlorite  are  common  in 
the  neighoourhood  of  this  fault  and  its  branches,  frcijuently 
rendering  the  slate  unworkable. 
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Xnyemess-Bhixe. 

In  the  districi  of  Strath  Nairn  Mk.  Horxe  continued  the  str»th Nairn, 
uiapping  of  the  schists,  and  found  them  divisible  into  two  well-  (Mr.  Home.) 
marked  groups:  (1)  Flagg},  ouATtzose  biotite-gneiss  of  the 
Moine  type ;  and  (2)  Extremely  coarse  biotito  -  gneiss,  with 
h^hly-coiitarted  folia,  containing  ciuartzo-fclsprithi'  materials, 
arranged  in  paralk'l  folia  or  Icnticles.  Witii  the  latter  are 
associated  bands  of  pirnetiferous  liornhlendo  rock. 

In  the  district  wliidi  inrliidos  both  sides  of  the  southern  end  Soutii  end  of 
of  the  Great  Glen,  Mr.  Grant  VVii^son  continued  the  sui  vey 
described  in  lust  hwmma'nf.  He  has  now  completed  the  map-  spean  ^ 
ping  of  Glen  Loy.  The  schists  which  occufy  the  greater  part  of  DWict.  (Mr. 
that  valley  are  of  the  ordinary  Moine-schist  type  or  gneissose  ^viUon^"' 
fla^gstones  with  quartoso  bands  more  or  less  felspathic  and    *  ° 
micaceous.    Th^  liomidary  of  the  diorite,  part  of  whictli  has  I)een 
already  desci iln  fl,*  has  now  noon  traced  all  round.    The  mass, 
which  is  toiiii(i  to  occupy  an  irregular  are<i  of  al)out  five  square 
miles,  appears  to  have  been  intruded  more  or  less  along  the 
foUation-planes  of  the  flagstones,  for  its  eastern  margin  conrorms 
closely  to  the  changes  in  the  direction  of  the  foliation  of  these 
rocks.    Half  a  mile  to  the  \vest  of  Invorskavulin,  on  the  banks 
of  the  Loy,  where  a  good  contact  junction  of  this  rock  is  seen, 
the  granulitic  flapfs  next  the  diorite  are  much  baked  and 
shattered,  while  the  igneous  rock  in  dose  contact  with  tbem  has 
a  close-grained  or  chilled  edge.   A  specimen  from  this  place  is 
thus  described  by  Mr.  Teall: — 

"  i^!).J  CJoarse-^ained,  uiaaaive  rook.  Under  the  microscojie,  plagioclase 
(AudeMiuu-labradonte)  biotite  and  garne^  with  apatite  and  iron  ores  as 
aooenories.  A  diorite-rock  in  which  biotite  takes  the  plaoe  of  hombloiide  : 
ganetifeiroiia  biotitfr^iorita." 

Few  granite  dykesf  like  these  mentioned  in  last  year's  report 
seem  to  cut  that  portion  of  the  diorite  which  lies  to  the  nortn  of 

the  river  Loy. 

On  the  east  side  of  the  Great  Glen,  or  ( ilen  A]l)>  ii,  tlie  woi  k  of 
last  year  was  continnwl  by  Mr.  Grant  Wilson  up  botli  sides  of 
the  Spean  valley  iis  far  as  Roy  Bridge ;  round  the  sv  estorn  slopes 
of  Ben  Nevis  to  the  limit  of  the  driving  road  in  Glen  Nevis  and 
the  greater  part  of  the  Mamore  Forest. 

Tilt-  most  imporUmt  section  in  this  area  is  that  laid  open 
by  the  River  Spean  iV  mi  the  falls  of  Miicomir  to  the  junction  of 
the  River  Roy,  the  bed  aud  the  rocky  ravine  of  the  stream 
atibrding  an  ahnost  contiiuious  exi)u8ure  of  the  zones  of  schist 
between  the  rivers  Spean  and  Locliy  described  in  last  AS'u>/i?/ia/*^/.J 

(1.)  Sericitic  mica-schist.  At  the  falls  of  Mucomir  a  crushed 
and  contorted  green  schist,  slightly  calcareous  in  places,  with  a 
few  quartzite  bimds,  is  cut  by  several  small  epidiorite-sills.  In 


*  Sunnmary     Progret*  for  1896,  p.  42. 
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South  end  of  the  I'oad  devialion  ;iL  the  Free  Chiirch  Mnnso  opidiorite-sills 
Great  (^ien    coTniK»so  over  two-tliirds  of  the  section,  and  to  the  east  of  the 


Si>ean  Manse,  hoth  in  tlie  river  and  in  the  railway-cutting,  the  green 


consists  mainly  of  dark  grey  and  green  schists  with  thin 
bands  of  qnartzite,  and  a  lew  small  sills  of  foliated  epidiorito 
constantly  n^peated  hy  being  thrown  into  folds.  In  tiio  next 
railway  (  uiiing  further  east  thin  brown  bands  are  interlaniinated 
with  gi  i  en  and  grey  schists,  which  appear  to  have  boon  originally 
impure  limestones. 

(2.)  llio  same  narrow  belt  of  black  schist  traced  in  1898  by 
the  Bon  Xovis  Distillery  to  Auchindaull,  a  distance  of  four 
miles,  is  not  s(;on  further  to  the  north-east,  and  is  not  repre^ 
sentt^I  in  the  Spean  section. 

(H.)  Wohnv  Coneachan  dark  grey  flogi]fy  micaceous  schists  with 
quartzito  Iwiutln  succeed  the  fiericite-s<'liists  just  described.  They 
are  isoclinally  fohled  to  eii.st-suuth-wisL  at  an  average  angle  of 
50  ,  the  same  bands  being  fretiuently  rej^)eate<i.  The  epidiorite 
sills  and  d3'kcs  so  characteristic  of  the  sericite-schists  still  con- 
timio  in  this  zone,  though  less  abundantly.  About  100  yards  to 
the  north  ot  ilie  High  Bridge  and  in  the  raihvay-scri ion,  steel- 
grey  Haggy  schists  are  seen  to  iridnde  thin  zolsite-s('liist  j>artings 
a  few  indies  thick.  A  spc(  i?iion  iVom  one  of  llit'sn  bands  sub* 
mitted  to  Mr.  Teall  is  thus  reported  on  by  him : — 

"|  s.ir»0.]  Hornblende  and  garnet  in  a  white  aaccharoidal  matrix.  Under 
the  niicroscopo  tioth  hornblende  and  garnet  are  micro-poikilitic.  The  white 
matrix  is  a  graniilitic  a^£;regatc  of  ({imrtz,  felspar,  and  zoisite  :  homblendC' 
sovnte^granulite  (garnetiferoas)." 

From  this  j)(»int  to  Spean  Bridge  tlie  river  section  presents  an 
alternntiniif  scries  oi  grey  mic^icoous  flags  with  flaky  and  qnartzose 
baruls.  To  ihc  west  ot  tlie  railway  viaduct  the  eonstJUit  repeti- 
tion of  this  series  by  folding  on  a  large  scale  is  well  seen  in  the 
rocky  gorge  of  the  stream.  The  same  ^oun  of  rocks  continues 
for  a  mile  nbovo  Spean  Bridge,  either  with  tneir  foliation  planes 
on  end  or  highly  inclined  to  the  Ciist. 

From  Tirandrish  for  (iOO  yards  up  to  the  railway  viaduct  fine 
phyllitcs  i\ud  flaky  schists  alternate  with  thin  qtiartzose  bands. 
Above  the  brid«^e  a  belt,  140  yards  broad,  of  strong  pink, 
spotted  and  white  quartzite  with  micaceous  partings  makes  its 
appe}u*anca  Ita  rehitionKhi^  to  the  rocks  on  either  side  of  it, 
though  at  present  obs<  uro,  will  in  all  proliability  be  explains!  by 
the  future  map})ing  of  th<"  umiind  t(»  the  north.  This  quartzite 
is  succeoded  to  the'  ast  Hj>r  by  soft  grey  phyllites  with  calcareous 
bands;  iK  xt  bv  a  narrow  beU  of 'orruijaffHl  black  schist  with 
garnets,  IoHowmI  by  a  strip  (7'>  yarils  bruad)  of  blue  crystallme 
hmestone,  with  a  few  partmgs  ot"  black  schist  and  phyllite. 

To^  the  cast  of  this  limestone,  phyllites  and  black  schist, 
identical  in  every  respect  with  those  on  its  west  side,  are  repeated 
by  numerous  folds  to  within  280  yards  of  the  Cour  water  when 
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solid  CToy  and  slaty  limestone  with  actinolite  extends  lor  a  south  end  of 
bread ui  of  106  yards.   This  belt  of  limestone  is  succeeded  byOrtatOlen 
calcareotis  phyllitos  which  can  be  traced  to  about  150  yards  g*^^^^ 
beyond  the  mouth  of  the  Conr  water.  DwSct.  (Mr. 

The  general  strike  of  the  foliation  of  tlio  whole  of  this  ('tmt  ' 
ailcareous  series  is  nortli-east  nnd  south-west,  and  the  planes  aro  ^^^"•) 
either  vertical  or  else  inclined  to  the  south-east  at  a  lii^di  angle. 
Tlie  detailed  mappinij;  clearlv  proves  that  the  sainu  liinestofio 
baud,  with  black  schLiL  on  either  side  of  it,  is  twice  repeated,  and 
that  between  these  belts  of  limestone,  and  on  their  east  and  west 
sides,  a  series  of  similar  grey  phyllites  and  schist  with 
calcareous  Viands,  evidently  indicates  a  repetition  of  the  same 
zone.  This  calcareous  series  comprises  the  (4)  limestone  and 
(5)  V)l2iek  schist  /ones,  already  described  as  extending  from 
Lismore  to  Glen  Nevis.* 

The  calcareous  series  is  Inst  seen  at  the  tout  oi"  the  Cour  water! 
thence  to  the  Kiver  iiuy  it  is  succeeded  by  silvery -grey  phyllites 
and  mica-schists,  often  gametiferous.  A  specimen  from  Achna- 
firaschoUle,  microscopically  examined  by  Mb.  Teall,  is  described 
by  him  is  as  follows : — 

"18500.]  Both  biotite  and  garnet  are  micro-poikilitic.  The  furmer  occurs 
in  large  im^lar  platea,  which  are  not  arratigud  iiorallel  with  the 
schistosity.  The  matrix  is  cc>rii)H>sc(i  of  quartz  and  white  mica  with  small 
grains  and  crystal  of  iron-ore— garoet-biotite-phyllito." 

These  schists,  although  lighter  in  colour,  appear  to  be  the 
representatives  of  the  (2)  dark-t^rcy,  flaggy  mica-schists  on  the 
west  side  of  the  limestone  and  mack  schist.    This  identification 

is  confirmed  by  the  interlamination,  both  at  Croft  Ninner  on 
the  Spean  and  at  Auchaderry  on  tlic  Ko\ ,  of  bands  of  zoisite- 
schist  similar  in  every  respect  to  those  already  described  as 
occurring  near  the  High  Bridge.  In  close  proximity  to  the 
zoisito-schist  in  the  River  Loy  scTeral  belts  of  grey  phyllito 
appear,  which  contain  large  feathery  crystals  oi  hornblende, 
occasionally  seven  inches  long,  and  covered  with  crystals  of  a 
pcdo  rose-pmk  garnet  not  yet  determined. 

A  lai*ge  nnmoer  of  broad  dykes  traverse  the  calcareous  scries 
in  the  Spean  section.  Some  of  these  exceed  20  feet  in  width 
and  all  have  tine-^'raine<l  chiiletl  ed^'es.  ^f  r.  Teafj.  has  examined 
several  of  these,  and  tinds  that  they  belong  to  the  lampropliyre 
Kroup,  and  may  be  described  as  dioritic  lamprophyres.  On 
both  sides  of  the  Spean  limestone,  similar  dykes  cut  the  mica- 
schists  of  Glen  Roy  and  Glen  Spean,  with  a  general  trend  of 
E.  30  — 40^  N.  On  the  west  side  of  Glen  Nevis  a  similar  group 
of  dykas  traverses  the  same  series  of  strata  (black  schist  and 
lun* -  t  one)  on  Bidean  Bad  na  h'  lolairef  to  the  south-east  of 
Foil  \\  iHiam. 

In  the  burn  section  betj^veon  Lochan  Meall  ant'  Suidlie  and 
the  river  Lochay  the  Bon  NovLh  granite  is  cut  by  a  few  aplito 

*  Sunmaty  <^  Pi'otfrf9»  for  1B9B^  p.  49^ 
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South  oad  of  ami  hunpropliyro  dvkos.  fn  (  J Ion  Nuvis  aiul  aroiuid  Poll  Dubb 
anlH*S!r''  the  biolilo-sL-liist,  whictli  lies  to  tho  south  of  Hen  Novis,  ia 
Spean         intersected       numerous  bimproj>li>  le  dykes.    Further  north 


l£iMe|b.  (Mr.  the  binary  gramte  of  MuUach  )fan  Coirean  is  cut  by  a  series  of 
wu   '       similar  dykes.   Their  direction  is  the  same  as  that  of  those  by  the 
liiotite-schist,  and  many  Averc  observed  to  have  chilled  edees.  A 


spceinien  of  one  of  ihcm  irom  the  Choire  Deiig  is  thus  described 
by  Mu.  Teall  : — 

"[8488.]  Under  the  micro8cope  it  sIiow.h  |iiisniatic  hornblende  in  a 
matrix  of  plagiodaae  more  or  less  lath-shaped.— Camptomte." 

lliis  i^ranitc  area  is  also  intersected  by  st  veral  coarser  dykes, 
wlii(;h  in  all  probal>ility  are  elosely  allied  to  the  camptonites.  A 
specimen  of  one  of  these  from  tlie  falls  jit  Poll  Dubn, submitted 
to  Mtt.  Teall,  is  thus  described  by  him: — 

"r8."(;3.]  Me  liuiii  t^>  flnc-giuiued  pinkish  rock  coutainiiig  lionil  l  nde. 
Under  the  niicro.sc<)|x;  hornlilende,  biotite  (mostly  altered  to  chlorite)  in  a 
matrix  mainly  couipased  of  idiomorphic  plagioclase ;  a  little  interstitial 
qoarts— Lamprophyre. 

On  the  Moor  of  Hannoch,  where  a  small  tract  has  been 
mapped  by  Mr.  Wilson,  between  the  h^  of  the  TuUa  Water 
an(I  the  Biver  Ghoir,  a  tine-Lrrained  biotite-granitc  has  been 
found  in  place  betweiMi  Loch  Liiidon  and  the  viaduct  of  the 
West  Highland  Ibiilway.  'iV.iced  to  tho  south  ov(»r  the  moor, 
this  roek  becomes  more  homblendie  and  less  micaceous  till 
uboiu  liair  a  mile  from  its  edge  it  becomes  a  typical  diorite. 
Sevenil  largo  lumpropbyrc  dykes  cut  both  the  granite  and  diorito 
while  tho  surrounduig  tiagstoues  are  intersoctod  by  diorite  dykes. 


ArgyUshire. 

District  During  the  2>ast  yo^ir  Mu.  HEKiiEiiT  Kyxaskjx  continued  the 

tietween  Loch  mapping  of  the  DahvidiiUi  schists  in  the  neighbourhood  of 
BiMk*^****  Daunally  and  Inveraray.   From  Dalmallv  the  work,  begim  some 
Mount.  (Mr.  years  ago  by  Mr.  J,  B.  Hill,  was  carried  on  up  to  the  eastern 
Kyniwtoii.)  '  inargin  of  Sheet  45  (one  inch),  and  the  boundary  lines  of  the 
ditVon^nt  series  were  joined  up  with  their  corresponding  lines 
along  the  western  margin  of  Slicet  40.    In  a  northerly  direction 
the  work  was  pushed  forward  to  the  high  ground  at  tne  bead  of 
Glen  Strae,  whence  it  wju>  carried  on  duruig  July  to  tho  north- 
ea.st  comer  of  Sheet  45  from  Clais-fi;obliair  in  the  Black  Mount 
<lccr-foreftt.    To  tho  south  of  Dtutually  the  mapping  was  con- 
tinued from  Inveraray  diu'ing  September  and  (Jctooer  in  the 
area  drained  by  (i Ion  Sbira,    The  following  notes  of  his  field- 
work  have  been  fiinnsbed  by  Mr.  Kynastox  : — 

The  sediments  iitMpfVMl  consist  of  part  of  the  piniet -seliists, 
tb<'  Anlrisbaig  series,  or  calc-sericites,  ami  the  blaek  slates,  lime- 
stones, grits,  and  quartzites  of  the  Loch  Awe  series.  On  the  va&i 
side  of  ulen  Shira  a  considemblo  tract  is  occupied  by  the  calc- 
.scricite  scries,  which  towards  Ben  Bliui<lhe  are  thrown  into 
numerous  small  folds  and  plications  with  accompanying  litho- 
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logical!  ('li.inp^e*?.    The  beds  l>ecoino  iiardcr  and  sbind  out  in  l)f>ld  District 
cra<?s  and  ridges,  while  on  the  main  ridge  of  Ben  Bhuidhe  itself  -p^^J^JjJ^^ 
the  roek  lias  evidently  been  converted  into  a  true  honifels.  Two  uiaok 
or  three  small  patches  of  granite  appear  on  the  Ben  Bltuidhe  Moanu  (Mr. 
range,  resembling  the  finer-grained  type  of  Glen  Fyne ;  but  the  Kyiw»t«n.) 
visible  exposures  of  granitic  rock  seem  too  small  to  have  caused 
the  amount  of  alteration  observed  in  the  si  i  i  n  umding  sediments. 
Since,  however,  this  alt^  rntinn  is  of  a  local  ( luiractc  r,  niid  identiad 
with  the  cont;i(  t-tvpc  ot'  liomfels-alteration  in   other  areas,  it 
would  appear  to  Ix)  duu  in  great  part  to  a  larger  extension 
beneath  the  surlace  of  the  lien  Bhmtlhe  granite.    It  ia  possible 
that  a  considerable  mass  of  granite  may  exist  here,  only  small 
portions  of  which  have  as  yet  l)een  tappiMl. 

To  the  north  of  Glen  Slnra,  in  thr  neighbourhood  of  Jk»n 
Bhreac,  Ben  Bhoifllic  ich,  and  Ben  Bhalgairean,  the  calosericito 

froup  has  a  fairly  iniiforni  litlioloi^ical  cbaracler,  consist iiiir  of 
ard,  often  intensely  puckered.  vciiisli  md  grey  phylliu-.s,  in 
which  occiisionally  calcareous  an<l  ipaui/ose  zones  may  be 
observed.  These  Xrdrishaig  schists  have  here  a  decidedly  more 
metamorphosed  apnearance  fof  the  regional  type)  than  further 
west.  This  fact  ana  all  Mr.  Kynaston's  observations  during  the 
course  of  the  mapping  fully  confirm  Mr.  Hill's  view  on  the 
progressive  metnmorpliism  of  these  sediments.*  From  this  area 
the  Ardrishaig  schists  can  be  traced  in  a  highly  altere<l  stjite  to 
the  west  of  Meall  nan  Tighearn,  whence  they  cnne  roimd  into 
Sheet  40  along  the  northern  Hanks  of  Jitni  Laoi«rh.  Typical 
calc-sericites — ^greyish  and  groonish  sericitic  ptiyllitcs"  with 
numerous  calcareouft  zones — are  found  at  Ciochan  Ben  Laoigh, 
where  they  form  a  fine  feature,  and  in  the  crags  of  Fireach  na 
Moinc. 

To  tlie  east  of  the  ealc-scripitos  conio  the  piniet-.schists.  As  the 
latter  are  entfired  the  eale-sericites  l)C('onie  Lfmdnally  less  eid- 
eareous  a.s  well  as  mure  sili(;eous  and  liinhly  mi(;aeooiis,  until 
they  are  succeeded  by  ma.s4»ive  and  Haggy  (piartzose  nuca-schists, 
thickly  studded  with  garnets. 

On  the  west  side  of  Glen  Shtra  the  boun<kry-]ine  between  the 
calc-sericites  and  the  Ijoch  Awe  series  was  followed  in  a  general 
north-north-oast  direction  as  far  as  Bealach  nan  Cabrach,  whence 
it  turns  westward  and  was  traced  to  the  shore  of  Lo(;h  Awe  eloso 
to  Inistrj'nich.  The  Loeh  Awe  series  between  Glen  Sliira  and 
Loch  Awe  mainUiins  similar  features  to  those  described  in  lormer 
Reports.  The  black  schists  (belongin*'  to  this  series)  were  again 
met  with  east  of  Dalmally  and  were  followed  as  a  comparatively 
narrow  zone  alons^  the  south  side  of  Glen  Lochy  to  the  margin  ot* 
Sheet  4r>,  In  this  more  altered  area  they  have  the  appearance 
of  black  phyllites  with  micaceous  partmgs  and  often  with 
quartzose  bands.    Tliey  are  also  frerpieiuh'  'jfanietirorous. 

Tn  the  north  of  the  Strath  <A  Urcliy  and  Glen  Loeliy  the  Id  aek 
schists  and  limestones  becouiu  restricted  to  insignificant  zones 
until  they  gradually  die  out  altogether,  and  a  large  area  is  theix 

*  QunrL  Jtmm.  Ge*»l,  Stfc,^  vol.  Iv.  (1899),  l>-  470, 
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Disiriot        occupied  l)y  (jimrlz«>s<»  S7•l^ivt^  and  qnart/ites.     The  e\n(l(Micc  of 
l^^^^'^  mcrciiscd   rc<^ional  nicUtinorphisin  is  here  again  striking  and 
iilack         apparently  conies  iu somewhat  suddenly.  In  fact,  a  considerably 
Mount.  (Mr.  greater  degree  of  tnetitinorphistu  is  observed  in  tracing  the 
Kjn«i*toiL)   injcks  for  four  miles  from  Datmally  in  a  north-easterly  direction 
than  in  the  course  of  the  succeeaing  ten  miles  along  the  stime 
line.    Tlie  increase  in  this  direction  after  the  tirst  loiiv  or  five 
miles  is  com[mrative]y  sHi^dit  as  far  as  observations  have  vrt 
gone.    Near  the  soiiiln  m  Uoundarv  of  the  qnartzose  series 
rocks  which  .appear  (piite  gritty,  and  in  which  the  individual 
grains  can  be  easily  distinguished  by  the  naked  eye,  may  be 
nequonthr  observed,  but  further  to  "the  north-east  the  gritty 
nature  of  the  rocks  becomes  gradually  obliterated,  the  schistose 
structure  grows  more  and  more  marked,  until  a  ^nartzose  sdiist 
is  rendu  (1.  Avhich  is  often  fla«_rgy  and  maintams  a  imiform 
cliarncior  over  a  hv^^e  area,  and  in  which  the  original  clastic 
structure  is  almost,  if  not  coniijleti'l v,  lost. 

Well  within  the  altered  area  liighl\  luiciiceous  schists,  often 
with  both  black  and  white  micas  and  frequently  gamedferous, 
are  not  uncommon.  Thus,  gametiferous  mica-schists  are  well 
developed  in  (^K  n  Orchy  at  Catinnis  Bridge,  and  they  again 
form  a  s(i*ong  ban<l  near  Clais-gobhair  in  the  Black  Mount,  and 
arc  well  seen  on  tin*  south-eastern  slojw's  oi'  Hen  Sroine. 
Lithologically  they  ollcn  bear  a  stroni^^  rcsendilaneo  to  the 
garnet-schists  below  the  ( 'alc-scricite  group  about  Ben  Laoigh 
and  in  the  Glen  Fyne  area,  but  here  they  occur  well  witliin 
the  quartztte  area  and  are  succeeded  both  above  and  below  by 
quartzites  and  ( juartzose  schists.  The  following  section,  observed 
near  Clais-gobhair,  may  help  to  illustrate  the  relations  of  these 
gametiferous  schists.  In  apparently  ascending  order  the  sub-, 
oivisions  arc : — 

(X.)  The  quartzites  and  quarlzose  schists,  in  the  innnodiato 
neigIilK>urliood   of  Clais-gobhair.     Then,  in  a  bum 
secti(jn  of  rather  more  than  a  mile  in  kngth, 
(2.)  A  green  homblendic  schist  or  gneiss,  the  nature  of  which 

IS  at  present  doubtiuL 
(3.)  Dark  grey  biotite-irn'  i^s,  tin-  biotite  often  developed  in 
elongated  leaf-shaped  patches,  irrcgnlnrlv  distnbTitcd 
on  tlie  foliation  planes,  passing  into  a  .sclii.st  with  two 
micas.oftongnt'issitsu.aud  willisomu  small  ]>cginatitc  veins. 
(4.)  Garnelilcrous  mic^i-schist,  with  two  mica.s,  ^ainets 
numerous. 

(6.)  Pale  grey  flaggy  quartzites, — a  narrow  aona 
•  (6.)  Silvery  grey  mica-scliists,  with  two  micius,  only  occasion- 
ally with  small  garnets.  These  rocks  become  very 
quartzose,  and  show,  also,  eyes  and  bands  of  quartzoso 
material,  whicli  does  not  apparently  represent 
extravasated  quartz,  but  rather  puckered  and  drawn 
out  bands  of  rccrystailised  coarse  grit.  These  rocks 
are  again  well  seen  about  the  east  erul  of  Loch  Dochart 
Near  the  top  of  this  zone  fine  quartzite  bands  become 
more  frequent  and  pass  into 
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(7.)  The  series  of  Haggy  quarlziies  and  qiiartisose  schists,  DUtdet 

which  spread  over  a  iaru[c  area.  betwcH^n  i.o(  h 

*^  ^  i«yneaQd  the 

BuMik 

Tho  green  lioriil>lcii«ii«  >r1i!st  (2)  is  a  iMfili  ii- luek,  n-u' '.nlin^jf 'STonnt.  (Mr. 
the  nature  of  wliieh  a  (1<  tini'v'  opinion  <  nmot  at  prc^t  iil  be  Kynoaton.) 
pvcn.  Partis  of  it  recall  the  epidiorite  sills,  .-.u  numerous  in  tho 
Lucli  Awe  ai'cu,  but  it  does  not  seem  to  behave  lilce  one  of  these 
in  the  field.  It  appears  to  consist  of  a  complex  containing 
homhlendic,  epidotic,  and  pyroxenic  gneisses,  soniotuucs  with 
sphene,  while  some  portions  are  calcareous.  Mr.  Grant 
Wilson,  who  niappetl  :i  jiortion  of  this  sehist,  eonipared  it  to 
the  seapolite  irnciss.  tlioiijli  it  does  iutt  <"nntain  sr-npolito. 
Both  thi«  riM-k  nud  iIk-  sit(jcccdin«c  biotitc-j^iieiss  f!V(iu('iilly 
contain  small  pcgmulile  voiiis.  The  hiotite-i^neiss  is  s»  rii  under 
the  luieroscope  [slide  Xo.  8018]  to  be  line-grained  in  texture, 
and  to-  consist  mainly  of  biotite  and  quartz,  with  a  small  pro- 
portion of  felspar,  and  occasionally  eyas  of  granular  quartz  and 
small  garnets.  The  garnet-sehist  [8(U9]  is  considerably  coarser, 
but  intensely  puckered  and  well  foliated.  It  is  very  quartzoso 
and  contains  both  white  and  brown  miwis,  tho  former  being 
slightly  in  excess,  and  a  certain  amount  of  felsimr.  The  i^arnets 
have  been  broken  up  and  show  but  little  of  their  origiiml  suh- 
r»tance,  being  now  mainly  represented  by  chloritic  alteration 
products,  biotite  flakes^  and  granular  quartz. 

Almost  tliroughout  the  whole  area  of  the  quartzite  series 
surveyed,  from  the  Strath  of  Orchy  to  the  Black  Mount,  small  ■ 
])egniatite  veins  [are  fairly  common.  On  both  sides  ot'  (lion 
Strac  and  in  tlic  tract  ^^ctwcfii  that  glen  and  Glen  Orchy  they 
are  numerous  in  the  q»iart.zo.s»^  s*diisis,  esnecially  noticeable  in  the 
neighbourhoo<]  of  faidts.  They  occiu*  eniefiy  as  small  veins  and 
strings  of  coarse  red  folspiir,  usually  associated  with  quiirtz, 
along  the  joint  planes  and  other  lines  of  weakness  in  the  schists. 
Some  veins  consist  mainly  of  quartz.  Besides  these  veins, 
isolated  pockets  and  grams  of  felspathic  material,  already 
noticed  by  Mk.  Hill,*  are  well  seen  on  the  west  sid*'  of  Glen 
Strap,  grams  and  patches  of  red  felspar  frequently  occurring  to 
such  an  extent  as  to  give  the  rucks  as  a  whole  a  reddish  appear- 
ance. This  Mr.  Hill  has  attributed  to  the  presence  of  tho 
Ben  Cruachan  Granite;  that  is  to  8ay\  either  the  felspathic 
poatmtl  has  been  derived  from  the  granite,  or  it  represents  an 


original  constituent  of  the  quartz-schist  recrysUilUsed  owing  to 
direct  contact-action.  There  Ciin  be  no  doubt  that  •  irranitisa- 
tion  "  of  this  kind  has  taken  plaeo  in  many  parts  of  the  High- 
lands. In  tlui  rc!j:ion  around  Ben  < 'riiaciian,  howcvci-,  S\\i 
Kvnaston's  work  in  tlie  field  and  wiili  ilie  microscope  has  led 
hiui  to  doubt  whether  the  evidence  might  not  be  better 
explained  in  another  way.  As  a  general  rule,  as  far  as  his 
ez|)erience  of  the  Cruachan  granite  has  gone,  secondary  felspar, 
which  can  be  shown  to  bo  due  to  the  direct  contact-action  of  the 
igneous  mass,  is  only  found  in  the  immediate  neighbourhood  of  the 


*  Op,  eitt  PP>  4S6t  486. 
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D'lHirict       actual  contact,  ie.,  in  the  inner  zone  of  homfels  alteration  and 

het  w  - on  Loch  such  secondary  felspar  will  nsually  pivsent  a  Ires] i  a[)pe4irance 
lil^^  under  the  microscope.    The  facr      tin-  (jnartzites  havini;  a 

Mount.  iMr.  reddish  colour,  due  to  the  disseiuihalfd  ft')v]>arhi<r  j^mius,  cannot 
Kynaston.)  |,e  taken  as  any  j^aiide  to  tlie  <«ri<j:in  ot  siu-h  felspar.  The 
majority  of  these  t^uartzites  and  (j^uartijoso  sclii.^t^,  thioiu^hoiit  the 
ground  surveyed,  arc  rich  in  original  felspar  pfrains.  Tnoy  were 
at  first  finc-gniined  qiiart2-fels|>,ir  i^rils,  and  they  have  frequently 
been  observ«  (l  to  assume  a  rtddisli  colour,  duo  presumably  to 
the  weathering  of  the  eontiui  .  '  iM  par,  at  distances  from  the 
^jfranito  veiT  uuu'h  'jrcuttr  than  (tIcu  Slrr.c.  arn!  osporially  in  the 
uei«'hhuui'h*)i)il  (•['  [auhs  or  linrs  fit'  '-rush,  wiiere  the  rocks  are 
much  shalti'i ud  jtud  dcomjiohcil.  Ou  tiic  other  han<l,  grey 
•  puirtzoso  schists,  conUiuiinij  abundant  clastic  fclsj)ar,  may  often 
lie  observed  close  against  the  margin  of  the  granite,  without  any 
acoompanvin<^  change  of  colour.  Again,  isolated  grains  or 
crystals  of  felspar,  similar  to  those  seen  on  the  west  side  of  Glen 
Strao,  may  lie  observ^ed,  up  to  quarter  of  an  inch  in  (Uanieter,  in 
the  fpiartzo.se-schists  of  Hen  J)onachan,  three  miles  and  a-half 
from  flie  ncjirest  exposure  of  granite,  wlnle  veins  and  pockets  of 
red  felspar,  up  to  three  or  four  inches  in  lacailth,  are  conunon  in 
Glen  Orchy  in  the  neigh Ixjurhood  of  Catuinis,  more  than  live 
miles  from  the  granite.  These  felspar  grains  have  always  a 
very  turbid  appearance  under  the  microscope,  and  are  usually 
corroded,  und  often  brok'  ii.aia}  they  arc  not  restricted,  as  wo 
have  seen,  to  the  zone  of  hornfels  around  the  granite,  Init  mav  be 
found  several  milos  away  from  it.  (t  is  not  always  easy  to  draw 
the  line  Itet  wccti  veins,  pockets,  suiall  patches,  and  apparently 
isolated  grains  of  fclspjithic  material.  A  similar  redtlisn  coloiur 
might  easily  prevail  in  both  secondary  and  original  felspar ;  but 
there  is  no  doubt  that  the  rocks  hero  considered  are  highly 
felspathic  quartz-schists,  which  contain  a  large  proportion  of 
unq^Liestiooably  original  fclspir,  and  these  schists  are  traversed 
by  tels[){ithie  veins,  and  structures  of  a  similar  nature.  These 
structures  ( annot  be  rci'crred  to  dinM^t  contact-action,  nor  can 
they  havu  Ijcen  injected  from  the  jj^ranite.  Acconling  to 
Mr.  Kynaston,  they  belong  to  the  sitme  set  of  uhenomenii  as 
ordinary  quartz-veins,  which  form  a  common  leature  in  the 
district.  Veins  and  pockets  precisely  similar  to  those  in  the 
quartzose  schists  are  found  in  the  granite  itself,  especially  in 
tne  coarse  Black  Mount  type.  From  these  considerations, 
Mu.  Kyn ASTON  would  rcf(  r  this  \  .  in  ft-lspar  and  the  occurrence 
of  secondary  felspar  of  a  similar  nature,  thoui^di  not  necessarily 
in  the  form  ofa  true  vein,  not  to  the  presence  of  the  .cn-anite.  but  to 
the  same  causes  which  give  rise  to  the  normal  quarU  and 
pegmatite  veins,  so  common  in  igneous  rocks  and  highly 
iiietamorphic  regions^  such  as  we  are  deahng  vrith.  Isolatea 
retldish  grains  he  would  rc^rd  as  original  clastic  material 
That  these  sliould  have  escaped  obliteration  from  the  forces 
which  produced  the  schistosity  of  the  rocks,  is  not,  perhaps,  so 
surprisnii^  in  view  of  the  resisting  nature  of  the  rock,  and  the 
ikct  that  the  porpiiyritic  felspars  of  the  epidioritc-sills  ai'c 
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l'i^(jiiently  well  preserved  even  in  au  ami  of  garnctiferous  District 
mica-sch&ts.  ^  F^*®^'dth'' 

The  sills  oi  epidioritos  and  homblendic  schist  are  already  well  sit^k"^  ^ 
known  from  prf^vious  Reports,  and  thoso  ni;ippcd  during  the  past  Mount.  (Mr. 
year  do  not  vixW  for  any  s|K'(  irtl  noticr.    It  may  be  remarKed,  ^J"****"-) 
nowovrr.  that  as  the  mappin*^  advances  into  the  more  highly 
metani')rphoso<l  area,  to  the  nortli  fuvl  va'^*  of  Dalmally,  sills, 
which  would  be  dcsijjfnated  cpidioriLcs  and   chloritic  schists 
further  to  the  south,  have  now  become  rccrystallised,  and  are  true 
hornblende-schists  and  homblende-gnclssos,  in  which  the  horn- 
blende is  usually  dark  and  fresh,  and  1i  >tite  is  frequently 
present^  with  occasional  garnets.   Porphyritic  telspars  are  often 
well  preserved  and  conspicuous,  as  in  some  of  the  sills  on  the 
Glen  Lochy  side  of  Ben  Sr^tino.    WIkto  sills  are  large  they 
sometimes  vary  from  a  Imf-uraincil    hornblende  irnciss  to  a 
fairly  coarse  hornblciide-ruck  showing  scjircely  any  traces  of 
foliation.    These  sills,  however,  are  not  nearly  so  eouiniou  in  the 
move  altered  area  as  in  the  district  about  Locn  Awe. 


Intrusive  Kocks  later  than  the  Foliation  of  the 

Argyllshire  Schlsth. 

Various  larire  masses  of  ^^qaiiitc  and  iimuni*  ruljle  sills  and 
dyktiii  of  Ijasie  as  well  as  acid  material  have  invaded  I  la;  schists 
of  the  sonth-westom  Highlands  since  the  time  of  the  produetiou 
of  the  foliation  The  question  of  the  age  of  these  intrusions  is 
one  of  ^nsiderahlc  difficulty.  Tliey  not  improUddy  belong  to 
different  periods  of  hypogene  activity.  Some  of  them  no  doubt 
belong  to  tlie  time  of  gi'cat  volcanic  aefivity  whim  the  lavas  of 
the  Lo^vt  r  Olil  Ued  Sandstone  of  Lnrnc  were  poui^ed  forth.  In 
tha  Su  III  iiKinj  of  Pri/gt'e''i8  for  1897  aiul  also  in  that  for  lKf)8 
reaiions  were  given  to  show  that  the  granite  of  l>en  Cruaehan 
not  impossibhr  belonged  to  that  volcanic  period  No  new 
evidence  has  been  met  with  to  impugn  or  to  confirm  this  sug- 
gestion. On  the  present  occasion  it  will  be  more  convenient  to 
discuss  the  occm-rence  of  these  eruptive  rocks  apart  from  the 
consideration  of  their  geological  date.  Tliey  have  recently  been 
studied  afresh  both  by  Mn.  Hili.  and  Mh.  Kvnaston,  and  the 
observations  of  these  two  geologists  will  here  be  given  in  con- 
nection with  their  notes  ou  the  schisli>  through  which  the 
intrusive  rocks  have  been  erupted. 

At  the  time  of  Ma  J.  B.  Hill's  transference  from  Scotland  to  Distrtet 
Cornwall,  a  large  tiact  between  Inveraray  andDaluially,  on  which  between 
he  had  been  engaged  was  not  finished.    The  completion  of  this  J^M^Sf 
area  as   well   as  the  northerly   extension  of  the  work  from  Awe.  (Mr.  J. 
Dalmally  was  assigned  to  Mk.  KYN.\si(iy,     As  the  difVeient  l^*  fliWd 
bcdimentar}'  series  of  the  Loch  Awe  region  often  shade  into  one 
another  imperceptibly,  a  more  or  less  arbitrary  divisional  line  had 
to  be  adopted,  and  in  order  to  secure  that  these  lines  should  bo 
dra\m  uniiormly  on  the  same  horizon,  it  was  desirable  that 
both  surveyors  should  visit  the  ground  in  company  so  as  to  run 
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niHtrivt  tho  boimdary-liiies  continuously  from  the  one  jwirt  t)f  tlic  district 
I  '  ^Tf"  into  tlie  other.  Mr.  Hill  was  accordingly  instructed  to  join  his 
aml^Loi-li  collea«^uc  for  a  short  time  for  this  purpose,  and  they  conjointly 
Awe.  (Mr.  J,  coniplrtpd  tlio  joinin'^-  up  of  their  hoinidary-lincs  aloncc  the  limits 
11.  liill.)       ot  tlu'ir  rcspcclive  areius    a  total  length  of  40  miles.    Mk.  Hiij. 

took  advantage  of  the  opportunity  to  revisit  the  mountainous 
comitry  between  Glenlyne  and  the  Shira  River  for  the  reax- 
amination  of  the  igneous  rocks  of  Beinn  Bhuidhe,  and,  as  this 
work  would  probably  have  a  beaiins  on  the  fiiture  survey 
of  the  ground  to  the  northwards,  ne  was  aooompanied  by 
Mr.  Kyxastox. 

The  following  descripti<^n  of  the  interesting  an<l  peculiar 
eruptive  roi-ks  of  this  district  is  su])[)lied  by  Mk.  Hill.  It  is 
inserted  here  for  convenience,  but  the  ago  of  the  rocks  must 
be  much  lat^r  than  that  of  the  Daliadian  sedimoits  which  they 
traverse.  Mr  Kykaston  is  of  opinion  that  the  Ben  Cruachan 
granite  not  improbably  belonj^s  to  the  Lower  Old  Red  Sandstone 
volcanic  series  of  Lome ;  whUe  Mr.  Hill  is  disposed  to  regard 
it  as  of  greater  fintiquity. 

The  ocenrrenee  of  oliviue-monzonite — a  roek  new  lo  Piritain — 
has  been  reported  by  Mr.  Hill  in  previous  years  from  various 
parts  of  Argjdlshire.  He  lirst  mapped  rocks  uf  this  kind  in 
1892  among  the  igneous  masses  forming  the  Beinn  Buidhe 
complex,  and  apparently  related  to  the  ffreat  granite  mass  of 
Glenfyne.  Hie  following  year  he  met  witii  a  rock  identical  in 
charjictcr  on  the  west  em  side  of  Loch  Awe,  close  to  the  village 
of  Kilehrenan.  Tn  he  mapped  a  similar  mass  near  Loch 
Avich  about  nine  miles  south-west  of  Kilehrenan,  and  ctescribed 
it  briefly  in  the  Annuul  Report  for  that  vear.*  In  the  same 
Report  a  fuller  account  was  given  of  a  similar  rock  which  Mr. 
Graxt  WiuiON  had  mapped  in  the  neighbourhood  of  Ballachu* 
Ush.f  Purii%  the  past  season  Mr.  R.  G.  Symes  has  met  with 
another  monzonite  dyke  in  the  Kilmelfort  district  (postea,  p.  64), 
near  Mb.  Hill's  mass  at  Loch  Avich,  while  Mr.  KYNASTf)N  has 
mapped  an  example  in  Glenorchy.  T>onV)tless  other  instjmces  of 
them  may  l)e  found  as  the  mapping  of  the  South-Wcstem 
Highlands  advances.  With  the  exception  of  those  in  the  Beiim 
Bhnidhe  arcii,  the  mode  of  occurrence  of  these  rocks  is  too  isolated 
to  throw  much  light  on  their  origin.  At  Beinn  Bhuidhe,  however, 
an  assembli^^  of  igneous  rocks  can  be  studied  which  merge  into 
one  another,  and  among  which  a  definite  relation^jp  can  be 
observed  l)oth  in  the  iield  and  by  microscopic  investigation. 

The  extensive  granite  masses  of  Glenfyne  and  Ben  Cruachan 
are  separated  by  a  space  of  nine  miles,  in  the  intervening 
grouna  small  bosses  of  gi-anite,  diorite,  and  olivinc-monzonite 
appear,  besides  sills  and  dykes  of  orthophyres,  porphyrites,  and 
lami^rophy  re&  The  granite  masses  of  Glenfyne  and  Ben  Cmachan 
are  similar  in  character,  while  the  occurrence  of  smaller  bosses  of 
granite  and  diorite  between  them  may  indicate  an  underground 


*  Aoniul  Report  of  the  Geological  Siirvey  for  1896,  {i.  83 
t  Op.  ett,,  p.  21. 


Digitized  by  Google 


TOUNOER  INTRUSIVE  BOCKS  IN  DALRADIAN. 


49 


connection  between  them — a  coiuiection  furtlu  r  intli(vitt-d  l>y  tlie  District 
enormous  amount  of  tUo  horntels  type  of  altonitiim  on  tlie  Bcinn 
Buidhe  slopes,  which  is  for  in  excess  of  what  would  bo  likely  to  amrEwlf 
be  brought  about  by  the  small  granite  intrusions  that  appc^  on       (Mr.  J. 
the  sur&cc.    The  western  honmlary  of  the  Glcnfync  granite  iflB^HilL) 
roughly  coincident  with  Glenfyne.    The  (I\  krs  of  orthophyre 
and  p^rphyritA  oprnpy  a  zone  about  a  milo  in  breadth,  and 
extend  to  about  six  miles  .soutli-wr'st  from  this  aranite.    None  of 
them  are  seen  to  pass  into  the  gninito,  but  the  porphyrites  boar 
such  a  strong  pctrographical  rcseml^lancc  to  it  tlmi  there  can  be 
little  doubt  that  thej  represent  the  dyke  phase  of  that  rock. 

The  distribution  of  the  small  igneous  bosses,  however,  is 
somewhat  different  Thov  are  scattered  westwards  from  the 
Glenf\Tie  granite  over  a  broad  tract  of  mountainous  country 
extending  to  Glon  Shim.  If  wo  except  two  small  bosses  of 
diorito  which  cccur  somcwluit  t)uuside  of  this  zone  at  about  six 
mdes  south-west  from  the  Glenfyne  granite,  it  may  bo  stated 
generally  that  the  grMiite  and  diorite  bosses  occupy  the  part  of 
the  belt  nearest  to  the  granite,  while  the  olivine-monzonites 
occur  in  the  outer  zone,  the  centnd  part  of  the  belt  being  more 
or  less  common  to  both,  so  that  while  the  monzonites  extend  to 
a  distan(3o  of  about  four  miles  from  the  granite,  the  small  bosses 
ct"  granite  nnd  (linrito  arc  restricted  to  a  zone  oxtonflini^  nltout 
two  miles  h\)\n  tliu  Glenf)'no  granite.  Again,  the  lamprophyros 
of  monzonite  type  are  most  st  rongly  developed  in  the  monzouite 
area,  but  also  extend  in  a  northward  direction  as  iar  as 
Dalmally,  helping  still  ftirther  to  bridge  over  the  interval 
between  the  main  granite  masses  of  Glenfyne  and  Ben 
Cniachan. 

Before  entering  fnither  into  a  dcscnption  of  thoso  olivinc- 
monzonites  and  their  :illi(»d  rocks,  it  will  he  convenient  to  state 
brioHy  the  sense  in  which  the  term  monzonite  is  here  used. 
While  this  groui)  of  rocks  bears  marked  atlinititn>  to  the  rocks 
described  by  BrOgc^er  as  monzonites  from  the  district  of 
Monzoni,  the  Ai^ilshire  type-rock  is  more  basic,  and  always 
contains  oliyine,  and  whiK?  the  olivine-boaring  monzonites  woiud 
represent  only  a  basic  variety  of  Brogger's"  group,  in  Argyllshire 
this  represents  the  type-rock.  But  in  other  respects  they 
rescinble  so  closely  the  mon/oiites  of  Brogger  that  the  term 
olivine-monzonite.  first  applietl  {ai  them  by  Mr.  Teall,*  has 
been  adopted.  As  shown  by  Mr.  Te^vll*!  these  rocks  are 
allied  to  ooth  picrites  and  to  monzonites,  the  amount  of  augito 
and  olivine  linRing  them  with  the  former,  and  their  proportions 
of  silica,  alumina  and  magnesia  with  the  latter.  MB.  Teall 
further  iwinted  out  that  the  augite  from  the  rock  mapped  by  Mr. 
Gran'T  Wii-son  near  Bfilla'-lnilish  mxH  of  the  s^nno  tyj>e  as  that 
of  rurriTi'4  in  the  "  an "_,ntc  syenites  "  of  Monzoui.  VVliile,  again, 
some  of  the'  rocks  from  the  Loch  Awe  and  Inveraray  district 
exhibit  a  more  or  less  oipial  amount  oforthoclaseand  plagiodase, 
and  in  this  respect  approach  closely  to  the  monzonites  of 

*  Op.  cit^  p,  23,  t  0;».  ci'fe,  p.  22, 
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DiBirict  BrOggor ;  this  character  is  hy  no  means  ]3ersist,ent  in  them.  In 
Invemra  some  good  oliviiK -monzonites,  fuirly  typical  of  the  ArgylLshiro 
and^Loclf  rocks,  orthoclaso  has  diminished  to  a  very  small  proportion  as 
Awe.  (Mr.  J.  compared  with  tho  plagioclase,  and  this  diminution  holds  good 
B.  Hill.)   *  whether  or  not  the  rock  is  rich  in  olivine. 

In  the  tield   those    mouzonitcs    present  a  characteristic 
appearance.    They  occur  as  more  or  less  lenticular-shaued 
masses,  like  coarse  dolerite,  with  a  strong  tendency  to  weatiier 
into  cup-shaped  depressions  or  deep  hollows.    In  decomposition, 
however,  they  bear  a  striking;  contrast  todolerites  ;  their  outer 
surfaces  nrc  remarkalily  [fn-sli.  and  ring  somewlmt  like  phonolito 
when  struck  with  the  hnumier.    They  arc  dark  in  colour,  and 
their  constituent  minerals  can  be  readily  detected  with  tlio 
naked  eye.    Pale  green  olivine  in  fairlj  large  rounded  grains 
can  be  seen  amoi^t  the  more  conspicuous  dark  angito  and 
brown  biotite,  the  felspar  bein^  less  oonspicuoua  Perhaps  the 
most  characteristic  mmeral  which  strikes  the  eye  is  the  biotite, 
in  a  discontinuous,  patchy  condition,  but  with  the  patches  in 
optical  continuity.     A^Hicn   h;s^orsthcno  is  present,  it  can 
generally  he  readily  delecLcd  without  the  assistance  of  a  lens. 
Sometimes   lart:,'e  j)atches  of  the   rock    are   almost  entirely 
felspathic,  hut  these  l)ear  an  insignificant  proportion  to  the  mass 
as  a  whole,  which  is  generally  fairly  uniform  throughout 

In  this  Beinn  Bhuidhe  region  there  are  two  well  nuurked 
examples  of  the  ty^ncal  oUvine-monzonites.    One  mass  occurs  in 
the  Brannie  Burn  a  rnilo  south-south-west  of  Beinn  Bhuidhe  tlio 
other  in  the  Allt  an  Sithein,  a  tributary  of  the  Shira  River,  about 
2^  miles  west  of  Beinn  Bhnidhe.    The  olivine-uionzonitc  in  the 
Brannie  Bum  extends  for  a  length  of  al>out  half  a  mile  in  a 
broad  lenticular  mass.    Its  boundaries  arc  largely  obscured  by 
drift,  but  it.s  general  outline  can  be  sufficiently  made  out  by  its 
junctions  with  the  schist  seen  in  the  main  bum  and  its  tribu- 
taries.   It  has  been  intruded  in  the  well-marked  zone  of  gariK  i  i- 
ferons  miai-schist,  which  has  been  traced  across  the  Higblauds, 
occupying?  a  position  between  the  Loch  Tay  liruestono  and  tho 
Ardrishaig  .series.    This  iii  a  typicjil  olivine  inouzonite,  dark  i,n-»;y 
in  colour, niedinm-gniined  in  texture,  and  witli  ihe  usual  ruggixl 
type  of  weathering.    Olivine  in  good-sized  grains  is  conspicuous; 
the  biotite  is  likewise  prominent  amongst  the  augito  and  f<^spar  \ 
whil(i  ophttic  orthoclaso  is  ex(;eptionally  well  doveloi>od.  Tho 
rock  has  produced  wt'll-markcd  contjiet  alteration  in  tne  garnet- 
schist.  Lfood  hornfels  having  Ixjon  developed  for  a  distance  of  15 
or  20  yards  from  it.s  u»argiu.    In  the  lioriifels  z  »ne  fn!.sh  bni^dit 
red  gjirm;t.s  are  seen,  which  appear  lo  have  resulied  from  the 
re-crystallisivtion  of  the  garnets  that  were  present  in  the  .schist 
before  the  monzonite  intrusioa    Tlie  eruptive  rock  is  fairly 
uniform  throughout,  but  eontainsinclusions  about  six  inches  wide 
of  very  much  finer  gnunod  material,    lliere  is  also  a  zone  about 
.six  feet  wide  within  tho  mass,  mainly  made  up  of  felspathic 
material,  which  probably  represents  the  more  acid  condition  of 
the  magma;  it  passes  uomsibly  into  the  normal  ro(rk,  and  is 
not  unlikely  to  bo  of  sedimentary  origin,  as  it  differs  both 


Digitized  by  Goo^l' 


TOUNGEB  INTEUSIVE  liUCKii  IN  DALKADIAN.  61 


in  composition  and  in  the  absence  of  tlio  homfels  alt43ratioa  District 
from  the  sediments  on  the  margin  of  the  mass.  between 

Perhaps  the  niost  interesting  point  in  connection  with  this  Jna^^h^ 
olivine-monzonite  is  the  occurrence  of  a  pranito  in  the  heart  of  awc.  (Mr.  J. 
the  rock,  as  exposed  in  the  stiiiJI  hum  that  fiuws  through  the  Hill, 
northern  part  of  tho  mass.     Tiie  prociso  outlino  of  the  tfranite 
cannot  be  detenniaed  owing  to  tlio  incsence  of  drift,  but  tho 
distance  of  its  two  outer  margins  from  eacli  other,  as  exposed  in 
the  hmm,  atnoimts  to  about  170  yards.    It  is  a  fine-grained 
hornhiende-biotite-granite,  of  the  tjrpe  common  in  the  Beinn 
Bhuidhe  district  Its  intrusiTe  cnaracter  into  the  monzonite 
is  unmistakable^  as  it  sends  veins  into  it  from  its  maigin, 
while  yeins  of  granite  six  to  nine  inches  wide  traverse  the  men- 
zonite. 

Tlic  next  .  xj  osuro  of  the  r(»«  k  occurs  at  An  Sithein,  and  this 
nia^is  is  raiiier  suwller  than  thai  of  the  liranuie  Bum,  since  it  is 
litUe  more  than  a  (][uartor  of  a  mile  in  length  and  about  one- 
sixth  of  a  mile  in  width.  It  has  been  intruded  into  the  Ardrishaig 
series — a  zone  of  calcareous  sericite  schists.  Hero  the  conditions 
for  rei^ional  metamorphism  were  less  favounible  than  in  the 
schists  at  Bcinn  T*»hnKlhc,  nnd  the  rocks  th(?rcforc  were  neither 
so  indurated  nor  so  crystalline  when  tlio  intrusivo  rock  was 
iiije(!ted  into  them  As  a  conseiiuence  ihe  moiuonite  lias 
been  able  to  effect  greater  con  tact- alteration ;  the  change  into 
homfels  extends  to  about  twenty  yards  from  the  intrusion,  and 
is  specially  marked.  In  genezal  character  thb  dark  grey» 
medmm-grainod  oUvine-monzonite  is  similar  to  that  just 
described.  It  contains,  however,  not  only  olivine,  but  hypers- 
thene,  and  is  thorcforr*  a  connect inj^  link  hotwoon  the  monzonitos 
and  the  hyperiles.  Like  the  rock  of  the  lir.uini<>  Hum  it 
incloses  small  zones  of  more  highly  fclspathic  maU  rial.  At  its 
eastern  boundary  it  is  much  coarser,  owmg  to  the  augites  being 
much  hu^r  than  in  the  normal  rock,  and  occurring  in  a 
porphyritic  condition.  This  rock,  like  that  ahready  described,  has 
Deen  cut  by  a  hiter  intrusion ;  while  tho  Bramiie  Bum  mass  was 
invaded  by  a  granite,  this  mass  has  been  pierced  by  a  hunpro- 
phyre  dyke. 

A  rocK  which,  in  the  ti(  Id,  can  l)c  seen  at  once  to  beloag  to 
tho  luonxonite  group,  occ ins  half  a  mile  north-we.st  of  (Jiacnan 
iiill,  and  about  a  mile  from  the  Brannie  Bium  mass  on  the 
Steep  slope  between  that  hill  and  stream.  It  is  a  large  sill- 
lUce  intrusion,  about  hdf  a  mile  in  length,  and  one-eighth  of  a 
mile  in  width,  and  strikes  at  the  Branme  Bum  rock,  from  which 
it  is  separale<l  by  a  space  of  three-quarters  of  a  mile.  Tliis 
mass,  wnile  <  ff>scly  alli«Mi  to  tlic  olivine  monzonitos,  is  an  augitc- 
dioritc.  Mk.  Teall,  who  <  xannnid  it  uudw  tlio  microscope, 
dcscril»es  it  as  being  composed  of  nearly  coloiirless  au^te, 
biotite,  hornblende  (green),  phigioclase  and  a  little  interstitial 
quartz.  Alkali  felspar  has  not  been  definitely  reeoj^pdsed,  and 
only  a  very  small  cpiantity  can  be  present.  The  augite  is  of  the 
type  ocenrring  in  the  monzonitcs  Although  not  itself  a 
monzonite,  the  rock  belongs  to  that  group. 
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Dbtrlrt  A  small  sill  close  to  the  inoiis  jiust  referred  to  evidently 

betweon      belongs  to  the  same  group.   It  contains  no  aiigitc,  and  has  been 
amrLodi     (lotermincd  by  Mr.  Teall  from  microscopic  examination  to  be 
Awe.  (Mr.  J.  a  biotltc-caniptoiute,  exceptionnlly   rich   in  ferro-inagnesi<m 
B*  Hill.)       constituents.     There  cun  be  little  doubt,  however,  that  it  is 
clos^elv  roljit'>tl  fn  tin*  rock  l  ist  (I'-si'ribed,  and  r^^prf'sont^  n  iimre 
basic  intrusion  troni  the  same  nirii^niia.    Furthe  r,  tliis  vovk  must 
he  rejifarded  as  a  connoetin<^'-link  between  the  lamprupUyres  and 
the  monzonites.    In  the  Braimie  Burn  ground  the  monzonite 
and  auiptc-diorite  are  associated  with  large  mimbeis  of  lampro- 
phyies,  whieh  immediately  succeed  them  and  extend  m  a 
westerly  direction  to  Glen  Shira.    These  rocks  occur  m  close 
proximity  to  the  augite-diorite  and  monzonite,  and  many  of 
them  shade  so  indefinitely  into  them  tlutt  wo  must  supposo  thom 
to  rei)r(  S(  iit  the  dyke  phase  of  the  monzuiiite  group. 

Two  small  lamprophyro  sills  on  the  shme  of  Ceann  Garbh, 
about  two  miles  to  the  north-east  of  Beinn  Bhuidhe,  are  in  acme 
respects  peculiar.  They  occur  near  one  another,  are  dark  in 
colour  and  medium-gramcd,  but  contain  porphyritic  crystals  ot 
augite  and  platy  pkgiodase,  and  arc  undoubtedly  allied 
to  the  monzonites.  'Jnev  nro,  however,  distiin  tly  more  por- 
phyritic than  the  typical  iiiouzonile?^.  and  in  moiie  of  occurrence 
arc  more  closelv  akin  to  the  lainjuophyre  division  of  the  mon/.o- 
uitc  group,  ifndcr  the  microscopo  they  are  seen  to  contain 
&irly  large  phenocrysts  of  colourless  angite  and  plagioclase,  in  a 
matrix  of  felspar,  biotite,  and  magnetite  (accessory),  with  which 
chlorite  and  other  secondary  minerals  are  associated. 

Another  example  of  a  lamprophvre  sill  of  monzonite  tvpo 
appears  a  little  to  the  sontli  ot  I),tlmal1y.  It  rlascly  resemf>les 
both  the  two  examples  just  described  from  C'e^iun  Ciarl»h  and  the 
augitc-diorite  from  Clachan  Hill.  It  is  an  augitc-lamproplivre 
tliat  clearly  belongs  to  the  monzonite  group.  As  the  two  sills 
from  Ceann  Garbh  might  equally  be  classed  with  the  monzonites 
or  with  the  lamprophyres,  so  this  sill  might  be  placed  either  with 
the  augite-lamprophyres  or  the  augite-diorites,  seeing  that  it 
occupies  a  position  somewhat  internif  flinte  lx>tween  the  two.  the 
rocks  from  all  these  localities  being  imraisUikably  members  of 
the  morizuiiiie  group. 

Ill  like  manner  a  passage  mav  be  traced  between  the  lam- 
prophyres of  pronounced  monzonite  type  and  the  lamprophyres 
of  the  typical  camptonite  tyfKj.  These  intermediate  stages  can 
be  favourably  studied  amongst  the  numerous  lamprophyres  of 
the  Urannie  Rurn.  In  some  instances  augite  is  as  conspicuous 
a.s  hornblemle.  while  in  otiiors  horniil(  luh-  only  occurs,  and  wo 
get  tlio  tynical  camptonite  or  horn!-l(Mid<>  lani})ro])]iyre  of  this 
disti  ict.  In  some  sills  phenocrysts  ot  altered  augite  and  brown 
hornblende  may  be  seen  in  a  matrix  of  the  lainproplnre  type, 
while  in  others,  by  the  absence  of  augito  and  tne  action  of 
biotito,  we  get  a  biotite-caniptonite.  ^me  of  the  sills,  again,  ara 
made  up  of  material  similar  to  the  groimd mass  of  these  camp^i 
tonites,  and  by  the  gradual  diminution  ot  the  hornbl«adei 
reach  a  tyj>e  of  lamprophyre  prevalent  in  the  district. 
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The  inonzoiiitcs.  although  most  (  (Hiiukmi  amoiiirst  the  moro  Dwitrict 
basic  rocks  of  the  district,  are  noi  wholly  contineti  witltin  .such  j^^*"* 
ruiige.    An  instance  will  now  be  dehcribed  in  which  a  niouy.onite  and^^uJciT 
forms  a  portion  of  a  mass  which,  taken  on  the  whole,  is  a  horn-  Awe.  (Mr.  J* 
blende  CTdnite  or  a  tonalitc.   About  a  mile  and  three  quarters  ^  Mill.) 
south  01  Beinn  Bhiiidho  two  snmll  bosses  occur  at  rather  more 
than  a  mile  from  the  boundmy  of  the  Glcnrs-ne  granite,  but  not 
more  tliaii  a  third  of  a  mile  from  the  schist  which  is  V(  ined 
by  the  granite.    The  larger  mass  is  al«iut  a  quarter  of  a  mile  in 
length  and  one  eighth  of  a  mile  iu  width.    The  smaller  and 
more  northerly  mass,  only  separated  from  it  by  a  distance  of  100 
yards,  is  about  200  yard8*^long  and  about  100  yards  wide. 

These  masses  of  fine-grained  granite  are  slightly  variable  in 
composition  and  texture.  In  some  |Murts  the  material  is  a  grey 
biotitc-pfranito  or  granitito,  containing  zonal  |)la<^noclase  and 
interstitial  quartz  and  orthorlase,  in  othi  r  jiarts  hornblende 
appears.  Moreover,  the  outer  jioi'lion  which  is  liner-Lrraine'd  is 
much  darker  aiiu  the  auu>uiit  ol  hurnblende  iu  it  must  be 
greater.  Indeed  it  would  appear  that  the  mar<^n  of  the  mass 
IS  probably  more  basic  than  the  interior,  and  smce  plagioclase 
felspar  is  m  excess,  parts  of  the  mass  might  be  more  nttingly 
called  diorite.  Besitlos  hornl)lende,  augite  is  sometimes  present. 
The  specimen  wliidi  Mil.  Tkat.!.  examined  was  composed  of 
more  or  less  idioniorphic  augit'-.  l)i(>tite,  lath-shaped  plagio- 
clase,  interstitial  (juartz,  and  orthocia.se,  with  some  accessoi^ 
magnetite  aud  secondary  hornblende  and  chlorite.  This  rock  is 
allied  to  both  oHyine-monzonite  and  to  hyperite.  Augite 
diorites  occur  in  the  monzonite  gi'oup.  Mb.  Hill  believes  tnat 
the  group  may  have  a  still  further  extension  and  embrace  the 
more  acid  diorites  and  hornblende  granites. 

The  district  includes  rocks  still  more  acid  than  those  now 
described.  They  consist  of  grey  fine-grained  bitjlite  graiiitos, 
forming  small  protrusions  on  the  ridge  and  lianks  of  Beinn 
Bhuidhe,  one  of  \vliich  has  already  been  relerred  to  as  an  intrusion  in 
the  olivine-momsonite  of  the  Brannie  Bum.  There  is  every  reason 
to  sapgoee  that  thm  biotite-granites  and  hornblende-granites 
are  of  the  same  age  as  the  Glenfyne  granite,  on  the  border  of 
which  thcv  occur,  and  the  tincr-grained  portions  of  the  Glenf\Tio 
^  anite  is  identical  in  character  with  the  material  of  these  smaller 
mtnisions. 

While  the  instances  here  cited  of  a  monzonite  being  pierced 
by  granite  and  by  a  lamprophyro  afford  an  indication  of  the 
relative  ages  of  the  rocks,  thev  supply  no  evidence  to  determine 
the  relation  of  the  granite  and  lamprophy  re  t<>  one  another.  This, 
however,  lias  been  apparently  settled  on  the  northern  flanks  of 
Beinn  I>lniidhe,  where  a  granite  pierces  a  lamproph\Te.  The 
lani})roi)liyre  .sill  is  distinctly  .seen  to  bo  veined  by  tlic  granite 
which  has  pi'odiiccd  groat  contact-alteration  on  it.  Under  the 
microscope  tlie  older  rock  is  found  to  be  comj)oscd  of  small 
scales  of  contact-brown-mica  and  water-clear  plagiodase  crystals, 
and  crystalline  patches  of  hornblende  are  also  seen. 

From  the  occiixrenoes  and  behaviour  in  the  field  of  this  in- 
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]  >:-;n(  t        tcrcsting  group  of  rocks,  wo  in.iy  now  proceed  to  ronslflor  liow 
between       far  they  help  in  dotorminiiiuf  thi'  rolatjons  of  the  Viirioiis  iL,'aeoiis 
jlnTr^lr^r     rocks  apparently  scjittured  at  random  over  tho  wiilo  district  of 
Awe  (Mr.  J.  rugged  and  somewhat   precipitous  liills,  amongst  which  the 
liHUl)      highest  peak,  Beinn  Bhuidhe,  rising  out  of  Glenfyne,  attains 
within  the  space  of  2  miles  from  its  base  an  elevation  of  over 
3,000  feet.   The  rocks  enumerated  in  the  forogouig  pagee  range 
from  acid  to  basic  in  composition,  inckiding  granite,  quartz- 
diorito,    augite-diorite,    jmi^Itc-camptonitc,    camptonitc.  hm- 

Erophyre,  and  olivine-mon/(initc,  winch  are  so  closely  connocLed 
•om  a  pctrologicid  standpoint  tliat  they  pa«s  by  insensible 
gradations  into  one  another.  We  have  seen  that  the  nioiizoniie 
type  prevails  over  the  entire  series,  linking[  them  together  sa  a 
connected  whole.  This  prevailing  monzomte  type,  embracing 
rocks  so  varying  in  composition,  is  strong  nresumpti\  c  ev  idt  nee 
that  the  rocks  represent  various  phases  of  material  wliich  has 
been  derived  from  a  common  magma.  Further  d'woct  proof  has 
been  obtained  of  tho  intrusion  of  different  mcuibors  ui  tho 
group  into  one  another,  thus  affording  an  indication  of  the 
order  of  the  successive  phases  ot  injection-  If  this  apparent 
order  accurately  represents  the  true  sequence  of  events,  the 
olivine-monzonites  woul<l  appear  to  have  been  intruded  fii*st, 
followed  bv  the  lamptophyres,  and  finally  by  the  granite,  or  in 
other  words,  that  the  more  basic  material  was  intruded  earliest, 
and  tho  most  acid  latest.  Wicther  the  small  or  igneous  masses 
of  the  Hcinn  Bhuidhe  area  coincide  in  ai^o  with  the  large  granite 
mass  of  Glenfyne  cannot  be  with  certainty  maintained,  but,  as 
stated  already  the  smaller  granite  masses  appear  to  be  idmtical 
with  the  finer-grained  portions  of  that  granite,  and  the  porphyrites 
which  occur  amongst  iln^m  aie  so  closely  allied  to  it,  that  there 
can  he  httle  doubt  ^t  they  re[)ros(  nt  its  dyke  phase.  On  tho 
whole  there  are  strong  ■  grinds:  for  supposing,  that  all  these 
granite*  masse.s  we  approximntoly  of  t lie  s{^m«r ago.    '  v 

The  .studv  6f  this  group  of  rocks* 'thro^v  s  *ornd 'tighti  on  the 
age^of  the  f&raprophyre-d)^es  so  genoially  scattered  uVe*  the 
Highlands.  So  fer  as  the  lamprophyres  ortbii  dSstrietraWTOn^ 
cemcd,  the  evidence  is  ample  that,  Kke  the  olivitie-monzomtes, 
they -hrtve  been  derived  from  the  more  basic  portions  of  tho 
magma,  Which  afterwards  supplied  Uie  niatcriaVTbr  the  grAnit^s. 
It  is  not  sncfgcstcd  that  all  the  lampro]>hyro-dykes  are  norossnrily 
of  the  Siinic  ago,  nor  that  each  granite  mass  was  intruded  at 
precisely  the  siime  time.  Souic  of  the  lamproph}Tes  are  possibly 
later  tlian  some  of  the  granites,  but  we  have  no  reason  to  doubt 
that  the  order  of  succession  here  described  holds  ^ood  generally 
— at  any  rate  the  evidence  is  absolutely  conclusive  that  some 
lampro|}hyres  have  ptccodod  the  granite  of  their  vicinity. 

Allusion  has  been  made  on  a  pre\-ions  page  to  a  group  of  por- 
))liyrito-sills  extending  to  the  south-west  of  the  Glenfyne  granite, 
some  of  which  undoubtedly  represent  the  dyke-pha.Ho  of  that 
rock,  'lliey  are  of  three  types,  \iz.,  ortho}>liyres,  porphyrites, 
and  micii-porph^Tites.  The  orthophyres  are  not  so  strongly 
developed  as  the  porphyrites.  Thsy  are  lathor  unaatisfkctcfiy  in 
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clmmrtcr,  the  decomposition  of  tlicir  fVlspais  h.i\'inc^  proceeded  r>i  tii  f 
so  far  that  it  is  not  always  ptxs.sibleto  decitie  whether  tins  TTiiTieral  l>otw»jc« 
is  orthoclase  or  plagioelase.    The  j3<jrphyrites  are  of  two  types  .^^^^f^^ 
and  of  difltreiil  age.    The  mica-porphyrites  are  sometimes  cut  Awe.  (Mr  J. 
by  the  htMnblende-^yorph^ritea  They  were  thenuelves  onginaUy  B.  Hiu  > 
homblende-poiphynrites,  in  which  the  hornblendes  are  now  repre- 
sented by  pfleudomorpbB  oi  hiotito  and  cpidoto.    Mb.  Tball  nils 
siTp^^ested  that  the  alteration  has  been  brought  about  as  a  re^It 
of  contact  or  thermo-metamorphism,  as  hornblendes  frequently 
dcfXdiipose  to  aggre^tes  of  chlorite  and  opidote,  while  cnlorito 
may  bo  converted  mto  biotite  by  contact  or  thernio-ineta- 
morpbisni.    Certainly  the  evidence  previously  adduced  of  the 
alteration  of  a  lamprophyre  by  oontact-metamorphism  is  sug- 
gestive^  the  homblende-laniprophpe  being  converted  into  a  rock 
made  up  of  - water-clear  felspar  and  contact-brown-mica.  As 
regnrds  the  porphyrit*  s  there  is  no  evidence  of  snch  contact- 
metamorphism,  except  tli  it  they  occnr  amongst  scliists,  iu  which 
the  regional  metamorphism  is  DeginiiiiiL,^  to  be  rapidly  increased, 
and  it  is  possible  that  thenno-mcttmiorphism  may  have  been 
the  agency  responsible  for  this  increase  of  regional  metamorphism, 
and  tnat  the  porphyrites  were  aflbcted  at  the  same  tima 

The  rocks  of  the  later  group  of  hornblcnde-porphyrites  are  com- 
paratively fresh,  and  vary  largely  both  in  their  texture  and  por- 
phyritic  characters.  The  liner-grained  varieties  are  homblcTido 
porphyrites,  containing  sphene;  the  por])byritic  felspars  arc 
plaijfioclaso,  similar  to  the  idiomorphic  felsjmrs  in  the  trlenfyne 
tjrauiLc,  which  also  contains  sphene.  They  generally  also  contain 
loree  qaaxtz,  sometimes  in  considerable  quantities.  As  they 
become  coarser  in  texture,  they  pass  into  quartz-diorito  or  horn- 
blende-granite, and  it  may  be  noted  in  this  connection  that  ^e 
coarser  and  more  granitic  varieties  enter  the  zone  of  the  monzo- 
nit*^  group,  the  tnic  d\  lse  rn.  being  most  prevalent  to  the 
Buiith-west,  at  nnd  bevoiid  t  he  limits  of  this  zone,  A  sill  which 
occurs  on  Clachan  Hill,  about  three  miles  south-west  of  Beinn 
Bhuidhe,  is  composed  of  hornblende,  biotite  (idiomorphic),  and 
more  or  less  lath-shaped  plagioclase,  alkali  felspar,  and  quartz  with 
sphene,  apatite  and  iron  ores  as  accessories.  This  rock  is  richer 
in  ferro-magnosian  minerals  and  plagioclase  than  a  specimen 
Kt?lected  as  typical  from  the  Glcnfyue  granite,  and  is  somewhat 
intermediate  m  structure  between  granite  and  ]>()rpbyrite.  This 
group  of  horiihlende-porphyritcs  somewhat  ditVurs  in  chanieter 
from  the  porphy rite-dykes  of  the  Loch  Awe  district,  which  Mh. 
Kynaston  supposes  to  represent  the  dyke  phase  of  the  Cruachan 
granita  On  the  whole,  the  rocks  which  it  embraces  are  more 
acid  and  contain  a  larger  amount  of  quartz  which  is  clearly 
distinguishable  without  the  aid  of  a  lens. 

Altnough  the  Gleiifvnc  «franitc  has  its  own  n'^^emblago  of 
smaller  intrusions,  dykes,  and  sills  distinct  from  tiiose  iM  longing 
to  the  Crnachan  granite,  there  are  well-marked  resemblances 
between  these  two  greiit  granite  masses.  Thus  Mk.  KynastuN 
has  leoorded  augite-diorite  from  the  district  of  Ben  Cruachan, 
while  according  to  Ibt.  Hill's  observation, -the  igneous  masses 
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of  the  Bcimi  Blmidlio  aro^i  arc  suggestive  of  an  uudergiouiitl 
connection  between  the  granites  ox  the  two  mountains.  As 
x^ards  the  age  of  the  Gfinfyne  granite,  no  definite  statement 
can  bo  miide,  except  that  it  must  be  later  than  the  foliation  of 
the  schists. 

Glen  Etiye  The  !!i;ippini:;  of  (h('  (lien  Etive  granite  was  completed,  and 
betw^n"*^*^  its  l)()uiul;n'v  line  Was  earricd  from  Glenivin,2f!ass  past  the  Avestern 
Black  Mount  Luck  DocharL  and  tiienco  in  a  u^ciicral  north- wcbLurlv" 

and  Glen      direction  to  Laiiig  Duchart,  where  the  lino  was  joined  up  with 

Ky^toi^"^'  ^^'^'^  ^^^^  ^   ^^^^  ^ 

presented  any  new  features.  The  completion  of  the  boundary- 
unesliows  thiatthis  granite  forms  a  well-defined  oval  mass,  almost 
completeiv  surrountied  by  the  Ben  Cniachan  type.    It  includes 

an  area  of  approxiniMtely  GOh  square  miles,  and  is  only  covered 
to  an  insii^mlieanl  degree  hy  uioraiaic  material  and  other  super- 
ficial aecuinulaLions.  Tt  is  characterised  by  a  wild  and  imposing 
type  of  mountain  bocnery,  embracing  no  less  than  five  peaks 
more  than  3,000  feet  in  height. 

The  Ben  Cruachan  type  of  granite  was  fomid  to  die  out 
against  the  Glen  Etive  mass  in  Glenkinglass,  about  a  mile  cast 
of  1  )oire-nan-Siior.  Following,  however,  the  mar^^in  of  the  latter 
typo  north-eastwards  for  two  miles,  we  again  liud  the  Cruachan 
typo  about  a  Tnile  south-west  of  Loch  Dochart.  It  rapidly 
widens  froui  a  breadth  of  only  a  lew  yards  to  nearly  hali'  a  mile, 
and  assumes  a  £Eiirly  coarse  texture,  it  is  a  pinkish  hornblende- 
^ranitite,  becoming  fine-grained  and  dioritic  m  appearance  at  its 
junction  with  the  (}uartzose  schists  to  the  oast  North  of  Iioch 
Ilochart  the  boundary-lino  was  traced  in  a  general  north-easterly 
direction  to  within  a  liundred  yards  or  so  west  of  the  summit  of 
Stob  Ghabhar  (8, 505  feet).  This  poriioii  of  the  Cruachan 
grauitij  is  continuous  with  that  already  Tnapped  in  (ricn  Etive, 
and  it  still  maintains  characters  simdar  to  those  previously 
described  from  the  Ben  Cniachan  district  In  some  places,  for 
example,  on  the  east  side  of  the  Dochart  Bum,  it  u|)pears  to 
pass  gradually  into  the  Glen  Etive  granite.  Its  texture  does 
not  change  as  the  margin  is  approached  and  the  two  types  of 
rock  pass  irradnallv  into  one  another,  so  that  no  hard-aud-f;ist 
line  can  l)e  drawn  between  them.  A  sinular  passage  has  already 
been  noticed  jis  occurring  to  the  west  of  Loch  Etive.* 

Out^de  the  eastern  margin  of  the  Cruachan  gianite  a  separate 
mass,  of  a  similar  general  type,  has  been  mapped  in  the  mmie- 
diate  neighbourhood  of  Clais-gol)hair.  It  is  exposed  for  a  mile 
and  a  half  in  theClais-gobhair  Ihu  n,  and  is  contmued  north-east- 
wards as  a  narrow  .strip  to thtnorth- western  mar<:fin  of  Sheet  iG., 
Tiie  rock  is  a  medium-grained  L;i<'visli,  and  somel imes  pinkish, 
hornblende-granite — or,  perhaps  more  sirii  tly  spiakinL,^  a  diorite 
of  the  tonalite  type.  Close  to  Clais-gobhair  an  oval  mass  of  a 
coarse  yeiy  homblendic  diorite  occurs  within  it,  and  doubtless 
represents  a  basic  modification ;  while  another  small  mass  of  a 
more  basic  diorite  occurs  among  the  schists  close  to  its  eastern 

*  Stimmarif  <^  Progreta  for       p.  79. 
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inaiyiii.  Tiider  tht>  microscope  the  iionnal  type  of  the  Vioni- uleu  Etive 
blendo  K^nuiite  [Slide,  No.  HG20,  half  a  iiulc  noith-west  of  C  iais-  f^f^^'^JJ"** 

fobhairj  in  soon  to  coiisist  of  plogioclaso  felssuar^  groon  Mouat 
lomblendei  biotite»  and  a  SDoall  j^roportion  of  alkali  lelspar  and  anri  olen 
interstitial  quartz;  sphene,  apatite,  and  iron  ores  occurring 
aoceasories.  The  basic  modification  which  occurs  -within  this 
mass  varies  from  a  fairly  coarso  rock,  containing  about  equal 
proportions  of  lionil  ilundo  and  plagioclaso,  to  a  coarse  hornblende 
rocK  in  which  stan  oly  any  Iclspur  is  visiMe  to  the  naked  eye. 
The  former  variety  is  seen  imdor  the  iuicio>,cope  (.SB21]  to  Ixj  in 
great  uieaburo  made  up  of  large  plates  of  green  hornblende, 
which  iiiclude  small  idiomorphic  plagioclases  and  some  small 
flakes  of  altered  and  ragged  biotito.  A  few  small  pyroxene  grains 
arealso  present,  while  hornblende  and  plagioclaso  likewise  occur 
interstitially  between  the  large  plates  of  nombleado.  There  is 
no  quartz.  The  other  intrusion  occurring  outside  the  hornblende- 
granite  is  a  similar  rock,  lliouj^di  the  ])in{t()ition  of  felspar  to 
ferro-magnesian  consliluenUs  is  apparently  more  uniform.  Further 
to  the  cast  again  Hes  the  diorite  of  Kaunoch  Moor,  which  doubt- 
less, when  more  fully  investigated,  will  turn  out  to  have  close 
lenities  with  the  hornblende-granite  and  diorite  of  Ben  Gruacluui 
and  the  Black  Mount. 

As  regards  the  age  of  tlic  C'ruaclian  p-anite,  which  has  been 
referred  to  in  the  Reports  of  tVamer  yeiirs,*  no  fresh  facts  of  any 
importance  have  come  to  li^dit  this  y(^ar.  Mk.  Kynaston  has 
examined  microscopically  the  audesite  which  occurs  in  the  Pass 
of  Brander  at  a  distance  of  about  three-quarters  of  a  mile  from 
the  nearest  exposure  of  granite,  but  could  detect  in  it  no  positive 
si^is  of  contact-metamorphism.  The  andesite  is  not  found  in 
this  district  an\'  nearer  to  the  granite  than  this  point,  and  it 
never  occurs  on  the  north-east  or  Cruachan  sitio  oi  the  Pass  of 
Ihandt  r  fault.  It  is  to  he  hoped,  however,  that  more  doHnite 
facts  corieerniug  the  ehronolorfical  relations  ul  these  two  rocks 
will  be  forthcoming  ai.  the  work  in  this  and  other  parts  of  the 
district  advances.  .  v 

In  connection  with  basic  modifications  of  the  larger  masses  of 
intrusive  rocks  attention  may  be  calU^d  to  the  occurrence  of 
olivine-inonzonite  on  tlic  west  side  of  Glen  Orchy.  An  elongated 
patch  of  this  rock,  almost  a  mile  in  leufjfth  and  an  c  iirhth  of  a  niil(i 
m  breadth,  besides  two  smaller  oval  patcht  s,  prolmbly  eonnectcd 
with  it,  was  mapped  a^>out  a  mile  north  ol  Catinuis  hi  (  ilen 
Orchy,  and  seven  miles  from  Dalmally.  The  rock  varies  from  a 
medium  grain,  weathering  like  dolerite,  and  consistiujLr  appa- 
rently in  large  measure  of  augit<  ,  t<>  a  coarse-graiu,  in  which  the 
constituent  minerals,  olivine,  augite,  and  biotitc  arc  easily  seen 
with  the  naked  eye.  Tliis  coarse  ro(?k  form^^  th(»  ^rreater  part  of 
the  mass,  and  weath<  i  s  into  the  characteristic  small  cup-shajK>d 
depressions  already  noticed  by  Mr.  Hill.  I'^nder  tlie  niieroscopo 
[8(jl4ij  the  olivine  it;  s.  en  to  occm*  mostly  iu  rounded  grains,  and 
seldom  shows  cr}'stal  outlines.   It  is  £iirly  iresh,  is  traversed  by 

*  Summary  of  Frogrm  for  1B97,  p.  85 ;  fm  1808,  p.  7e. 
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Glen  Etivo    numerous  anastnniosinpf  veins  of  magnetite,  and  often  ocems  M 
ho  \\'oen  ^*^  inclusions  in  the  augite.  Augito  and  olivine  appear  to  he  prosont 
B!ack*?fount     about  equal  proportions,  and,  together  with  biotitc,  form  the 
and  Glen      main  mass  of  t  h*^  rnrk.     The  augite  rhietly  occurs  as  largo 
gim.  (Mr.  hidividuals  with  wcll-detinod  crystal  outline,  frequently  showing 
^^""^     a  marked  zonal  structure  luider  crossed  nicoiii.    It  also  appears 
in  smaller  grains  and  spranular  aggre^tes  of  irregular  contour 
acattered  throughout  the  slida  Tne  biotite  is  strongly  pleochroic 
and  occurs  In  ragged  flakes  and  patches,  and  several  detached 
flakes  are  often  seen  to  be  in  optical  continuity.  Felspar, 
together  with  some  biotite  and  small  augite-grains,  fills  up  the 
interspaces  between  the  larger  individuals.    J^oth  orthoclasc  and 
pWioolaso  are  present,  the  latter  being  distinctly  idiomorphic, 
whuo  the  former  is  interstitial.    Magnetite  fills  tne  veins  in  the 
olivine,  and  appears  also  as  grains  associated  with  both  the  oH^ne 
and  biotite.   Mb.  Kynaston  lias  likewise  visited  the  Beinn 
Buidhe  district  described  by  Mb.  Hill  (p.  48),  and  agrees  with 
his  colleague  that  so  far  as  tne  present  known  evidence  f:rocs,  it 
raay  not  bo  unrejissonable  to  couchido  that  the  monzonitos  have 
been  derived  from  the  basic  portion  of  the  magma  which 
supplied  the  granites,  and  are,  therefore,  approximately  of  the 
same  geological  age. 

Throughout  the  whole  area  surveyed  by  Mb.  Kynasion  last 
year  a  large  number  of  dykes  and  sills,  having  petrological 
afiinities  with  the  larger  granitic  masses,  have  been  map^. 
Thf'^c  show  a  wide  range  of  variation  both  in  composition, 
structure,  and  the  relative  pr(^portion  of  the  ditferent  con- 
stituents. They  include  (luartz-nnrphyries,  felsites,  por{)liyrit»3s, 
diorites,  and  lamprophyres,  and  tliesc  pass  into  one  another 
through  intermediate  varieties.  As  regards  distribution  it  is 
noticeable  that  the  more  acid  types  of  sills  are  almost  always 
found  nearer  the  granite  than  the  more  basic  varieties.  The 
lamprophyres,  however,  frequently  occur  in  the  neighbourhood 
of  the  Ben  Bhuidhe  granite,  and  oiorites  occasionally  cut  that  of 
Ben  Cruachan.  ' 

The  quartz-porphyries  are  found  on  Bon  Mhic  Monadh,  about 
the  head  of  Clen  Strae.and  in  the  Black  Mount  district.  They 
traverse  the  schists  and  the  Cruachan  type  of  granite,  but  are 
not  seen  to  cut  the  Olen  Etive  type.  The  usual  type  is  a  biotite- 
bearing  quartz-porphyry,  contaming  a  certain  amount  of 
plagioclasc  as  well  as  orthoelase.  These,  by  an  increase  in  tho 
amount  of  plagioclasc  relatively  to  orthoelase  and  the  dis- 
appearance of  the  quartz,  will  pass  into  porphyrites. 

The  porphyrites  are  common  in  tho  Glen  Strao  and  Black 
Mount  portion  of  the  district  surveyed,  and  also  occur,  but  more 
sparingly,  in  other  parts.  They  comprise  both  biotite  and  horn- 
blende-porphyrites.  The  former  pass  occasionally  through  inter- 
mediate varieties  into  orthoclase-porphjfries  or  ortlioph}Tes  and 
quartz-porphyries,  and  the  latter  merge  into  diorites.  Ctx.d 
examples  of  the  uiorc  acid  type  of  porphyritc  are  fnnnrl  in  tlic 
noighbourhond  of  Clais-gobhair,  and  some  of  these  are  so 
crowded  wiuii  phenocrysts  as  to  have  tho  appearance  at  hrst 
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sight  nf.a  gmnitic  rock.    A  speciinen  from  Meall  Buidhe  shows  nieri  Ktive 
ahuiidaiit  phoDocrvsts  of  folspar,  biotite,  hornblende,  and  sni;ill  '^J^^gg^"^*' 
quartz-granis  in  a  tine  greyish  matrix.     lender  the  nii<  ros^;oiK?  ujack  Mount 
[8G24]  all  the  larger  pheuocrysts  of  felspar  arc  seen  to  be  pla^io-  and  Glen 
clase,  and  to  be  in  excess  of  orthoclaso  which  occurs  in  smaller  (^Y* 
CTVstals.   Quartz  occurs  sparinjjly  in  small,  rounded  grains.  J^****^^*' 
Tne  hiotite  is  seen  as  plates  vitn~  niflged  outline,  and  is  also 
scattered  throiighout  the  rock  in  peculiar  groups  and  patches  of 
small  flakes.    These  groups  ;»r*'  frcqiientlv  associatod  with  horn- 
blende, and  would  appinr  i<>       rc])lacing  it  owing  to  some 
secondary  action.    The  honiblunde  iii  pale  green  and  occurs  in 
irregular  patches  and  grains,  wliich  never  show  crystal  outlines, 
and  the  patches  appear  as  a  granular  aggregate  beneath  crossed 
Xiools.   Occasionally  these  patches  have  a  more  defined  form, 
but  they  are  always  associated  with  numerous  small  flakes  of 
hiotite  and  prrains  f)f  magne  tite.    Apptirently  there  has  boon  a 
gradual  brt-aking  down  of  the  hornblende,  ana  it  is  now  partially 
replaced  Itv  sc<'OTidary  biotite  and  Tnafn>etite.    Both  the  oiiL^inul 
hiotite  and  hornblende  occasionally  occur  a.*^  inclusions  in  the 
felspar.     The  groundmass   is  a  micro-crystalline  quartzo- 
felspathic  aggregate  with  small  disseminated  grains  oi  biotite 
and  hornblende.    Magnetite  is  an  ucces.sory.    Another  variety  of 
homblende-porph^Tito  with  acid  tendencies  is  common  in  the 
Cniachan  gramte  on  the  rid^^o  to  the  west  of  Stol)  (Ibabhnr, 
near  Clais-gohhair.    Elon^atrd  crvstals  of  hornblende  and  j)lale8 
of  biotite  arc  easily  seen  with  tin;  naked  eye,  while  the  f('ls^)ar 
pheuocrysts  bometiuies  range  up  to  an  inch  in  length.  Iho 
nucrosoope  shows  [86231  that  some  of  these  latter  are  evidently 
orthoclase,  though  the  larger  proportion  of  the  felspar  plieno- 
<arysts  are  plagioclase.    The  hornblende  is  fresh  and  occurs  in 
wcll-detined  elongated  crystals.    The  biotite  is  in  about  the 
same  proportion  as  the  hornblende  and  fretjuontly  occurs  in 
hexjigonal  plates.    Qfiartz  0(;curs  as  an  accessory ;  but  is  not  ' 
visible  to  the  hako'd  W',  and  only  appears  in  occasional  ftmitll 
rounded' ^iiink'   The  ^rM^  nUiv  be  descril^ed  as  hn<^b-^ 

dioritia   It  sliows  mii^  i<iibmorphic  jila^odaae,  small  greemdj . 
hornblendes,  and  biotite,  with  interstitial  felspar  and  quartz. 
Porphyrit  *   if  this  type  has  already  been  noticed  from  the  same 
district.*    These  rocks  nppear  to  have  closer  affinities  withi  the 
Glen  Etivc  type  of  granite  than  with  tlint  of  Crnarhan. 

Diorites  and  nuVro-tiiorit  es,  in  which  pla^n'ocliuseand  horn  blende 
may  often  be  porphyritic,  are  couuuon  as  sills  in  the  Glen  Orohy 
part  ot  the  district  and  in  the  Black  Mount.  These  appear  luoro 
nequently  in  the  schists  than  in  the  granita  An  unusual  type, 
hut  well-marked  when  it  occurs,  is  found  on  Meall  an  Laoigh, 
three  miles  south  of  Clais-gohhair.  It  is  an  augite-diorite  with 
Conspi<"nous  and  wdl-tlclincd  n'»r]>byritic  augites,  i^^ivin^'  the  rock 
ft  peculiar  spoUod  appearance.  Sills  ot  a  .similar  rock  have  also 
been  mapped  on  the  high  ground  separating  Glen  Strae  from 


*  Stmnumry  qfProgrut  for  1688,  p.  38. 
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Gleti  Etiye  Glan  Kinglass  *  Tho  intriLsions  of  this  rock  usually  form  larger 
JJ^^^^^^^"*^  sills  than  tho  porpli^Tites.  In  one  instance,  on  Ben  Larachan' 
niacic^Mount  plug-lik©  mass  of  the  rock  was  mo  ppod,  roughly  circular  in 
n\\i\  (noil  outlino.  This  porohyritic  type  of  an<ritc-diorit;e  ib  not  known  to 
Slum.  (Mr.  ^.y^^  .rrnnite.  Tho  proportion  of  tblsoar  to  aucnte  and  hom- 
blondo  otten  varies  ronsi(lor;ii)ly  ;  it  is  ni  tho  tikto  Iflspjithic 
varieties  that  the  spultt-fl  appearance  above  referrtd  to  is  so 
marked.  Under  tlie  niiciosc ope,  a  8|x?cimen  [8022]  from  Me»ill 
an  Laok;h,  shows  large  purphyritic  augites  resembling  the 
aiigito  01  the  monzonites,  tnougli  not  so  iiesh,  with  well-detincd 
crystal  outlines  and  zonal  structure  seen  under  crossed  Nicols. 
Maiginally  they  are  partially  rejilaced  by  greenish  hornblende. 
The  rest  of  the  rock  is  diuriii*  In  appearance,  and  consists  of 
plat:fiorlaso,  gi*ecn  hornl)leiule,  biotite,  find  some  accessory 
niat^nuiite.  The  Viidlite  a])pears  in  scattered  flakes,  often  in 
groups  in  optical  continuity,  recalling  a  similar  feature  in  tho 
monzonite.  This  appearance  seems  to  be  duo  to  the  biotito 
being  moulded  on  the  felspars.  The  plagioclase  is  mostly 
idiomorphic,  and  there  would  appear  to  be  also  a  certain  amount 
of  interstitial  orthoclase,  thougn  all  the  felspar  is  so  tiurbid  from 
decom[)osition  that  this  point  cannot  \yc  definitely  dt^torn\ined. 
It  is  intrrosting  to  note  certain  ap]iarf*nt  ptnnts  of  relationship 
between  this  type  of  augite-dionie  and  the  monzonites.  The 
addition  of  olivine  and  the  eliniinaliou  of  the  hornblende  would 
give  a  rock  resembling  the  olivine-mouzonite  of  Glen  Orchy. 
Its  mode  of  occurrence  also  resembles  rather  that  of  the  mon< 
zonites  than  that  of  the  ordinary  porphyrite  and  diorite  sillsi 
The  sill-like  mass  of  this  rock  on  Meall  an  Laoigh  is  cut  by  two 
small  intrusions  of  quartz-porph\Ty. 

The  lampro|>hyres  constitute  a  rather  ill-defined  Lfi  on]).  between 
which  and  the  diurites  and  ])orphyrites  there  seems  to  be  no 
liard  and  fast  line.  They  are  found  in  large  numbers  in  the  Glen 
Shira  and  Ben  Bhuidhe  parts  of  the  district,  but  in  a  northerly 
and  north-westerly  direction  from  the  upper  end  of  Glen  Shin 
they  gradually  die  out,  and  onl\-  occasionally  occur  among  the 
hills  between  Glen  Orchy  and  Glen  Strao.  Many  of  them  nave 
already  been  mapped  and  descriV)ed  by  Mu.  IIiLL.  Frequently 
they  are  bi^dily  micaeeous,  resoinMing  typical  mica-traps. 
Varieties  containini;  a  large  propurLion  oi  hornblende  are 
common.  A  sill,  nreviously  mapjxju  by  Mr.  Hill,  north-north- 
west of  Corryghoil,  near  Dalmally,  is  seen  under  the  microscope 
[8615]  to  be  a  typical  camptonite.  It  contams  abundant  idio* 
morphic  brown  hornblendes  in  elongated  crystals,  plagioclase, 
orthoclase,  interstitial  (piartz,  and  accessory  magnetite.  Sills  of 
this  type  are  nnmemns  m  Glen  Shira,  Glen  Orcny,  and  on  Ben 
Sroino,  between  Glen  Orchy  and  Glen  Lochy. 
kiituelfort  Dnrin^'  the  past  year  Mu.  Symes  has  continued  his  survey  of 
R*G*s"  i  ^^^^  ilistrict  between  Oban  and  Loch  Melfort.  To  the  south  of 
*»'»y""*"')  of  tiie  Lome  volcanic  rocks,  from  Kilmelfort  as  a  centre, 

he  has  map^^ed  tho  schists  and  other  crystalline  rocks,  which 
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emcrgo  from  lunler  tho  Old  Red  Sandstone  scries.  In  the  Kilmelfort 
Diichajra  Bum  dark  calcareous  slates  are  met  with,  which  die-  p^^^g* 
play  a  metamorphosed  character.  They  have  been  converted  * 
into  calc-silicate  hornfcls,  and  they  nro  associated  with  epidiorite 
and  limestones.  Inter bodded  witli  these  stnita  ut  Icnst  one  sill 
of  intrusive  opidiorite  Tivty  ho  (^hserved,  hnt  .t^  the  sedimentnr}' 
rocks  iire  very  mni  h  t(>](l«  d,  it  is  ciuite  possible  that  the 
successive  exposures  ai' t  pidioritt?  may  Ix)  due  to  tlie  rwippciir- 
ance  of  the  same  sill  owing  to  folding.  Above  the  second  bend 
of  the  stream  and  black  slates  are  succeeded  by  the 
great  siU  of  cptdiorite  which  caps  Cam  Duchara  miles 
south-eiist  from  Kilmelfort),  the  lii^hest  point  of  the  ridge.  The 
fact  that  Hmestones  and  black  slates  are  found  on  one  side  of 
this  sill,  and  grey  slates  and  quartzites  on  tho  other,  seems  to 
point  to  an  order  of  sn(  (  (ssion;  and  as  Mksshs.  Hill  and 
rocDCK  have  detected  shale  tragments  in  the  quartzites,  it  may 
be  inferred  that  the  succession  is  an  ascending  one  from  the 
limestones  to  the  quartzites. 

On  the  shore  iH  two^'ii  K.imcs  Bay,  two  miles  south-west  of 
Kilmelfort  and  Rudh'an  Koin  on  the  east,  the  s(;hists  have  not 
been  mn<  h  changed  into  hornfols;  as  nearer  the  granite,  to  bo 
afterwards  referred  to.  but  oc<  ur  for  the  nio<<t  p.trt  as  phyHitc  s 
with  calciireous  hinids,  whieli  at  one  point  .swell  out  into  bands 
of  limestone,  or  perhaps  dolomite,  folded  uj^on  tliem.selves  so  as 
to  be  repeated  over  and  over  agaia  Sometimes  these  folds  are 
isoclinal,  thouifh  they  often  appear  to  be  regular,  the  direction  of 
cleavage  seeming  to  be  almost  invariable  with  a  high  south- 
oa&terly  dip.  South-east  of  Tralaif^.  throe  miles  to  the  north-east 
of  Kihiiclmrt,  thick  limestones  withmit  shales  are  folded  with 
the  r  pidiorites.  The.se  strata  ri  ap|H  ar  to  the  east  of  Loch  a' 
Chaoruinn  and  of  Loch  a'  Mliinu,  where  they  foriii  a  smfiU 
escarpment  on  which  lies  the  basal  breccia  of  the  Lower  Okl  lied 
Sandstone.  East  of  Loch  na  Sringe,  seven  miles  north-east  of 
Kilmelfort,  thick  limestones  folded  up  with  siliceous  schists^ 
epidiorite,  and  black  slates,  are  overlain  imconformably  towards 
the  north-west  by  the  andesitic  sheets  of  the  Lome  volcanic  series. 
Most  ot"  tlieso  limestones  eould  be  used  for  economic  purposes. 
West  of  Jjoch  a' ( 'hrenehain  (  ih)ee  uj lies  east  from  Kilmelfort), 
and  of  I»ch  a'  Chaoruinn,  numerous  thin  bands  of  limestone 
Q^m  form  rapid  folds  with  epidiorite  and  black  schists,  and  on 
the  south  pass  under  the  Lower  Old  Bed  Conglomerate,  from 
which  they  again  emerge  at  the  southern  outcrop  of  the  con- 
glomerate  in  Gleann  Mor  Bum.  The  calcareous  members  of  tho 
schi!^tose  series  have  a  wide  extension  in  this  reinon.  Ten  miles 
to  the  south  of  KilmeUbrt,  in  the  road  east  ot  Salachary,  lime- 
stones with  pebbles  of  quartz  sometimes  an  inch  in  diameter 
are  flanked  with  schistose  epidiorite. 

Besides  the  limestones,  the  sills  of  epidiorite  form  conspicuous 
features  in  the  geolocy  of  this  district.  Thus,  the  great  sill  of 
Cam  Duchara,  already  referred  to,  is  a  thick  sheet,  which  seems 
to  he  repeated  in  rather  sharp  folds.  The  rock  of  this  sill 
is  highly  basic  and  rather  hne-grainod,  so  that  it  has  been 
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Kilmelfort    susceptible  of  marked  clo«ivage  over  tlio  greater  part  of  its  extent* 
iH  ^riet.  (\Tr.  j^jjg  cleuvage-plaiies  being  nearly  vertical,  but  inclined  to  the 
.u.  y*"***-)  Near  the  top  of  the  hill  in  several  places  cfrey 

slates  are  seen  to  be  foldofl  with  the  epidiorite.  .ind  at^iiin  further 
to  the  north,  beyond  Loeh  a'  Ghiile,  thin  e^ikvs  ot  slate  are  seen 
adhering  to  the  surliice  of  the  sill,  and  minutely  crumpled 
along[  with  it  If,  as  is  probable,  this  marks  the  upper  surface  of 
the  sill,  it  oonfonns  almost  exactly  to  the  form  of  the  ground. 
About  quarter  of  a  mile  north-oast  of  Loch  a*  Ghille  a  second 
sill,  or  perhaps  a  branch  of  the  one  under  consideration,  is  quite 
like  the  first  in  texture,  havinir  norphyritic  cryatnls  scattered 
throiiL^di  till'  tine  light-green  ,L,MtMniamass.  Along  the  north  face 
of  the  hill  the  denudation  of  the  folds  in  the  e})i(li()rite  has 
exposed  the  underlying  dark  slates,  which  coincide  with  hollows, 
whilst  the  ed^es  of  the  epidiorite  sheets  Ibrm  crags.  The  first 
few  feet  of  this  sill  next  to  the  dark  slates  present  a  highly 
vesicular  and  amygdaloidal  texture,  the  cavities  l>eing  small  and 
globular,  and  only  elongated  where  they  have  been  affected  by 
the  pressure  which  has  been  applied  subsequent  to  the  consolida- 
tion of  the  rock  and  the  innlling  of  the  vesicles.  Where  the 
kernels  have  weathered  out  the  rock  is  so  celhdar  as  closely  to 
resell iblc  a  lava,  which  the  rock  may  possibly  have  been.  The 
vesicular  band  follows  each  of  the  folds  along  which  the  black 
slates  are  exposed.  On  the  south-western  face  of  the  hill  the 
foldings  seem  to  l)c  more  intense,  for  the  upper  porphyritic 
layers  of  the  sill  which  make  up  the  greater  pirt  of^  the  ridge 
plunge  nt  once  vertically  dowuwarfls,  and  are  succeeded  by  grey 
ilanxv  slates,  likt-  iho  rock  that  adheres  to  the  siirface  of  the 
e|3iihorite,  but  quite  unlike  the  underlying  black  slate  associated 
with  hmestonos.  As  to  the  rock  of  the  hill  itself,  it  is  basic,  fine- 
grained both  above  and  below,  and  coarse-grained  in  the  middle. 
In  niany  parts  the  fine-grained  rock  has  been  cleaved  into 
chl(  rill'  and  epidotic  slates  or  j9ags.  Kvcn  where  the  rock  is  not 
much  deformed  by  cleavage,  it  is  liiglily  epidotic  and  chloritic, 
wliich  gives  it  a  \[^\\t  sage-green  colour.  It  also  supports  a  crust 
of  light-coloured  lichen,  which  makes  its  crags  conspicuous  * 

To  the  east  of  Loch  Pciirson,  close  to  Kilmelfort,  epidiorites 
are  a^mn  soon  to  he  folded  with  quartzites,  siliceous  schists,  and 
occasional  phyllite  bands.  The  quartzites  dip  about  15"*  east, 
their  schbtosity  is  inclined  at  an  n  iglr  of  about  80".  Mb.  Teall, 
to  whom  specimens  wore  submitted,  remarks  regarding  the 
epidiorites  of  this  *•  (hat  tViey  are  not  typieai  epidiorites, 

but  being  so  (dosdy  allird  to  theni  must  be  grouped  along  with 
them."  One  uf  the  sjRv.iiucii.s  ho  de.s<  rilx-'S  as  epidiorite  (amphi- 
bolite,  with  zoizite  aud  epidote),  and  of  another  he  writes  that 
"it  contains  chlorite,  biotite,  water-clear  felspar,  and  a  little 
quartz."   Around  Kilmelfort  the  epidiortt<%  form  great  ridges, 


*  It  may  have  been  thw  highly  epidotii^ed  rock,  or  some  .similar  maait, 
esperially  the  vory  vesicular  part  that  has  Iteen  the  sonrot^of  certain  venicu- 
liir  cpi<loti<'  ba-sic  nK-k-pcbbles  in  a  c<)n;;lomurate  on  ihr  IsIiUKl  of  Ki  rrera.. 
See  Smtmaty  qf  the  J*rogre$$  o/  the  Gtoloffical  Survey  iot        p.  83. 
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tliat  stretch  in  the  direction  of  the  schistosity  of  the  uietamorphic  KiiineifoH 
rocks,  the  phyllit^,  quartzites,  and  liniestones  having  i^""!"*}!! 
denuded  on  the  lower  ground.  The  tons  of  the  ridges  are  strewn     '  '  ^'"^"^ 
with  massive  angular  blocks  of  the  epiuioritc. 

Tho  most  novel  and  inte  resting  ftjaturo  in  Mh.  Symks' recent 
surveys  has  be(?n  the  disfovorv  of  a  number  t»t  previously 
unobserved  bosses  of  granite  rising  through  the  st  hisUs  m  tho 
Kilmelfort  district  These  gianites  may  he  of  the  same  age  as 
that  of  Ben  Oruachan,  and  thoy  have  produced  a  similar  meta- 
morphism  in  the  surrounding^  sedimentary  rocks. 

Lp  to  the  present  time  si.\  exposures  of  granite  have  been 
mapperl  to  the  south,  east,  and  west  of  Kilmolfort.  These  are 
not  nnjnobably  all  extrusions  from  tho  sjimo  niaj^nia  nndornoath. 
One  of  them  occurs  on  the  high  gruund  four  milt  s  soutli-west 
from  Kilmolfort,  between  Karnes  farm  and  Asknish  on  the  south 
side  of  Loch  Melfort  Another  upjxars  in  the  low  ground  at 
Tullich  Farm,  near  Kilmelfort  Two  hundred  yards  east  of  tho 
manse  a  small  exposure  may  be  seen  in  tho  road  leading  to  Loch 
Avich.  Two  otlior  outcrops  were  noted  iiiGleann  DomnaiTi,  four 
miles  to  tho  sontli-east  ot  Kihiielfort,  while  one  was  found  on  the 
north  slion-  nt"  Ijoch  a'  Chaourinn  three  miles  east  from  that 
Tillage.  Besich's  these  bosses  numerous  veins  cut  the  schists  and  - 
emdiorites,  and  convert  the  former  into  homfels.  The  granite,  in 
all  cases,  is  fine  grained,  with  a  preponderance  of  biotite»  and  the 
occasional  ocriuTence  of  hornblende.  Tn  no  part  of  this  district 
has  the  granite  been  observed  to  make  its  appearance  close  to 
the  Lower  Old  Red  Conglomerate,  nor  have  any  blocks  of  it  been 
found  in  that  formation.  Mh  PKAnr,  who  insperted  the  ground 
surveyed  by  Mu.  Svmeh,  t  iikI  that  "the  Tuilich  granit<)  is 
remarkably  like  some  of  tho  small  bosses  which  occur  al>out  tho 
Loch  Doon  granitic  mass  in  Galloway."  The  phyllites  as 
thev  approach  the  granite  become  a  dark  micaceous  homfels, 
and  the  calcareous  beds  are  altered  into  calc-silicate-homfels. 
Near  the  granite  some  of  the  strata  assume  a  coarse  gneissoso 
structure,  and  probably  contain  cordierite.*  At  the  soiitb  east 
corner  of  the  Tuliieh  niass  a  dyke-like  projection  of  the  decaying 
granite  apjjc^irs  to  trunwiLo  a  sill  of  felsito,  showing  now- 
structiurc,  mtercalated  between  the  bedding  planes  of  tho 
homfels.  The  form  of  the  granite  mass  sugi^est^  that  the  visible 
ro<^k  is  tho  top  of  a  boss  from  which  the  s(4iists  have  not  t)oen 
entirely  removed.  In  its  centre  a  |)jitch  of  schist  may  bo  seen 
adhering  to  the  ;j:T;inite,  while  the  .schists  an;  |K*rvaded  in  every 
direotioii  by  strings  of  tine  Lfrain<Ml  granite,  and,  Tnor«'ovcr, 
fragments  (»t  the  seliists  have  beejj  floated  otf  into  tin  ifranito. 
The  hne-grained  character  of  tho  eruptive  rock  favours  tho 
suppcmition  that  nowhere  is  tho  granite  now  exp>sed  far  from 
its  original  margin. 

On  the  hill-sh^pe  above  Tullich.  near  the  northern  edge  of 
the  ^nitc,  I  dyke  of  [)orphyrite  about  two  feet  actress,  and 
showmg  chilled  edges,  cuts  the  granite.   A  little  farther  down 


*S«e  Hvmmary  qf  Prognts  for  18tm,  p.  86. 
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Kilmelfott    the  slope  a  sill  of  felsite  with  flow-structiiro  has  been  intruded 
K  (rsym«!i**'^*^°^  ^®  hcdding  planes  of  the  schists  (here  altered  into 
homfels^and  appears  to  be  truncated  against  the  maigin  of  the 
granite.   As  tins  sill,  like  that  on  the  south-east  comer,  does 

not  ]icnetrate  the  ^^ranite,  tbo  granite  would  seem  to  be  lat«r 
tliaii  the  f(  Isito.  it  may  bo  added  that  a  vein  of  the  granite 
occurs  in  iho  honif(^ls  near  the  farm  of  Tullich  on  the  west 
side  of  the  felsite  sill,  as  if  the  sill  were  cut  by  the  granite, 
though  the  actual  junction  of  the  two  rocks  Is  not  observable. 
The  uttle  isolated  granitic  mass  on  the  road  two  hundred  yards 
east  of  the  manse  changes  the  phjUites  into  homfels,  ana  the 
limestone  into  marble. 

In  all  the  area  surrounding  the  several  granite  masses,  the 
schists  have  Ixsen  convcrtod  into  hornfels.  The  limits  of  this 
metanioruhism  are  not  easily  detinable.  In  some  cases  hornfels 
may  be  observed  without  the  visible  presence  of  any  granite ;  it 
may  therefore  he  inferred  that  there  may  be  considerable  bodies 
of  granite  below  ground,  which,  though  thev  have  affected  the 
oTerlying  strata,  have  not  yet  heen  laid  bare  Dy  denudation. 

AmoiiL^  the  various  instances  of  the  occurrence  of  molizonite 
already  n  fi  rred  to  (aitfr,  p.  48),  allusion  was  made  to  oneohservod 
by  Mn.  SvMKs.  It  forms  a  dyke  twenty  feet  broad,  running  in  a 
norlh-wesl  uud  south-east  direction  south  of  Lochan  a'  Bhailis, 
six  miles  north-east  of  Kilmelfort.  No  other  example  of  the 
rock  in  situ  has  yet  been  detected  in  the  district  A  large 
erratic,  probably  from  the  same  dyke,  but  not  from  the  same 
locality,  is  to  DO  seen  on  the  ATich  road,  a  little  north-cast  of 
Lagalochan, 

Two  innssos  of  highly  crystal  lino  ])nrphynte  wore  mapped 
east  of  Kilmelfort.  One  ol'  these  occurs  on  the  north  shore  of 
Loch  Losgainn  Beg,  and  the  other  more  to  the  east  of  Loch  a* 
Mhinn.  It  may  bo  inferred  that  from  these  sources  the  blocks 
were  deriyed  which  form  the  hulk  of  the  undermost  layers  of 
the  Lower  Old  Red  Conglomerate  in  that  neighbourhood.  At 
Rudh  *an  Tighe  Loisgte,  east  of  Karnes  Bay,  s.  veral  sills  of  pink 
porphyrite  may  be  noticed  which  do  not  quite  follow  the  bedding 
of  tne  schists  hnt  oftfm  pass  ohliqnely  across  from  bed  to  boa 
These  rocks  pn  smt  close-grained  or  chilled  edges  against  the 
schist,  and  at  least  one  of  them  is  vesicular  m  the  centre. 
Porphyrito-dykcs  are  rather  uncommon  in  this  district  in  com- 
parison with  the  enormous  number  of  Tertiaiy  basalt-d}  kes. 
Tliree  examples  of  them  can  bo  traced  from  the  south-east  of 
Kilmelfort,  m  a  north-north -east  direction,  cutting  firet  the 
limestones,  phyllites.and  epidioritcs,  further  north  rising  through 
the  Lower  Old  Bed  Sandstone  and  its  volcanic  scries,  then  once 
more  through  the  schists  and  epidioritcs  east  ul  Loch  Tralaig, 
whence  they  hold  on  to  the  north,  again  traversing  the  Lorne 
andesitic  lavas  near  Oban,  and  then  striking  for  Loch  Etive. 
Nearly  all  the  porphyrite  dykes,  but  more  especially  those  seen 
cutting  the  Lome  andcsiti  s  and  Lower  Old  Conglomerate,  have  a 
north-north-east  and  soT]t li  sonth-west  direction.  A  mile  and  a 
(Quarter  north  of  Kilmelfort  a  porphyrite-dykc  that  cuts  both  the 
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epidioritos  and  and'^it^  s  assumes  a  columnar  structure,  where  it  KUmcSfort 
travem  s  the  lava  sh(  cUs.  ^^o'svnic?) 

Nearly  all  the  margins  of  the  porphyrite  dykes  show  under  "  *  •  '  ' 
the  lens  flow-structure.  For  instance.'  in  a  gully  half  a  mile 
south  of  Loch  Los^in  the  jwrphyrito  dykes  are  edged 
with  "  riuxion-felsite."  A  large  mass  of  ft  !sit«'  rises  on  the  hill 
south  of  Kamas  Farm,  near  to  tlie  uranito  already  referred  to. 
Nnmeroiis  dykes  radiate  from  this  fclsito  mass,  which  cut  the 
nictaiiiorphic  sedimentary  sorios  ;  hut  no  felsite  dykos  have  hceu 
found  intrusive  in  the  granite  or  Lower  Old  Red  Conglomerate. 
On  the  east  side  of  Loch  nam  Ban  a  rock  has  been  noticed 
which  has  been  identified  hy  Mr.  Teall  as  a  lamprophyre,  but 
its  relations  to  the  adjacent  mass  of  porphyrite  or  felsite  are  not 
observable.  Another  dyke  of  lamprophyre  cuts  the  epidioriio 
mass  which  bounds  the  felsite  halt  a  mile  south-east  from  Loch 
nam  Ban,  and  Avhidi  lias  already  hern  referred  to  as  niulerlying 
tlx-  conglomerate,  but  here  again  the  nlulions  of  the 
lamprophyre  to  the  felsite  are  not  shown.  In  the  road 
section  north  of  Lagaloclian  a  dyke  of  lamprophyre  as  well  as 
sereral  of  porpliyrite  are  seen  to  cut  through  the  epidiorite  and 
the  hornfels-rock  in  connection  with  it. 

With  the  view  of  <nnt  inning  and  completing  the  survey  of  island  of. Inra 
the  Island  of  Jura  in  which  Mr.  \Vit.kt\son^  was  engaged  at  the  i^j^ 
time  of  his  transfer  to  England  he  was  moved  for  a  part  of  the  n»«>n«l 
year  to  Argyllshire,  and  he  succeeded   in   inappmg  a  con- 
siderable additional  portion  of  J  ura  leaving  no  more  than  it  is 
hoped  will  be  finished  during  the  present  year. 

The  part  of  Jura  snrveyed  by  Mr.  Wilkinson  last  year 
lay  chiefly  on  the  western  side  of  the  northern  half  of 
the  island,  and  end»raced  an  area  of  thirty-one  square 
miles.  No  new  feature  of  importance  has  been  noted 
hy  him  among  the  rocks  reeontlv  examined.  The  cpiartzito 
continues  to  display  the  siune  imitnrni  itppearaneo  of  the 
bedding,  concealing  the  system  of  folds  hy  wliich  ihc  strata 
are  no  doubt  often  repeated.  The  apparently  continuous  in- 
clination is  towards  the  south-east  at  between  30**  and  40^.  On 
the  western  coast  line,  however,  from  fiuintallain  Point,^  the 
strata  he  at  a  lower  aiiLrle,  and  are  seen  to  be  rolling  about  con- 
sid(Tahly.  Fine  elites  and  crags  of  these  rocks  rise  on  the  higher 
ridges  such  as  at  Rainberg  Mor,  Dhu  Blieinn,  and  Bheinn  Brcac. 
The  tine  grained  epidiorite  dykes,  lormcrly  noticed  on  tlie 
eastern  side  of  the  northern  area  of  Jura,  have  Ixjen  found  to 
extend  westwards  into  the  area  surveyed  during  the  past  year. 
The  three  more  or  less  pamllel  east-and-west  dykes  stretch 
across  Gleann  Ooisdale,  and  can  be  traced  to  Gleunn  Dorch 
wliore  they  seem  to  die  out.  The  dyke  of  similar  material  which 
traverses  the  island  from  Ardlussa  on  the  east  neross  the  top  of 
Beinu  Bhrcac  docs  not  quite  reach  the  western  shore,  l»ut  slops 
buyuiid  the  soutli-wustern  slopes  of  a  hill  called  Ccann  Min  lui 
Beinne  Brice,  where  it  is  joineci  by  a  basalt  djke  which  is  in  con- 
tact with  it  for  a  few  varda.  Another  epidiorite  occurs  ahnost 
on  the  summit  of  the  nil!  just  mentioned,  running  in  a  north- 
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west  and  south-east  direction.  As  formerly  stated,  although 
these  cpifliorito  dykes  have  the  same  direction  an  the  dolento 
dykes  of  the  Tertiary  series,  they  are  doubtless  of  much  greater 

Island  of  (  iioat  difficulty  liaviiig  been  exnerieiiced  in  the  detorniination 

Way.  {Mr.  oi  the  geological  structure  of  the  Island  of  Islay,  especially  of  its 
wSkiiwrnT/  central  and  northern  parts,  a  strong  effort  was  again  made  to 
discover  the  key  to  this  complicated  aistrict  before  the  publication 
of  the  map.  Accordingly  Mr.  Peach  Joined  Mr.  WiutiNSON  in 
a  critical  examination  of  the  more  important  sections.  Their 
re-examination  was  hi;:rlily  ^'iicce.ssful,  ^vill  bo  seen  from  the 
following  acconnt  which  thoy  have  prepared  of  the  results 
obttiined  by  tlieni. 

The  coast  section  between  Portaskaig  and  Bonahaven,  which 
had  been  mapped  in  great  detfdl,  was  again  critically  examined. 
Between  Bonahaven  on  tho^  north  and  Na  Feamindean  on  the 
south  (a  point  on  the  shore  about  a  mile  north  of  PortAskaig) 
the  strata  were  found  to  comprise  five  groups  in  the  following 
descending  order : — 

6.  Sandy  shales  and  fla^  with  ripple-marks  and  wonH'Casts  (Uke  tiie 
Fucoid  r>e^H of  Sutiienand  and  RossX  with  maBsive  beds  of  cream' 

coloured  dolomite. 

4.  False-bedded  blue  and  white  quartzite  with  ripple-uiarks  and  vertical 
annelid-pipes— thickness  100  feet 

3.  Sandy,  rusty,  ripple-marked  and  worm-tracked  shales  and  flags,  with 
a  thin  band  of  dolomite. 

■2.  Quaitzitca  with  a  1)and  of  conglomerate  locxlly  developed  near  the 
top,  containing  well-rounded  pebbles  of  granite  and  other  rooks  similar  to 
those  in  the  Portaskaig  Conglomerate. 

1.  Portaskaig  Conglomerate,  charged  with  well-rounded  pebbles  of 
gmnite,  Kfieiss,  quartzite,  liinc^tnnc,  it*  .,  in  a  aandy  dolomitic  and  some- 
times shiiiy  matnx  ;  with  intercalationa  of  rusty-weathering  dolomite  and 

bands  of  qiiartxitc. 

A  small  fault  or  lino  of  rniKh  npi^onr^  on  tho  shore  ncjir  the 
jiiiiction  of  Groups  1  aii<l  '1,  wjii'  li  probably  does  not  seriously 
allect  the  original  relations  of  tbo  rocks. 

The  section  from  Na  Feamindean,  south  to  Portaskiii^',  is 
almost  a  counterpart  of  the  sequence  given  in  the  foregoing 
table  ;  the  members  of  the  b)ub(  st  Group  6,  heing  visible  at  Na 
Feannndean,  and  the  Portaskaig  C/ongloinerate  at  Portaskaig. 
The  local  band  of  c<  >ML;loinerate  at  the  top  of  Group  2  is,  however, 
absent,  and  a  fault,  |jrobably  of  no  grcjit  amount,  occurs  on  the 
shore  near  the  junction  of  Groups  1  and  2.  It  is  apparent,  there- 
fore, that  an  imf>ortant  structural  fault  runs  inland  from  the 
shore  at  Na  Feamindean,  whereby  the  highest  beds  (Group  5  of 
table)  arc  thrown  down  against  the  exposure  of  the  Portaskaig 
Conglomerate  to  the  nortb.  In  various  sections  between 
Portaskaig  and  liridgend,  the  Portaskaig  Conglomerate  rests 
unconfonnahly  on  the  Islay  limestone  ntid  tbo  associated  blue 
and  black  slates;  indeed,  the  Islay  limesluuo  and  slates  have 
furnished  a  large  proportion  of  the  pebbles  present  in  the 
exposures  of  the  Portaskaig  Conglomerate  of  that  region. 
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From  the  evidenoe  here  giTon,  U  appears  that  calcareous  Island  of 
rocks  appear  on  at  least  three  horizons  m  Islay  in  the  following  P^J- 
descenaing  order  wukfnaon.) 

a)  Dolomites  in  Group  5  of  tabla 

//)  Lenticular  liands  of  dolomite  in  Group  I  of  tabia 
(c)  Limestone  (Inlay  limeatone)  a^^soriaterl  with  blue  and  black  slates, 
and  unconformably  overlain  by  the  rurta**kaig  Congloinerato. 

Sixty-nine  specimen?;  of  ealparcons  rooks,  taken  from  these 
hori^sons  in  Islay,  Imve  ben  tested  l>y  Dii.  r<>Li.Ai!i>,  who  reports 
regarding  them  that  the  bunds  iu  Groups  i  ami  5  are  dolomites, 
while  thofio  associated  with  the  slates  beneath  the  Portaskaig 
Conglomerates  are  limestones. 

The  two  confirmatory  sections  between  Portaskaig  and 
Bonahavon  nppi  ur  to  indicate  the  original  order  of  succession  ot 
the  straUi.  Alter  Mr.  Pi:a(  n's  de{)ai  turf',  sovorfil  weeks  were 
spent  by  Mr.  Wilkinson  in  tracing:  tin;  various  subdivisions 
anovc  enumerated  over  the  inland  an-a  between  lirid;j^end  and 
liuadli  a'  Mhail.  The  groups  were  ioimd  to  be  remarkably 
persistent,  and  to  furnish  Taluahle  aid  in  working  out  the 
structure  of  that  region.  In  general,  it  may  he  said,  that  thev 
are  repeated  hy  a  series  of  sh^  fnlcls,  the  long  axes  of  whicn 
run  north-east  and  south-west.  In  some  cases,  owing  to 
faulting,  only  ono  hmh  of  the  fold  is  represented 


Island  of  Airan. 

Probable  Arentg  Rocks  op  the  Higtiland  Border. 

In  fonner  Aruiual  lb;ports  of  the  Cfooloj^ncal  Survey  ret<M(?nc(? 
has  been  made  to  the  niscovory  of  a  band  of  rocks,  j)ossiibly  of 
Lower  SUurian  age,  which  have  been  wedged  in  alon^  the  iault 
at  the  Highland  Border  hetwcon  the  Lower  Old  Rod  Sandstone 
and  the  crystalline  schists  and  grits.*  Those  rocks  have  heon 
traced  at  intervals  from  Kin  rdineshiro  to  DiimbartoiLshire. 
Thoy  consist  of  graphiti  •  shales,  slates,  or  schists.  Idivck,  grey 
and  red  cherts,  and  various  dull  green  rocks  of  igneous  orii^nn. 
some  of  which  are  probably  lavas,  while  otiu  rs  are  ifitriisive. 
This  association  of  black  shales,  cherts  and  volcanic  aiid  intrusive 
'rocks,  so  closely  a  repetition  of  that  which  characterises  the 
Arenig  series  over  the  Silurian  uplands  of  southern  Scotland, 
led  to  the  snspiclon  that  these  Highland  Border  rocks  mirht 
prove  to  be  of  l^wer  Silurian  age.  The  suspicion  was  further 
strengthened  by  the  finding  of  11,/  n<J<frnr  in  tho  cherts, 
precisely  as  tlicso  or«jranisrns  occur  in  the  cherts  ol"  the  Southern 
Uplands.  A  much  more  extensive  development  of  jjroba))ly  the 
same  belt  of  rocks  has  been  dctectedfar  to  the  south-west  in  County 
Tyrone,  where  the  igneous  accompaniments  are  particularly 
conspicuous,  embracing  lavas,  agglomerates  and  tufmf 

♦  See  Anmud  Heports  for  1893,  1805,  and  189G. 
t  A.  Gsikie,  Anciemt  Voleanoet  qf  Bt'itain,  vol.  L,  240. 
9>71  B$i 
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North  Glen       DurinLT   iho  [wst  your  unotlicr  link  in  the  long  cluiin  of 
S^nnox.  (Mr  evidence  has  boon  found  hy  ^h\.  (Irxx  in  tlio  isUiml  of  Arran, 
*  wliieh  thus  eonnccts  the  St irliiii^-sliire  section  with  those  of 

Irelaiul.  Though  there  is  the  slnmjjcsl  presuiupLion  that  the 
roeks  iu  question  should  be  regarde(l  as  of  Lower  Silurian  age,  ' 
this  account  of  an  additional  development  of  them  is  meanwhile 
retained  in  the  present  section  descriptive  ot  the  Dabradian 
rocks,  but  further  allusion  will  be  macie  to  them  at  the  end  ol 
the  account  of  the  Silurian  roeks  (p.  82).  Mr.  Gunn  has 
supplied  the  following  notes  roi^ardinLr  their  occnrroTicc  in  Arran. 

A  strip  of  rocks  that  can  be  .se|t.irated  from  tlie  ordinary 
.schists  of  the  island,  has  been  ftMuid  to  be  well  deYelo|>ed 
in  the  valley  known  as  North  Glen  Sannox.  It  crosses  the 
glen  from  south  to  north  at  a  distance  of  rather  more  than  a 
mile  from  the  sea.  It  is  upwards  of  a  mile  and  a-half  long,  and 
from  100  to  400  j  ards  brojul,  having  its  narrower  width  at  the 
northern  end.  Ihe  rocks  in  this  strip  of  <»Tound,  so  far  rnn 
he  <if'cn,  are  not  sepniatcd  by  any  structural  line  from  tlie 
ordinaiy  schistoso  i^rits  ot  the  Highland  .series,  which  they  follow 
with  no  apparent  biwik.  Nor  do  they  difi'er  in  d(^ree  of  meta- 
morpliism  from  the  contiguous  Highland  schists.  A  closer 
examination,  however,  reveals  some  characteristic  features  which 
have  not  been  met  with  among  the  schists,  but  which  precisely 
resemble  those  already  detected  in  the  suppo.sed  Arenig  rocks  of 
the  Highland  border.  Thov  consist  of  Vwark  shales  or  schists 
and  cherts,  with  some  ))auds  ot  i<:neous  rock,  which  probably 
im^hide  lx)th  voluiuic  ami  intrusive  bands. 

The  black  shales  and  cherts  are  associated  together  as  they 
occur  in  Stirlingshire,  and  also  in  the  band  of  similar  deposits 
intercalated  with  volcanic  rocks  in  the  Arenig  group  of  Ayrshire. 
The  black  shales  are  partly  in  the  condition  of  phyllit^ 
and  much  corrugated  in  places.  The  cherts  are  apprecial>ly 
granulitized,  and  rcsrinlile  in  stnictnro  tho>o  portions  of  the 
cherts  which  approach  (lie  trrnnite  ol'  the  Southern  Uplands.  In 
this  condition  such  rocks  have  usually  had  their  organic  remains 
obliterated.  No  trace  of  reuUoUtria  has  yet  been  found  in  the 
Airan  cherts.  The  most  prominent  members  of  this  group  of 
rocks  are  those  of  igneous  origin,  and  the  important  fact  has  now 
been  (h  Hnitely  ascert^iinod  in  Arran,  that  they  include  un- 
dnn1»le<l  l.ivas  and  voleanic  agglotnerate.  Tiiey  oronr  inter- 
Ciilatetl  with  the  black  shales  or  schi.sts,  and  cherts,  as  bands  of  a 
dull-pfreon,  ducomposiiiff  maNTial,  which  may  be  most  con- 
veniently named  in  the  meantime  "greenstone."  Liltc  their 
associated  sedimentary  accom]>animent8,  they  have  undergone 
some  deformation,  and  have  passed  into  the  condition  of 
epidiorite.  So  far  as  the  examination  of  the  rocks  has  yet 
advanced,  the  whole  of  them,  igneous  and  aqueous,  are  in  the 
same  condition  of  metamorphisni  as  the  schists  to  the  north  and 
west  of  them.  They  In  ve  an  appiirent  dip  to  t  he  east  or  etist- 
soutli-east,  stand  at  high  angles,  even  as  much  as  dO'\  but  there 
is  no  mcan3  of  deciding  which  is  top  or  bottom  of  the  series.  They 
have  undei^ne  much  plicaUon,  which  is  specially  observable  in 


Digitized  by  Google 


PBOBABLE  ARENIO  ROCKS  OF  ABBAN. 


69 


the  intercalations  ot  black  schist.  They  are  tlanked  on  cither  side  North  Glen 

by  schistose  grits  of  the  ordinary  Southern  Highland  type.    The  w^'q^'^^J' 

strip  of  rocks  now  doscribedjs  cut  off  at  the  southern  end  by  the 

intrusion  of  the  Arran  granite,  at  tlio  north-east  end  of  Suidhe 

Fheaighas,  while  their  northern  boundary  Is  a  fault,  which  brings 

down  atpiirist  them  a  pirt  of  tlie  Lower  Carboni'orous  series. 

The  schistose  grits,  whi^h   }»p|jarentlv  nnd<  rlio  thosf*  ixM-ks. 

are  well  exposed  in  the  North  Sannux  liurn  at   th*-  })ridge, 

while  another  series  of  schistose  grits,  which  apparonliy  overlie 

them,  can  only  be  observed  in  the  main  stream,  and  on  the  south 

side  of  the  glen,  as  they  are  cut  out  on  the  north  side  by  the 

great  Highland  Border  fault,  which  brings  down  the  Lower  Old 

Ked  Sandstone  against  theiu.   This  fault  gradually  crosses  the 

line  of  strike  of  the  i^eous  group,  of  which  consequently  only  a 

portion  is  rc|)rosented  at  its  northern  end. 

The  general  succession  of  the  members  of  this  cfroup  of  ro<;ks, 
together  with  the  overlying  and  underlying  sedimentary  strata 
of  the  Highland  series,  is  apparently  as  follows,  in  descending 
order: — 

1.  Coarse  schi.slose  grits  or  gritty  schists,  weathering  with  a  smooth 
Biirfiice. 

2.  Thiti   hands  of  slaty  sdii'^t,  with  traces  of  d;\rk  schist  or  sbale, 
apparently  alternating  in  places  with  thin  bands  of  greenstone. 

3.  Upper  bed  of  greenstone,  generally  fine-grained  and  quite  scLiHtos*e  in 
places,  with  aome  Icutioular  bands  of  agglomerate. 

4.  r>anfls  of  light  cKlfnirt  d  and  dark  cliert,  associated  with  bands  of 
laminated  l)lack  shale  or  schist,  and  a  hand  of  schistose  grit, 

5.  Lower  bed  of  greenstone,  often  manaive — itcontaina  an  agglomerate 
band  on  the  north  side  of  thf  valley. 

6.  J3aQds  of  black  shale  or  schist,  associated  with  chert,  and  with  some 
fine-mined  slaty  schist. 

7.  Thick  mass  of  strong  and  coarse  schistose  grit,  sometimes  greenish 
and  different  in  character  from  No.  I. 

The  whole  succession  may  be  observed  in  the  North  Sannox 
Bum,  and  on  the  hillside  to  the  southward  On  the  north  side 
of  the  valley,  the  upper  grit  and  greenstone  are  at  first  almost 
entirely  concealed  i»\  Lrlaciiil  drift,  and  evrntually  cut  oft'  b}'  the 
Highland  Border  fault.  In  tlie  lo\ver  part  the  section,  the 
gritty  schists  jiru  well  exposed  in  the  stream,  both  above  and 
below  the  bridge,  where  the  road  to  Loch  Rjuiza  cro.sses.  They 
are  here  traverse*!  by  a  few  basalt  dvkcs.  About  70  yanls  to 
the  east  of  the  bridg<^,  the  coarser  rocK  contains  an  intercalated 
band  of  fine-grained  schist,  and  80  ^ards  farther  down  the 
stream,  dark  schists  are  seen  to  l)e  jissociated  with  a  breccia  ted 
rock,  the  like  of  which  is  Tiict  with  in  several  plaees.  It  is 
com|msed  of  fragments  oi  greenstone,  but  is  not  exaetlv  like  a 
true  volcanic  agglomerate,  ft  inav  possibly  havebt  t  ii  produced 
by  the  brecciation  of  igneous  roek  while  still  in  motion  before 
complete  consolidation.  Above  these  rocks  in  the  main  stream 
comes  the  lower  greenstone  (5  in  Table),  which  occupies  the  bum 
for  a  hundred  yards.  It  is  for  tie  most  partamassiv..^  roek,  niodt  - 
rately  tine-grained  and  of  greenish-grey  colour.  1 1  exhibitsa  well- 
developod  "  pillow-Ktrueture,"  identical  with  that  of  tlio  basic 
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North  Glen  Arenig  lavAs  of  the  Southern  Uplands.  The  chilled  and  rounded 

w""runij'y'^"  ^""J']?"^'*      these  "  pillows,"  and  tho  numerous  amygflules,  a 
.  mu.)    f^}^^yYl  distance  in  trora  their  surfaces,  arc  marked  features. 
The  dark  schist  that  apparently  overlies  the  lower  greenstone 
is  nuich  contorted  in  places,  and  is  accoiiij)auied  by  a  bir(  <'ia 
.similar  to  that  just  incnlioucd.  and  also  by  sonic  bands  of 
i<^ik'oiLs  material.    Tho  cherts  which  are  associated  with  this 
black  schist  are  well  exposed,  about  200  yards  up  the  AUt 
Cam  Bhain.    Some  of  them  are  dark  in  colour,  but  the 
thickest  bands  seem  generally  to  be  light-coloured  or  grey. 
On  the  south  side  of  the  valley,  the  upper  greenstone  rests 
immcdiatolv  on  a  stroiv' irrittv  l^md  ;  the  former  nnich  resembles 
tho  lower  bed,  but  with  the  "  pillow  "  structure  not  so  promineiit. 
lis  u|t})t  r  part  is  here  and  there  so  schistose  that  it  mii^dit 
be  taken  for  the  so-ciilled  '  green  beds  "  of  the  Southern  lligli- 
landa    A  good  exposure  of  the  upper  greenstone  is  to  be 
seen  on  and  about  the  two  small  hills  called  Cnocan  Donna, 
where  the  doubtful  Arenig  rocLs  attain  their  highest  point 
alx)ve   the  sea.     On    each   of   the  knolls  a  band  of  true 
agsflomerate  is  interbedded  ^v'ith  the  Cfroen^tonc.    Those  bands 
are  lonlicular,  and  are  made  up  of  an<;ular  Imgments  of  tine- 
grained  greenstone.    Neither  oi  them  aiu  be  traced  for  more 
than  40  or  50  yards  along  the  strike,  and  the  more  southerly  is 
but  five  or  six  feet  across  at  its  widest  part.    The  other  is 
larger,  and  may  be  as  much  as  30  feet  oroad  in  one  place. 
The  tipper  schistose  grits,  only  partly  exjx)sed  in  tho  main 
burn,  form  a  prominent  feature  on  the  hillside  300  yards  to 
the  seiitlnv.ird.  and  can  be  exanu'ned  a]oii<^'  tho  strike  for  a 
(ioiisiderable  distance  iu  this  direction  till  they  iu  turn  arc  cut 
oft'b)'  the  granite. 

The  lower  greenstone  forms  prominent  crags,  one  of  which 
is  a  conspicuous  object  from  the  road,  about  300  yards  south- 
south-east  from  tho  bridge.  The  same  sheet  of  rock  is  also 
<;onspicuou:  in  the  crags  of  Corloch,  at  the  northern  extremity  of 
the  strij),  aud  it  composes  all  the  erntifs  on  the  north  side  of  tho 
valley.  There  can  lie  little  rioubt  that  iImm'  bands  of  i:;-icenstene 
arc;  true  lavas.  Tbov  pit -.^t  iit  many  jx.ints  ol"  resemblance  to 
the  lavas  of  the  Aivnig  volcanic  series  ol  A\  rshire. 

At  a  distance  of  nearly  600  yards  north  from  the  main  stream, 
and  near  the  Allt  Domach,  a  rock  which  differs  much  in 
character  from  the  lavas  was  the  first  io^neous  mass  noticed  in 
this  pan  of  the  island,  and  was  regarded  as  intrusivo.  This 
view  has  subse(picntly  l)een  corrobonited  bv  the  results  of  petro- 
graphical  exammation.  The  rock,  however,  is  pro!  "ably  nearly  of 
the  same  date  as  the  lavas.  Only  a  few  specmiuns  of  the  rocks 
of  this  presumably  Arenig  band  in  Arran  have  yet  been  examined 
microscopically  by  Mr.  J.  J.  H.  Teall,  who  adds  the  following 
notes  r^arding  them : — 

**[88C6*]  Crocan-Donna,  North  Hannox.  Fine-grained,  greeni.sli-grey 
mas-sive  rock,  composnil  r>f  :  linnte  ]iii>ins  of  nauly  cnlourless  hornblende, 
epidot^;,  leucoxene  alter  iron  ures,  quartz,  and  chlorite.  This  is  evidently 
an  altered  basic  igneous  rock,  a  variety  of  epidiorite.  [From  the  upper 
lava,  Na  3  on  the  Table  on  p,  89.] 
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**  [8667.1   Torr  na  Lair  Brice.  Xorth  Sannox.    A  scn  'arpous  rook,  the  \or!h  GltMi 
cavities  of  which  have  been  filled  with  calcite.   The  main  mas-*  is  formed  Saonox.  (Mr 
of  microlitic  fekpar,  chlorite,  leiioxene,  and  carbonate?.   This,  again,  i«  W.  6iinn.l 
an  altered  basic  igDeoiis  rock.    It  ditfens  tVom  tho  above  in  containing 
rppof^'niHaHe  felspar.    It  is  .  los*  1  y  allied  U>,  but  not  identical  with,  the 
Common  forms  of  pillow  lavas.    iXhis  is  the  lower  lava.  No.  5  of  the 
Tahle-J 

*'[8G88.]  Ton-  na  T^ir  Brice,  near  xMlt  Tornadi.  Moderately  coarse- 
grained  rock  comported  of  patches  of  librous  hornbleade,  relics  of  original 
deep  brown  hornbleude.  chlorite,  plagioclase.  epidote,  and  leuooxene.  The 
original  rock  was  probably  a  horoblende-gaboro.  It  may  W  tLinicd  uralitic 
gabbrr>.  T  liave  littin  doiiVit  that  thiii  rocK  is  intrusive.  [This  Ts  the  rock 
found  nuar  the  Allt  Doriiach  and  referred  to  above  as  probably  intrusive.] 

"[8G80.]  Allt  Cam  Bhain,  North  Sannox,  200  yards  from  foot  of  burn. 
Similar  to  tho  last,  )mt  more  highly  altered.    Chlorite  and  carbonates 
abundant.  (,There  Li  not  suflicieut  evidence  on  the  ground  to  decide 
whether  this  rock  belongs  to  the  lavas  or  is  intrusive.} 

"  The  two  tine-grained  rocka  [hOOO  an-l  '^nn?.]  are  highly  altered  l)asic 
'  trajjs '  (greenstones)  allied  to  tho*e  found  in  a.Hsociation  with  cherts  in  other 
areas.  Tho  two  mediiuu-grained  rocks  are  altered  gabbros  or  diabases 
{8688  and  8669J." 


SlLL'lllAN. 

The  chief  Hold -work  of  thn  jy^'^^  year  aiiionj;^  Silnrinn  forma- 
tions has  lain  in  the  eu.st  ami  snulh  nt  Irt  hind.  whort;  thu  n  vision 
described  in  previous  Sumimirir.H  ufrroyrcss  has  been  contiuued. 
Much  attention  has  necessarily  been  given  to  the  i^^eous 
which  in  these  regions  are  associated  with  the  Silurian 
rocks.  Hitherto  a  large  proportion  of  these  masses  has  been 
mapped  as  consisting  of  lavas  and  tufts  contemporaneous  with 
the  fonnation  in  which  thev  wro  infrr<  aliitod.  But  as  tho 
revision  has  advanced,  an  ever-incrcasinuf  lM>dy  of  evidencf  has 
been  accuimilating  to  show  that  rtw^ks  which  have  l>een  niapjx-d 
as  "asht^"  are  often  of  intrusive  origin,  while  some  of  tliem  are 
grits  or  arkoses. 


Counties  Dublin  and  Wicldow. 

In  resuming  field-work  to  the  south  of  Dublin,  Messrs.  E(iAX  District  West 
and  McHenry  began  by  a  study  of  the  ground  lyin^  to  the  west  <rf 
of  Uie  great  range  of  Leinster  granite,  whore  on  the  puhlished  ■{jjg^j"^**' 
maps  a  nwnber  of  strips  of  "greenstone  ash  "  are  shown  as  inter-  E^in  and 
calated  anions:  the  Sitnrian  strata.    A  carefid  examination  of  wcHeniy.) 
these  rocks  fniltd  to  disclose  a  single  liand  of  vo](  anie  tutt',  all 
the  out^^rops  so  represente<l  on  tho  ma})  being  either  true  fol- 
spathic  grits  or  nioro  or  less  crushctl  basic  sills  and  dylv'  s.  Wliere 
tiie  rocks  liave  escaped  deformation  their  true  nature  has 
generally  been  recognised,  but  the  influence  of  terrestrial  move- 
ments in  inducing  new  parallel  structures  has  only  been  recog- 
nised in  recent  years,  so  that  it  need  not  be  matter  of  surprise 
that  even  portions  of  the  Leinster  granite  were  in  some  instances 
niftpped  as  sodiTiientarv  nijitorial. 

Among  the  ])rin<^ipal  iowiliiii^s  at  wliirh  onliiiarv  s<Mlimentary 
strata  were  mistaken  ior  "ashes"  may  he  meiiiioncd  tlie  D(A>r- 
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Dlairkt  West  park  area  west  of  BlcssiiiL^ton.the  river  LiAey  between  Rallymore 
of  tbeLein-  Eustjvcc  and  rollapluiea,  and  other  places  in  the  adjoining  parts 
*Mei^S"  of  (ho  coirnty  Willow.  Many  other  sections  occur  (Sheet  129), 
i:;.  uiand  as,  for  example,  in  large  miarrios  east  of  Dunlavin;  also  near 
McUeniy.)  Rathhran,  wes{  df  Stratfora,  and  in  the  country  lying  west  and 
north-west  of  Haltinglass. 

The  crushed  ItMsie  ipieous  rooks  (in  Sheet  129)  wore  in  all 
eas»'s  taken  t  iflier  tor  "  <_,n*eenstune  iisli  "  or,  in  tlie  more  inteiiselv 
sheared  portions,  lor  8ihn"ian  sediments.  Kxanij^^lfs  of  hotli 
tliese  identilieMitions  occur  at  liallyniuonuy,  north  ot  JJonard;  at 
Deerpark,  south-south-west  of  Donard ;  and  within  the  granite 
area  at  Golvinstown.  Those  at  Ballymooney  and  Deer^mrk 
present  features  of  s^x^rial  interest,  seeing  that  bouw  contain 
Targe  crysUils  of  felspixr  (Land)ay  porphyry  type),  while  others 
pass  ina'liially  into  aniphiholite.  Tno  varied  offeets  of  the 
underL^rouiid  movements  that  gave  rise  to  the  deceptive  appear- 
ance of  bedding  are  well  displayed  there. 

The  results  of  his  study  of  the  microscopic  structure  of  the 
grits  and  igneous  rodcs  Wing  to  the  west  of  theLeinster  granite  has 
been  prepared  by  Mr.  Henry  J.  Seymour,  and  will  be  found  on 
p.  17(). 

In  the  |x^rtion  of  the  county  \Vi(;klow  west  of  the  granite,  acid 
ii^iK  ous  rocks  do  not  occur.  In  the  adjoining  p  n  t  of  county 
I  Mil »hn,  however,  near  Rathcoolc  (Sheet  111),  dykes  of  felrttono 
(nianped  as  "el van")  cut  across  the  beds  of  slate.  These  re- 
semUe  many  of  the  felstones  associated  with  the  basic  rocks  east 
of  tlie  ^nite. 

District  EMt    On  the  east  side  of  the  granite  (in  Sheets  120, 130.  and 
oftbe  I.cin-   rocks  which  have  liitherto  been  regarded  as  occurring  in  the 
h»rm  of  contemporaneous  "ash"  have  lieen  found  by  Messrs. 
Egan  and      Egan  and  McHenry  to  be  citlier  cruslied  igneous  rocks  or 
AfcUenry.)    occasionally  non-pyroclastic  sediments.    So  tar  as  these  observa- 
tions have  yet  gone,  tliis  correction  has  invariably  had  to  be 
made.   As  the  revision  is  carried  southward  in  detail  into  the 
County  Wexford,  it  remains  to  ascertain  how  far  other  areas 
really  include  contemporaneous  "  ash(\s."    From  a  cursory 
examination  it  is  surnnsed  that  \v\U'  tnHs  may  pos.sibiy  occur 
in  the  igneous  area  stn  te1ii]}g  soiith-we.st  from  Carrigadaggan* 
(north-west  corner  of  Sht  1 1  !(»!»)  towards  Waterford. 

The  oldest  igneous  rocks  east  of  the  granite  are  the  basic 
varieties,  which  occur  as  ordinary  dioritcs  or  as  andesites.  In 
Wicklow,  examples  are  met  with  in  the  Bray  Head  railway- 
cutting,  and  at  Grcystoiios  (Sheet  121).  Southwards  ( Slieet  130) 
thev  exist  a  short  distance  .south  of  Roundwood,  and  in  the 
mountain  overhnnpfinLr  the  nnrtli  side  of  the  Ujiper  Lake  at 
GK'ndalough.  Near  floundwood  the  rock  is  a  variolite,  slightly 
altered,  the  variety  at  ({k!n(hdough  being  partly  amphibolite, 
and  [mrtly  line-graincd  diorite. 
These  rocks  are  largely  developed  in  the  south-east  part  of 

*Tlie  name  (Jarripadfiggaii,  which  is  not  on  the  one-inch  map,  i'^  tliiit  of 
a  ftwail  locality,  an  puhliijhed  in  the  nteniuir  ot  Sheet  IGU.  It  in  a  tuwnlanti 
"Ubout  »3veii  miles  east-aouth-eaat  from  New  Hcw& 
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Sheet  130,  especially  in  the  Avonmore  River  valley  south  of  iHstrict  East 
Bathdrum,  and  in  the  vicinity  of  Westaston  and'  Kilmacrea    *he  Lein- 
Upper,  about  three  miles  east  and  south-east  respectively  of 
Ratndnini.    They  also  form  knoljs  in  the  hilly  gi'ound  near  the  i^gaii  and 
coast  in  the  vicinity  of  Bocklield  House  and  Brittas.    Many  minoi  MeHemy.) 
dykes  of  diorite  also  occur  along  the  coast  southward  ftom 
Wicklow  Head. 

As  a  rule  ilie  true  iuirusivc  character  of  these  basic  rocks  has 
been  fairly  recognised  and  expressed  on  the  published  ukaps; 
but  where  they  have  acqiured  a  fissile  stnietuzQ  from  crushing 
and  deformation  they  have  been  mistaken  for  sediments. 

The  microscopic  characters  of  thasc  rocks  as  developed  near 
to,  and  at  some  distance  from,  the  Lcinster  granite,  have  l>oen 
studied  by  Mk.  Seymour  and  will  be  found  summarised  on 
p.  170. 

The  acid  rocks  were  less  accurately  treated  by  the  older 
observers.  Hence  considerable  moditication  of  their  mapping 
has  been  necessary.  In  all  the  cases  hitherto  examinea  the 
supposed  "  felstone  ash  "  has  been  fotmd  to  consist  of  crushed 
felstone  of  intrusive  origin.  Not  only  so,  but  in  a  large  number 
of  instances  what  have  been  regarded  and  mapped  as  inter- 
bedded  sediments  are  roallv  portions  of  true  eruptive  felsite, 
cxce.s.sively  crnsliod.  Al)uiulaut  evidence  of  both  these  con- 
ditions is  found  in  the  Kihtiacoo  mining  district,  south-south- 
cast  of  Rathdrum  (Sheet  130);  also  in  the  railway  cuttings  near 
that  Tillage,  and  along  the  river  yalley  to  the  south.  Fine 
sections  occur  on  the  coast  at  Ardnioic  Point;  at  The  Oastle: 
near  Rockiield  House ;  also  in  the  Ivilmacoo  (listrict  just  now 
mentioned  In  many  of  these  sections  the  rocks  liav(^  a  Ijanded 
structure  showing  fine  and  coarse  materials  made  up  of  l^roken 
felsites  and  pie('cs  of  sedimentary  material.  In  some  instances 
portions  of  pumice  and  lapilli  have  been  detected  Mb. 
Setmour  with  the  aid  of  the  microscope,  though  the  evidence 
on  the  ground  indicates  an  intrusive  origin.  Instructive  sections 
exist  on  the  coast  at  Arklow  Head,  where  many  dykes  of  acid 
and  basic  rocks  are  exposed.  The  pctrogiaphicid  characters  oi 
the  felsitic  rooks  of  this  region  aro  dis<'ussed  on  pp.  170,  180. 

An  interesting  and  prolmhly  inipori.int  ]>oint  bearing  on  the 
ago  of  the  so-c^illed  "ashes"  and  acid  "  lavas"  is  the  connection 
which  ME.SSRS.  Egan  and  McHenuy  believe  the;^  have  established 
between  these  rocks  and  the  great  granite  ndge  of  Loinster. 
In  many  places  masses  which  are  mapped  as  "  elvan,**  but  are 
really  granite,  and  some  of  which  are  acknowledged  to  be  off- 
shoots from  the  main  granite  mass,  pass  into  the  "  felstones " 
and  "  ash,"  as  at  Lewis  Vale,  two  miles  north  of  Arklow,  and  at 
Rock  Little,  two  miles  south  of  that  town.  Tlio  same  transition 
is  .seen  on  a  larger  .s(;ulc  in  the  ('rogliau  KiuslHilagh  district 
south  of  Aughrun,  where  a  granitic  rock,  mapped  as  "ash/* 
graduates  into  felstone  on  the  hill  at  Kilmacrea  Upper,  east- 
south-east  of  Rathdnun.  The  Leiu.ster  granite  was  intruded 
into  the  Silmian  formations  before  the  time  of  the  Carl  tiiferous 
Limestone,  and  is  thus  presumably  of  the  age  of  the  Old  Ked  Sand^ 
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District  East  stone.  The  sheets  of  **  felstone  "  connected  with  it  cannot  there- 
of the  Lein-  f^^p  "kvns"  of  Sihirinn  date.  In  the  CrodiJin  Kinshelaeh 
(Me?srs.        district  tlio  slit  arm^  lorces  Ihivu  atlectocl  tho  graiulo  as  well  as 

Eijauand  thi;  basic  intrusious,  and  to  .su(.*h  an  extent  that  in  many  pliices 
A^Heniy.)    -  -  -  .  ,   ^  r 


the  rock  hiis  actually  been  mapped  as  grey  grits  aiui  slates. 

One  of  the  most  novel  features  in  the  recent  work  of  revision 
in  Ireland  has  l  ieen  the  disco\'ery  of  a  number  of  cases  of  intru- 
sive felsites,  which  prost-nt  an  internal  tinely  brccciated  structure 
so  exactly  siiiudating  that  of  true  volcanic  tufts  that  in  hn!id 
spef'iint  ns  tliov  would  he  unlujsitatinj^ly  pronounced  to  be  un- 
([ue.stion.iMy  ot  ))\  rocltustic  orij^in.  The  process  by  which  they 
vv*(Tc  produced  is  not  yet  satisfactorily  explained,  but  tliis  nnicii 
may  at  least  be  asserted  regarding  them,  that  they  form  irregular 
eruptive  bosses  or  dykes,  and  have  been  injected  in  voins  and 
threads  into  the  contiguous  rocks.  As  far  back  as  1896*  Mr. 
McHenry  expressed  an  opinion  that  certain  conglomerates  in 
County  Dublin,  supposed  to  he  of  volnniuc  <iriirin,  had  really 
been  produced  bv  intense  crushing  wilhin  tlu-  c.irtiis  crust,  and 
at  the  same  time?  lie  sui^i^cstcd  that  this  might  also  ii;tvc  licon 
the  mode  of  furjuation  of  otlier  masses  .in  Wickiow  and 
Wexford,  which  had  always  been  looked  upon  as  composed  of 
truly  volcanic  detritu&  During  subsequent  years  this  suggestion 
has  been  verified  by  ili  f  «3ld-work  of  ME&SRs.  EIOAN  and 
McHenry  in  County  Wickiow,  and  also  by  the  microscopic 
study  of  the  rocks  by  Mr^.  Sevmot'E.  Remarknhle  sections  of 
these  brecciated  felsites  arc  lo  lie  srin  at  Arklow  Hejul,  where 
their  intnisivc  nature  is  shown.  They  are  displayed  still  more 
clearly  on  the  shore  near  Rockfield  House  (Sheet  130)  between 
Mizen  Head  and  Wickiow  Head.  They  have  always  been 
re^rded  as  tuffs,  and  appear  as  such  on  the  Survey  maps. 
An  account  f  their  minute  structure  by  Mr.  Seymoi^r  will  De 
found  on  p.  179.  Similar  rocks  were  met  with  by  Mr.  Kilroe  on 
the  south  coast  of  County  Waterford  and  will  ho  referred  to  in 
suhsc<|nunt  papfes  (see  pp.  77-81,  and  1 80).  It  may  be  ad(ie<i  that  in 
no  in.stanc(i  have  Mr.  Ec.AN  and  Mr.  Mt:Hi:.\RY  .succeeded  in 
detecting  any  volcanic  detritus  in  the  sedimentary  strata  near 
the  igneous  rocks,  whether  the  latter  are  crushed  or  not 


Couiitics  Dublin,  Meath,  and  Down. 

Slane,  In  order  to  prepare  for  the  engraver  the  maps  of  those  parts  of 

T^lbrT"  ^^^^  ^iint  of  irelaiid  of  which  tlu;  Silurian  tracts  have  been 
^n.  '*Mn^  revised,  it  was  necessary  to  re-examine  the  igneoiLs  rocks  ol  these 
MoHenry.)   districts  that  the  nomenclature  might  be  Drought  up  to  date. 

In  the  counties  of  Dublin  and  Meath,  towards  the  end  of  the 
past  season,  Ma.  McHenry  re-vi.sited  some  .special  points  in  the 
Slane,  Bellewstown,  and  l^albrigjjan  districts,  and  was  accoin- 
panie<l  hy  Mr.  Seymoitr,  with  a  vic\v  to  t]w  pet rographiciil  study 
of  the  rocks.    Mu.  McHenky  has  supplied  the  iollowing  notes 

*  Nature^  March  Gth,  1896. 
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of  his  re-examination.  His  recent  work  has  confirmed  him  Slane, 
ill  the  conclusions  which  he  had  formed  in  189(),  that  the  ^'/iJ^fff^ 
roclcs  which  have  hitherto  beon  mapped  as  "ashes"  in  those ^^^j^f' 
districts  are  not  of  contemporaneous  origin  with  the  Silurian  McUeniy.) 
strata,  but  are  really  intrusive  rocks,  though  in  external  and 
internal  characters,  closely  resembling  tuffs  and  breccias.  The 
igneous  rocks  and  associated  breccias  and  "  ashes"  that  occur  along 
tlic  coast  at  Balbriggan,  and  to  the  west  of  it  at  Tferbc  rtstown, 
are,  in  his  opinion,  basic  iiiUu.sivc  ku<  ks  of  one  jx;riod,  but  of 
many  varieties.  They  must  at  least  be  later  in  age  than  the 
Upper  Silurian  strata,  which  the}-  j>cnotmto,  and,  like  the  similar 
masses  in  South  Dublin,  Wit  klow,  and  Wexford,  they  may  Ijclong 
to  tlie  grciit  volcanic  and  plutonic  series  of  the  time  of  the  Old 
Red  Sandstone.  li\  the  Bellewstown  Hill  and  Ardc^ath  areas, 
respectively  rive  and  seven  miles  soutli  of  Drorfhejln.  both  acid 
ann  Iwvsic  varieties  occur,  the  basic  beini?  siiiiliar  to  those  at 
Balbriggan  in  their  general  characters  and  moile  of  occurrence, 
while  the  acid  varieties  closely  resemble  those  of  Wicklow  and 
Wexford.  Again,  a  mass  of  igneous  rock  at  Craig  Barron,  west 
of  Slane  (Sheet  01),  nm^fMid  as  felstone,  has  been  ascertained  to 
be  really  of  basic  composition  (dolente,  etc.). 

To  the  west  of  Slane  various  acid  masses,  mapped  as  felstone 
and  fetstone  ash,  liave  hitherto  been  regarded  as  contem- 
poraneous with  Lower  Silurian  strata.  As  some  of  them, 
however,  are  distinctly  intrusive  in  the  fossilil'orous  Upper 
Silurian  series,  they  cannot  be  of  Lower  Silurian  a«^e,  but  nom 
their  very  close  resemblance  in  every  respeet  to  the  Wicklow  and 
Wexford  types  they  not  improbably  belong  to  the  same  late 
period. 

The  two  long  east  and  west  musses  of  rock  mapped  as  "  fel- 
stone" at  Grangcgeeth,  threo  miles  north  of  Slane,  are  now 
determined  not  be  i^nieoiis  at  all,  but  merely  an  arkose,  com- 
posed of  broken- up  and  disintegrated  felsjxithic  detritus  in  a 
ime  green  sandy  matrix,  which  contains  fossils  in  places. 

In  County  Down  a  similar  re-examination  was  undertaken  Co.  Down, 
by  Mr.  Eoan  of  the  abundant  intrusions  of  igneous  rock  along  (^^r-  Kgan 
tne  shore  to  the  north  of  the  month  of  Strangford  Lough.    He  |"*J . 
was  accompanied  by  Mr:.  Skvmour,  whose  notes  on  the  petro- 
graphical  results  of  the  exAmiuatiou  will  be  found  on  p.  160. 


Ck>imty  Waterford. 

Co.  Water- 

The  revision  of  the  Silurian  ground  in  the  County  of  Water-  ford.  (Mr. 
for-l  bfis  ]>eeTi  coiitiimed  during  last  season  by  Mr.  Kilroe,  wlio 
has  prolonged  to  its  southern  linut  the  line  ot  boundary  between 
the  Lower  and  Upper  Silurian  formations.  In  this  mapping 
the  available  evidence  was  entirely  hthological  as  far  as  JKil- 
meadan,  four  miles  west  from  Wateribrd>  the  strata  proving 
barren  of  organic  remains  until,  near  that  place  in  the  railwa^y 
cutting  at  Mount  Gongreve,  they  were  lound  by  the  Fossil 
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Co.  Wateiv  Collector,  Mr.  B.  Clark,  to  contain  double  siaptolltes,  probablv 
J  ^  Kifroo  ^*  ®'  CsKradoc  ago.    The  Doundarv  is  crossed 

»       obliquely  by  bands  of  fclsit<^,  which,  bcin<r  hlirhly  cleaved,  were 
represent imI  as  slate  and  ^r\l  on  the  pnhlishcd  maps. 

CaradcK'  stnitn  in  irrrat  varif  ty,  ititorsju  r.mHl  witli  if^noous  hands, 
arc  to  l»e  soon  thron»i[hout  llie  sDuthern  j>art  ol  the  (Jonnty  of 
Waterford  (Shoots  178  ami  IJi)).  They  extend  to  the  coast- 
line, and  pjiiis  beneath  the  Old  Ked  Sandstone  of  the  Comeragh 
Mountains  on  the  west,  and  of  Dnnmoro  and  Brownstown  Head 
on  the  east.  Near  the  Upper  Sihirian  area  the  stratti  consist  of 
rapidly  alternating  gi'oy  grit  and  dark  grey  slate  biinds. 

Similar  slate  and  grit  in  larger  bands  are  connnon  fnrthor  south  : 
and  black  slate,  coiituininir.  as  at  Carnn-ns  Cnradoc  "rilobitcs, 
appears  in  many  places.  Green  grits  and  cpidotic  slatt  s,  tr.'i|uently 
calcareons  and  lossiliferous,  occur  in  small  isolated  ureas  siur- 
roimded  by  igneous  rocks  in  a  triangular  tnict,  which  extends 
from  Ballynamona  southward  to  the  coast  and  westward  towards 
Burrow.  These  rocks  have  peculiar  interest,  jis  th^y  are 
associated  with  the  only  true,  scantily-represented  volcanic  tnft's 
that  Ktt.roe  has  been  able  to  detect  in  the  re^jpon.  The 
Bala  or  Caradoc  strata  also  contain  red  grits,  which  are  soon  in 
a  striuyn  two  iT»iles  west  of  Traniorc,  and  associatod  with  cfreen 
grit  and  tutV  at  Sheep  Islantl  and  at  Rnocknuthon.  Earthv 
Kmestones  and  calcareous  grits  rise  into  cliffs  some  80  feet  higli 
at  Dunabrattin,  and  100  feet  near  Tramore,  this  group  of  strata 
attaining  a  visible  thickness  of  400  feet  at  the  former  jplacc,  and 
(j50  feet  at  the  latter.  It  appears  also  at  Green  Island  ne^ir 
Annestown.  and  at  several  otlior  points  nlont^  the  roast.  The 

Erevalenee  of  liala  fossils  at  Tram  ore  and  Uunabrattin  has  long 
een  considered  to  fix  the  stratigraphical  horizon  of  those  lime 
stones ;  and  it  is  doubtful  whether  the  interesting  occurrence  ot 
Russian  and  Scandinavian  Llandeilo  forms,  recently  |)ointed  out 
by  Mb.  Cowpbr  Reed,*  should  be  accepted  as  subversive  of  the 
conclusion.f  Tlie  section  seen  at  Camgaghalia  referred  to  later 
on,  which  Mr.  Reed  gives  as  corroborative  of  his  opinion,  is  of 
verv  doTibtfnl  vdne,  having  regard  to  the  great  oisturbances 
whi«  h  have  atl<M'led  the  region. 

Black  slate,  which  appears  from  bian  utb  the  limestone  near 
Tranioro  and  at  Dunabrattin,  may  on  account  of  its  position, 
on  lithological  grounds  and  in  the  absence  of  fossil  evidence,  be 
assumed  to  hoof  Llandeilo  age,  like  the  black  slates  so  distinctive 
of  the  Llandeilo  formation  all  over  Ireland.  Similar  black  slate 
found  in  many  other  places  in  the  district  may  h\  some  cases  be 
of  the  same  age;  in  others,  however,  it  belongs  to  a  Bala 


*  (/UHt  t.  Jourii.  (h'ol.  .SiV>r.,  vol.  Iv.,  p.  TtWi. 

t  Especially  in  the  ub.HeDce  uf  such  forms  from  the  Llandeilo  limestone 
of  Wales— a  dtflicalty  which  the  author  admita.  If  the  existence  of  the»e 
forms  near  Trainore  l>e  the  re.sult  of  niigiation  westward,  it  woiiM  Li- 
rca.sonaMe  to  assiitne  that  they  rcichod  the  Watorfonl  ami  at  a  hiter  eiKX'h 
thai)  the  Llamleil-*.  1  ll.■^tallcc.s  bearing,'  out  the  presumption  have  been 
indicated  by  .Mr.  Mabb,  and  ore  referred  to  in  Ma.  U  Hbbd's  ?Aper, 
page  77U. 
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honzfm,  as  is  shown  by  its  fossils.    Tlie  rolation  of  the  black  Co.  Water- 
Strata  to  the  linuvstonf  is  rarely  riianif<'st.  J*^R  KiItoj  1 

Mh.  CoWPEU  Reed  reports  tlio  occurrence  of  I)irr(f  thx/rn />/ "s  ' 
iu  black  slate,  wbich,  dipping  ul  an  angle  ot  about  80  ,  at  present 
overlies  limestone  at  Carrigjiglialia,  450  yards  south  of  the  boat 
pier  at  lady  Elizaboth's  Cove,  near  Trainore.  In  order  fully  to 
appreciate  the  bearing  of  this  section  it  should  be  noticed  that  a 
continuous  series  ot'  limestones  and  Lfrits,  vi.sible  in  Xewtown 
Cnvo.  half  a  mile  to  the  north  of  Great  Xcutown  Head,  runs 
inland  for  about  250  vards.  and  tbat  the  strike  <A  these  strata  is 
fairly  regular  along  tfic  elitl's  uorihward.  A  corresponding  suc- 
cession of  limestones  and  grits  might  be  expected  to  appear  at 
Carri^aghalia,  forming  the  cliff,  and  probably  also  proceeding 
inland.  Instead  of  this  development,  no wever,  the  limestone  is 
only  seen  at  the  base  of  the  clifF,  the  cliff  it.self  being  formed  of 
igneous  rocks  and  the  black  slate,  which  is  faulted.  A  thin 
felsite-sill  and  a  m  issivii  b.isic  on*'  s<Mvu-at('  the  limestone  from 
the  slate  ab')ve,  tb"  slati^  bi-lni^  t'urtficr  p-m  t rated  by  (rlsito 
higher  up  in  the  cliti",  wlu'  li  is  here  crow  ikmI  by  another  basic 
sill.  The  structure,  therefore,  is  not  regular  and  normal,  so  that 
any  conclusion  based  upon  the  present  position  of  the  slate, 
relatively  to  the  limestone,  can  hardly  be  well  founded.  'Hie 
Dicranograptus  slate  would  otherwise  have  to  be  taken  to 
represent  the  fossiliforous  calcareous  grits  of  the  glen  at  New- 
town Cove,  where  no  black  slate  oeenrs.  The  black  sluto 
at  Carrigaghalia  may  bo  considered  lus  in  all  prolwibility 
a  detached  ma.ss,  caught  in  a  group  of  igneous  intrusions 
and  carried  upward  out  of  its  natural  stratigraphieal  position. 
This  view  of  its  relations  finds  ample  illustration  in  sections 
along  the  coast  from  Newtown  Head  westward,  where  similar 
detached  masses  of  sedimentary  rocks  are  to  be  seen,  surrounded 
by  igneous  rocks. 


Igneous  Hocks  of  the  WATEUFniiu  Coast. 

The  i«2neons  rocks  of  the  ''oniitv  of  Wnterfoi-d  have  loner 
attraetcd  u  tent  ion.  Their  varieties  of  composition,  struetiire, 
and  111  Oil  •  ot  occurrence  have  been  noted,  as  well  as  the  ditlicult 
problems  winch  these;  varietie,s  present  to  the  gcologi.st.  Some 
notes  on  the  petrography  of  these  rocks  by  Mr.  Seymour  will 
be  found  on  p.  180.  The  following  petrogVaphical  types  have 
been  recognised  in  the  ticld  by  Mr.  Kilroe. 

(1.)  The  oldest  of  the  wbol.;  series  appear  to  bo  light  uu  l  dark  groeii 
and O'ite.s  an  1  Other  lu  nv  hasic  rocks,  such  as  diorites  and  diuimse-.  The 
ancle>itci  are  usually  epidotio,  and  sometimes  porphyritic,  witii  crystaU  of 
augite. 

(2  )  Volcmic  tnHW  absotiated  with  Silurian  giits,  .sei  n  at  .Sheep  Islaad, 
and  other  points  along  the  coast.    The  contained  fr.iginent^  consist  chiefly 

of  folsite,  sometimes  jtr-rlitic,  ghusy  or  hiiriily  \cslcaliu-,  with  jjioced  of 
andeaite  and  oilier  more  basic  rocks  and  tragni^nts  uf  bhick  s^hale. 

(3.)  Compact  Ught-grey  and  pink  potash-fekitea,  frequently^  vitreuua  and 
ahoDnn^  flow-structure^  occasionaQy  oontainio^  detuched  |»ieces  of  Jim^- 
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Co.  Water  stone  a8  in  tlie  sea-stack  west  of  Sheep  Island.  At  this  point  of  the  coa.st, 
foril.  (Mr.    the  pink  felaite  is  seen  to  break  into  a  "  breccia "  whioh  belongs  to  tba 

J.  K.  Kilroe.)  next  aeries. 

(4)  l^reoeias-  forming,  for  the  moat  part,  the  cojvst  l>etween  Great  New- 
town Heiid  and  Annestown,  deseril  ted  on  the  published  map  in  certain  places 
as  " fels^tbic^ash  "  and  ''greenstone  ash  "  and  more  recently  regaroed  as 
**  volcanic  agglomerates."  They  are,  however,  intrusive  rocks  as  will  be 
more  fully  explained  a  little  further  on. 

(5.)  Green  plagioclase-felsites,  ^Kissing  into  andesite^,  and  in  certain  places 
into  "  diorites."  These  prevail  m  the  western  part  of  the  district,  while 
the  foiegoin^'  group  nredoininates  in  the  eA.stern.  Similar  focks,  however, 
form  frreat  (lykea  ana  sills  to  the  ciist  <if  Annestown,  and  may  }^G  seen  along 
the  coast  a.s  far  as  Great  Newtown  lit  jid.  At  Sheep  Island,  offshoots  from 
the  dark  ^nreen  felsite  of  this  grout)  i^enetrate  the  hreccia  ot  Gronp  4,  and 
massive  sills  of  tlie  same  material  invade  and  include  between  them  an 
important  lenticular  band  of  strata  consisting  of  fine  tuff  and  green  and 
rcff  gritj  the  tuff  graduating  uuward  into  the  grit.  The  lower  part  of  the 
ui  lHT  sill  displays  a  reniarkahly  well-developed  suheruJitic  stmctlire  in  a 
band  several  feet  thick  on  the  south  end  of  the  island. 

These  green  rocks— felsites,  andesites,  «fcc.— freciuently  assume  a 
fragmentalform  like  those  of  the  pronous  group  which  are  grey.  They 
contain  pieces  of  felsite  of  various  kinds  from  small  rhii)s  uj)  to  larp;e 
blocks.  In  one  remarkable  instance,  a  little  to  the  west  of  iiaUydowane 
Bay,  a  sill  consisting  almost  wholly  of  partially-ronnded  masses  (the  matrix 
being  very  scanty),  includes  some  blocks  more  than  two  feet  in  diameter. 
Many  of  tlie  lenticular  bands  in  this  ^^rou])  are  cleaved,  which  no  doubt 
led  to  their  lieing  mistaken  for  "giec  nstoue  iuili." 

(6.)  Grey  potash-felsite,  usually  {>orphyritic,  which  occnis  in  mRssi\  e  sills 
near  Traniore  and  is  recognisable  along  the  coast  to  Rally voyle  Head,  near 
DuD«krvan.  It  is  prolmbie  that  ^ey  granite,  similar  to  that  of  the 
Wickl  low  range,  which  occurs  in  lenticular  areas  trending  south-westward, 
Ixilongs  to  this  stage  of  intrusion,  inasmui^h  as  one  of  the  areas,  north  of 
Ballydowane  Bay^  seems  continu<iUs  with  that  of  a  grey  porphyritic  felsite 
seen  on  the  roadside  near  that  bay.  To  this  sta^  also  belongs  a  striking 
pori^yritic  felsite  with  red  felsjjar  embedded  m  a  green  matrix,  which 
occurs  in  two  localities,  north-east  and  south-west  fiom  Strad bally.  Pris- 
matic, spherulitic,  and  perlitic  structures  are  CKH  iVsioually  to  l>e  seen  among 
these  felsites. 

Groon  cpidotic  grits  and  fossiliforous  slato  of  Bala  are  seen 
to  overlie  the  andesites  of  Group  1  north  of  BaUyscanlon  Lough; 
while  conglomerates,  which  form  tlio  bjiae  of  the  sedimonUiry 
scries  here  and  at  MuTimahogr,  iionrly  tinvo  miles  norlli-hy-wost 
of  Tnininro,  ooiituin  pubhlos  alinnst  wholly  derived  from  similar 
andesitid  nn  ks.  It  is,  thoreforc,  oiivicnis  that  the  Rillvsciinlon 
andesites  are  more  ancient  than  a  portion  of  the  Jiala  group, 
though  there  is  no  evidence  that  they  were  erupted  contempo- 
raneously with  that  groi  i  ]  >.  No  such  satisfactory  evidence  of  strati- 
graphical  position  isavailablc  for  thedeterminationof  theage  of  the 
other  andesites  of  the  district :  for  while  rocks  closely  resembling 
those  of  Hallyseardon  are  to  bo  s(^en  in  many  plaees,  tlioy  may 
he  susjKM  ted  to  l>e  of  lat-'r  (hite  than  tlie  p-reen  Silurian  strata. 
Some  masses,  however,  to  t!i»'  west  of  liallyseanlon,  sueh  as  those 
of  C'orrig  Castle  Hill,  near  liallyhiuneen,  are  at  least  older  than 
the  brecciatod  felsites  of  Group  4. 

The  tuffs  forming  Group  2  have  been  foimd  in  widely  scattered 
patches,  none  of  which  perhaps  exceed  a  few  hum  1  red  square  yards 
marea.    They  seem  to  no  everywhere  surroimded  by  later  felsites. 

Of  the  section  at  Sheep  Island,  the  Director-General,  who 
inspected  the  ground  last  summer  with  Mr.  Kilroe,  has  fur- 
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nished  the  following  notes: — ^"'A  mass  of  pinkish -grey  felsitc  co.  Wuter- . 
rising  out  of  the  sea  is  surinountod  by  about  18  to  20  feet  of  well-  f^i"''    .^  Y' 
bedded  alteruatioiis  of  a  tine  breccia  and  of  thin  ^een  shalv  ^ 
layers.    The  fragments  cnolnsod  in  the  breccia  consist  of  small 
chips  of  highly  vesicular  lel.siles,  umlesitcs.  nnd  probably  some 
uiuru  Uusic  rocks.    These  materials  are  ubviousfv  of  igneous 
origm.    The  most  abundant  of  them  arc  lapilli  of  a  line  dull- 
green  extremely  minutely  cellular  pumice,  which  recalls  the 
faiiiiliur  l)asi('  hipilli  of  the  Carboniferous  tufts  of  the  basin  of  the  - 
forth.    They  include  also  fragments  of  pink  felsite  with  ex- 
quisitely jxjrfcct   flow-stni<  t  urc.    Many  ot"  the  strata  of  this 
breccia  are  coarser  at  the  bottom  and  become  finer  towards  the 
top.    There  can  hardly  \m  any  (lonla  that  tlirsc  stratii  are  true 
tuUk    They  pass  upward  at  one  jUuce  uito  some  red  shales  and 
grits,  the  beading  of  which  is  parallol  with  that  of  the  tutis 
below. 

"  AboTc  this  fragmental  band  comes  another  felsite,  which  is 
particularly  conspicuous  for  the  great  perfection  and  beauty  of 

its  sphemlitin  and  flow-structures.  Tliese  structures  are  grouped 
]>:irnl1»'l  with  the  under  snrtare  of  the  slnn't.  The  lower  band  of 
tlie  rock  is  remarkably  splieruIiLic  Smno  of  the  spherulites, 
composed  of  a  very  flinty  pink  felsitt-,  muusure  three  inches  in 
length  and  many  of  them  enclose  a  nucleus.  Higher  up  in  the 
sill  bands  of  tine  spheralitic  material  may  be  observed,  the 
spheruhtes  bein^'  small  and  round  like  peas,  and  scattered 
sparingly  througli  the  matrix.  The  lower  portion  of  this  felsite 
is  trn  vf  rsed  by  a  dyke  two  feet  six  inches  broad,  of  a  grey  com- 
pact Hiieiy  vesicular  felsite." 

The  most  important  part  of  Mr.  Kh.roe's  revision  of  the 
igneous  rocks  associated  with  the  Silurian  formations  of  the 
south  of  the  County  of  Waterford  has  reference  to  the  remark- 
able bre(;ciated  musses  of  that  region.  As  in  Wicklow  and 
Wexford,  tlieso  roc  Ivs  have  hitherto  been  considered  as  turts  and 
agglomerates,  but  close  re-examination  of  the  remarkable  coast- 
sections  where  the  rocks  are  so  well  exposed,  has  led 
Mu.  KiLHoK  to  the  same  conclusion  as  bis  colleagues — Messrs. 
Egan  andMcHLNRY  (aak  p.  72).  He  believes  that  the  main  mass 
of  the  igneous  rocks  is  of  intrusive  origin,  and  that  most  of 
the  so-called  agglomerates  and  breccias  are  not  truly  volcanic 
masses,  but  have  been  produced  by  a  process  of  brecciation 
during  the  prolonged  period  of  igneous  intrusion.  At  the  same 
time  tlie  nnerf>seopic  study  of  the  rocks  by  Mu,  Sevmour  has 
shown  that  some  of  them  are  true  felsitic  tuttis,  with  glassy  and 
vesicular  lapilli. 

The  iVagments  enclosed  in  these  "  intrusive  lireccitus,  '  to  use 
the  term  originally  employed  by  Mr.  McHenrv,  consist 
principally  of  various  felsites  ancf  other  igneous  rocks,  but 
mclude  also,  sometimes  abundantly,  angular  pieces  of  black 

slate  and  grit,  derived  fmi  i  lio  surrounding  Silurian  formations 
The  felsite  tVagments  oiten  show  flow-stmeture,  and  liavo 
obviously  been  derived  from  a  rock  such  as  that  which  may  hero 
ftud  there  be  seen  in  veins  and  sills  traversing  both  the  igneous 
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Co.  Water-  and  ROfUmentAry  ma-sses  of  the  rortst-cliffs.  Some  s})eeially 
Kaloe.)  i'^^**^*^^^^ sections  showing  tliu  character  and  relations  of  these 
rocks  may  he  seen  at  Sheep  Island,  two  miles  west  of  Great  New- 
town Head,  and  on  tho  adjacent  part  of  tlie  shore.  Here  the 
observer  may  follow,  as  it  wen;,  the  successive  stages  in  the  process 
of  the  production  of  the  brecciated  structure  in  an  intrusive  molten 
rock.  The  original  felsite  has  been  broken  up.  nnd  its  fragments 
have  been  carried  forward  in  a  frrsli  inroad  of  similar  mat-erial. 
The  newer  matrix  sends  vein«;  into  the  included  fragments,  as 
may  be  well  seen  where  the  pidc  greenish  grey  felsite  traverses  a 
block  of  black  slate.  In  some  places,  as  at  St.  Ronan's  Bay, 
south  of  Tramore,  the  quantity  of  included  fragments  some- 
tunes  amounts  to  about  three-fourths  of  the  whole  mass,  only 
one-fourth  part  being  the  matrix  in  which  they  are  enveloped. 
It  is  difficult  to  realize  how  an  mtrusive  rock  so  charc^ed  with 
foreign  material  could  have  been  injected  into  cracks  and  tissui'cs 
of  the  crust. 

That  this  breccia  moved  as  such,  and  was  forced  into  irregular 
apertures  or  rents  in  previously-  solidiiicd  rocks  Is  well  displayed 
at  man}'  points  of  the  coast-lme.  A  remarkable  section  occurs 
on  the  chtf  innnediately  behind  Sheep  Island,  of  which  the 
Director-General  has  supplied  the  accompanying  figure  and 
notes : — 


Pro.  I.— Section  of  Intrasive  fireccia  (A)  in  Felaitt'  (a),  .Mlif>re  opiwsite 
bland,  sonth  of  Tiamore»  Co.  Wateiford. 

"The  oilier  rock  (n)  of  this  .section  is  one  of  tho  usunl  pinkish 
felsitcs  wliicli  have  so  abinitlantly  invaded  the  igneous  and 
sedimentary  masses  of  this  (H)a,st.  The  younger  rock  (h)  is  a 
green  '  breccia*  of  the  prevailing  type,  but  with  a  less  proportion 
of  included  stones  than  may  often  be  seen  in  other  similar 
masses.  The  fragments  which,  however,  are  sufficiently  numer- 
ous^ consist  ]M^y  of  felsitos^  some  having  a  beautiful  flow- 
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utruutiuu  HUll  uthcrii  bhowiiig  a  vesicular  texture.    They  include  C'ti.  Wat  i- 
also  pieces  of  a  reddish  limestone.    It  will  be  observed  from  the  Jy"^  '- 
HguTO  here  given  (Fig.  1)  that  this  breccia  is  intrusive  in  the  felsite 
It  sends  a  long  dyke  or  vein  downward  in  the  latter  rock,  of  which 
it  thus  sepiirates  a  strip  at  the  margin.    A  Httle  above  the  beach 
this  (Ivke  or  vein  ImmvIs  s])Mrj>1y  upward  and  rapidly  lessons  in 
thickness,  hnt   continues   in   a   sinuous   conr.se  throui^li  the 
felsite  until  it  dies  oiV  in  a  narrow  tin^'cr  or  tliread.    From  the 
sharp  bend  just  uientioued  to  the  e.\treme  end  of  the  vein  is  a 
distance  of  seventeen  feet.    In  the  thicker  dyke  or  veiiT  to  the 
left,  the  size  of  tlic  stonf>s  is  less  than  in  the  body  of  the  breccia, 
and  these  are  still  smaller  in  the  atteiuiated  veui  that  strikes  off 
to  the  right   But  they  continue  to  bo  present  even  up  to 
tile  end. 

"Tlje  matrix  is  a  tine  felsite,  about  the  true  origin  of  which  as 
n  iiinltcn  rock  there  could  he  !in  dfMihl  if  it  wvrv.  considered  in 
ilself  and  apu't  iVom  t]i«'  proIdiMn  pri'.senU'tl  by  its  iuidndwl 
stones.  It  has  l)een  obviously  intruded  here  into  an  irregular 
rent,  and  its  load  of  fragments  has  been  a.s  it  were  strained  oti'  by 
the  narrowing  of  the  passage  until  only  fine  chips  were  borne 

Fetrogniphical  notes  on  some  of  these  interesting  rocks  have 
been  prepared  by  Mk.  Seymour,  and  will  be  found  on  pp.  179, 
180. 

If  the  majority  of  the  igii  roi  ks  (.f  the  Watcrford 
coast,  hitherto  rcgardc<l  as  volcanic  sheets  intercalated  con- 
tfMi!].oraTioously  among  the  Lower  SilnrinTi  sodinronis,  are  now  to 
be  rc'wdcd  ns  renllv  intrusive  in.  and  lie  refore  later  than  those 
formations,  the  inij»i)i  t  iMl  (jucstions  reniaui  of  (  Ist  )tlu)  geological 
era  to  which  the proluiigoil  injection  of  (his  enormous  series  of 
eruptive  masses  is  to  bo  assigned,  and  ^2nd)  the  8trnti<^raphicAl 
relations  and  ago  of  the  volcanic  emotions  ropresentod  by  the 
tuffs.  As  the  mtrusioiis  have  invaaod  all  parts  of  the  £(owor 
Silurian  series  of  the  district,  they  are  clearly  of  later  date 
thai!  thcsp.  North  of  Kilniacthomas  ^Tu.  Kilroi:  has  found 
cleavcfl  fclsites  (;losely  adjacent  to  Upper  Sihu'ian  strata.  The 
sections  an?  not  conclusive  as  to  the  relations  of  the;  two 
groups  of  rock,  Init  if  the  felsite  is  not  brought  in  by 
Kiultmg  or  folding  but  is  really  intrusive  in  the  surrounding 
strata,  it  will  follow  that  some  at  least  of  the  protrusions 
cannot  he  older  than  some  part  of  the  Upper  Silurian  period. 
But  the  date  may  1)0  more  nearly  defined  by  the  evidence 
t)f  the  (*nnst-line  at  Ballydowane  Bay  tn  which  fuller  rcferi'iice 
wdl  ln'  made  in  the  account  of  last  vear's  tield-work  in 
the  Old  Ued  Saiul.^tone  Q>o«f<ea,  p.  lOi),  It  will  be  shown  that 
there  is  a  hi^h  probability  that  the  igneous  protrusionH  of 
County  Watertord  belong  to  that  remarkable  period  of  h}rpo- 
gene  and  volcanic  activity  which  witnessed  the  injection 
of  so  many  of  the  chief  granitic  masses  of  the  British  Isles  and 
the  outpouring  of  such  vast  sheets  ofandcsitic  lavas  and  volcanic 
agglomerates  and  tutis. 
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Island  of  Arran. 

An  ucconnt  of  Mn.  GrNN's  iniomslinj^'  <lis(;ovorv  ot  another 
exposure  ot"  the  cherts  and  l>liick  s«  hists  on  t]i<?  Hij^hliiiul  hotcler 
has  been  already  civoii  in  ihe  section  on  the  DaUudian  rockii 
{ante,  p.  68)w  Hut  as  theso  strata  may  with  tho  highest 
probability  be  relegated  to  the  Silurian  system,  a  brief  alliLsion  to 
them  again  may  not  be  inappropriate  at  tho  end  of  tho  foregoing 
M  i rr.it ivo  of  recent  progress  among  the  Silurian  formations  of 
Ireland.  Mr  <tUN'X,  in  nis  rciiDrt  of  his  year's  work,  justifiably 
stated  tliat  tlio  most  irnporlauL  a<ldilion  to  the  ij^eoloLry  of 
Arran  is  llie  disi  oveiy  iii  North  (ilen  Saunox  of  a  volcanic 
series  associated  with  the  schistose  ipits  of  that  region.  This  set 
of  lavas  occurs  in  connection  with  yolc»nic  agglomerate,  with 
cherts  and  with  dark  shales  or  schists,  like  the  rocks  of 
Ballantrae  in  Ayrshire,  and  tho  whole  is  nrobably  of  Arenijy^  ace. 
No  organisms  have  vet  V)  m  n  discovered,  nowcvor,  either  in  the 
cherts  or  in  the  dark  schists,  l)ut  it  is  to  be  hoi>ed  that  wh*'n  llie 
roc-ks  f'OTn<^  to  b(>  thorouglily  sonrrh«Ml  by  the  fossil  ^•.ollector^, 
organisnis  will  yet  be  found.  UrciiL  interest  attaches  to  the 
rocks  in  this  area  because  they  apjxMr  to  bo  intercalated  in  the 
Highland  schists,  the  whole  formmg^  apparently  a  r^^ular  and 
conformable  succ<  ssi()n.  By  this  discovery  the  number  of 
distinct  volcanic  series  in  Arran  is  increased  to  six. 

These  iixneous  rocks  were  first  noticed  in  the  month  of  Juno, 
but  vcrv  little  wtis  then  done  in  working  out  their  relations  to 
the  associated  schists.  Sj)eciuiens,  however,  wore  obtained  of 
several  varieties  of  the  i*)ck,  and  on  these  being  shown  to 
Messrs.  Peach  and  Horne,  they  at  once  remarked  on  their 
resemblance  to  the  lavas  of  Aronig  ago  near  Ballantrae.  It  was 
not  till  late  in  the  year  that  the  survey  of  the  district  was 
resumed,  and  the  area  occupied  by  these  volcanic  rocks  was 
mapped  in  detail  After  this  was  done  Mr.  Pe.\ch  spent  a  d.iy 
on  the  n^romid  with  Mu.  GuNN,  seeiuLC  most  of  the  principiil 
sLTt  iiins,  ;uid  he  had  no  hesitation  in  itleiuilying  these  roclis  with 
t  hose  ot  Arenig  iige  at  Ballantrae. 

As  has  boon  already  pointed  out,  no  structural  line  of 
separation  can  bo  detected  between  these  presumably  Lower 
Silurian  rocks  and  the  ordinarv  Highland  schistose  grits  between 
which  they  are  intercalated.  The  (|  nest  ion  is  thus  again  raised 
as  to  how  fVir  the  Silurian  age  of  tlie  roeks  is  to  be  extended  into 
the  Highlands.  It  h:\s  been  impo.s.sible  to  find  any  lithological 
ditierencc  in  the  condition  of  the  strata  that  are  almo.st  cert^iinly 
xVionig,  and  the  schistose  grits  alongside  of  them.  They  have 
undergone  the  same  plication  and  the  same  degree  of  meta- 
morphisni,  and  they  imdoublodly  seem  to  form  parts  of  one 
oontmuons  and  nrd>roken  scries.  We  are  not  yet  m  a  positicm 
to  solve  this  ditlicult  problem.  But  important  data  arc  accumu- 
1;itin'4  for  its  solution.  There  now  seems  to  be  every  probability 
dial  lM>iii  Lower  Silvirian  nn<l  ('anibrian  formations  enter  Inrgely 
into  the  composition  ot  tho  great  mass  of  the  Highland  schists. 
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DEVONIAN. 
ComwalL 

The  Hrtlrl'Work  of  the  Survey  among  Devonian  rocks  Usi  yeiir 
has  bo^  oontincd  to  tho  CoiinUr  of  OorawalU  whei:e  it  has  been 
carried  on  in  i[w  Kasiern  horrtor  by  Mr.  Ussuer,  in  tho  Fal- 
mouth district  hy  Mk.  Hua..  and  around  Penzance  and  the 

Limd's  End  by  Mr.  Wilkinson. 

Mr.  T"^ssirEf?  lias  mapped  Uppor.  Mi(l(lle, and  Lower  Devoni  ni  Diatrictiof 
rocks  in  the  di.^Li  icts  ot  Liskeanland  Looo  (Slioot  :U8).  Tho  lar-cr  |'i,"jf*'fjj}"'* 
part  of  tlie  area  surveyed  <-'L)nsisLs  of  Lower  Devonian  rov;ks.  \v.  a.  K. 
These  make  a  natuial  junction  with  the  Middle  Devonian  »latos  Uwher.) 
south  of  Linkcard,  but  are  cur.  otV  a^ofainst  TTpper  and  Middle 
Devonian  slates  with  volcanic,  ro :  ks  on  t  he?  c  ist  hy  a  fault  that 
runs  in  a  south-easterly  direction  tVom  tlie  vicinity  of  (Jlickor 
Tor  near  Mcnheniol  Station.    l>y  this  dislocation  aiid  others 
parallel  to  it   near  Momit   Fid<^eeu?nhe,  th«  Lower  Dovoniau 
outcrop  has  l^cn  sliii"te<l  lo  more  northerly  jxisitions. 

The  Lower  Devonian  rocks  are  jjrcutly  disturbed  by  numerous , 
contortions,  thrusts,  and  faults,  mxich  obsctue  the  relations  of 
the  divisions  at  crucial  prjints.  Their  uppormost  strata  consist  of 
sandstones  with  ar<(illacoous  slates  ana  shales  (developed  south 
of  St.  Keyne),  which  seem  to  be  practicjiUy  unfossilifcrous, 
and  arc  u'^nally  of  a  dull  i^rf^-^nish  and  '^tcv  colour.  Owing  to 
repetition  by  plications  tiiey  exhibit  a  j^rcater  development  on 
the  west  than  on  the  east  of  the  Kast  I^oc  river.  They  are 
succeeded  by  grey  slates,  occasionally  siliceous,  and  with  local 
beds  of  hard  grit.  Thus  far  the  Lower  Devonian  succession  is 
perfectlv  clear,  but  beyond  this  point  it  is  obscured  by  tho  manner 
m  which  the  remaining  f  .fi  .ponents  of  the  series  are  distributed. 
These  embrace  the  Looe  beds  and  the  Polperro  beds. 

Tho  fossils  recorded  from  the  l^ono  trrits  ami  .sbnios  arc  saifl  to 
charactorise  tho  "  Gedinnian  "  group  <»t  the  Continent,  that  is  to 
sii^\  they  indictxte  a  lower  fauna  than  any  other  found  in  Devon- 
shire. The  rocks  with  which  tho  organisms  are  immcdiaUily 
associated  include  limestone  in  no  persistent  c[uantitv,  but  m 
character,  and  seemingly  in  fossil  contents,  identic  J  with  beds  in 
the  Plymouth  section.  Tlicy  comiirise  also  info  laminated  beds 
similar  to  those  of  Torcross  an<l  l  insry  fiend.  These  are  well 
shown  in  ihi^  const-sections.  The  t  .ilcaicoiis  ]»ands  seem  to  occur 
at  different  horizons,  but  arc  most  a})parciiL  near  to  or  actually  in 
conLact  with  the  red  or  butV  shales  and  grits  of  the  Looe  bods. 
The  slate  series,  although  to  a  great  extent  identical  in  character 
with  the  slates  which  succeed  the  St.  Keyne  sandstones,  is  more 
variable,  containing  irregular  grits,  compact  grits,  and  fossil!  f.  rous 
partly  siliceous,  irregularly  cleaved  grey  slates,  closely  similar  to 
characteristic  types  of  the  Mcjidfoot  beds  of  Torqua}-.  'I'his 
similarity  is  so  strong  that  were  it  not  for  their  (icdinnian 
fo.ssils  the  Looe  grits  and  shales  might  well  l>c  regarded  a.s  a 
part  of  the  Mof^foot  beds  (Lower  Uoblenzian)  with  distinctive, 
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l>i>*triot»<  *)f   iociilly  recurrent,  but  imp^i'siALoub  iitliolu^iual  aud  paUuoutoloKical 

LiHk»':ir.i  an<l  characters.  The  classic  fisli  beds  of  IVmxirro  Ho  among  dark 
w***A  slates  and  Imrd  jjfrits,  wliich  uiv  no  il  >Ml>t  a  part  of  tho  slate 

I'ssher.r  •^orics  thai  hichidcs  the  Loot*  beds,  but  th<'  (listi-ibtnion  ot"  the 
')rjj:ani.sius  is  more  t^eneral  in  the  pnrnl  '  .rreon  and  buH'  slate 
scries  of  Polpcrro,  Talland  and  Dowiiiltuiy.  Tlu'^c  variopitod 
stratii  are  precisely  like  the  Dartmouth  and  Kingswear  .slates 
and  alHo  tho  s1ata<i  and  grits  of  tho  liovoliitoke  and  Wembury 
shores.  At  Piskeys  Gove  on  the  Revelstoke  coast  Mr.  Uskheb 
found  remains  of  Ptcni^fHs.  Althoui^h  a  boundArv  has  not 
been  continuously  druwn  for  the  Dartmouth  slates  in  Devon- 
shir(\  their  persisteiice  and  identity  with  llie  vnricirated  slates  of 
Puli»«  m)  has  been  clearly  proved.  Tlie  Darlnionth  slates  of 
Pol}K*rro,  althoiiLih  faidted  on  lh(^  north,  are  shown  in  places  in 
unfaulted  junction  \vith  tho  dark  slates  wliich  contiun  traces  of 
fish.  As  mr  as  can  be  judgeil  from  the  evidence  the  calcareous 
beds  in  contact  with  the  Looegi-its  and  shales  jnrive  place  to  these 
dark  slates.  The  latter  comprise  intercalated  beds  of  hard  ^lit 
or  (juartzite  which,  wh(^r«^  present,  otten  show  intense  plication. 
These  sl:i1e<  fnrni  the  coast -.sect  for  five  nnles  westward  from 
Port  Wi  ll tkle.  w  here  thev  are  fauitetl  ai-'ainst  Looc  IkhIs.  Tho 
<lislocation  at  lirst  escjiued  notice,  the  red  l»cds  of  the  Looe  .series 
between  Craftholo  ami  Ca^vKand  havin[||^  been  very  naturally 
confounded  with  those  of  the  Dartmouth  slates.  In  the.Seaton 
River  Valley,  below  Hessenford,  the  gi-ey  slate  series,  with  its 
associateti  grits  and  calc^arcous  bands  and  patches  of  Looe  beds, 
presents  ninnv  points  of  resemblance  to  the  stnita  above  the 
slates  of  th<'  Kin*(swear  proinontory  which  corresiX)nd  to  the 
Mojvdfoot  beds  of  Torquay.  Tiicsc  L^icy  slates,  which  are  the  in- 
land conlinuation  of  tliose  in  i  he  East  Looc  coast,  are  bounded 
on  the  south  bv  the  Dartmouth  slates  of  the  Downderry  coast, 
the  boundary  being  in  part  at  least  a  fault,  and  on  the  north 
by  a  mafls  of  the  I)artmouth  slates  which  north  of  He.s.sentord 
extends  over  the  ridg(>  of  Hindown  to  the  East  Looe  River 
Valley.  This  ma.ss  is  shiff'^l  by  a  fjiidt  Ix  tween  Bindown  and 
Congorlan.  On  Jiindowji  and  above  Congorlan  very  tough 
c^its,  conUiinine:  Pffmspis'  remains,  are  present  in  association 
with  quartzite  and  grey  slat«s.  On  the  north  border  of  this 
mass,  at  Wrinsfworthy,  a  small  patch  of  Looe  grits  occurs,  but 
vrith  this  except  ion  there  is  no  pro()f  of  tho  representation  of  the 
Looe  beds  in  the  slates  on  the  north  which  come  directly  below 
the  St  Keyne  sandstones  fn  the  disfriet  west  of  Rist  Looe 
River,  tlie  i  );iri  iiiouth  slates  may  occiu' in  small  patches.  Grits 
resembling  those  al)ove  Congorlan  have  been  <iet<*<"te(l.  which 
may  owe  their  position  either  to  a  J3rolongation  of  an  anticlinal 
axis  from  Bindown  and  Congorlan,  or  to  a  h,u\t  The  slates 
under  tho  St.  Kc}jno  sandstone  may  |  >«  ili.ips  form  the  upper 
part  of  a  gr<  it  series,  in  the  middle  or  lower  part  of  which  the 
Looe  grits  and  shales  and  wdcare  n  i'e<ls  occur,  and  the  dark 
slates,  with  tish  remains  jitkI  (piartziti*  luds.  may  lie  at  the  base  of 
this  .series,  directly  alcove  the  Dartmouth  slate  group. 

Tho  chief  problem  of  the  geological  structure  of  the  Looc  district 
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is  centred  in  the  uia-ss  of  Bindown  and  Congorlan.    This  mass  is  Dixtrictt*  of 
most  probably  an  anticline.  If  it  be  regarded  as  a  sii^le  outcrop  ^ 
the  almost  entire  absence  of  Dartmouth  slates  on  the  west  of  the         ^  ^' 
East  Looc  River  will  have  to  be  accounted  for  by  faults  cuttinj*  Umhor.) 
out  the  whole  of  these  slates,  a  view  which  woukf  place  the  T.nne 
beds  ht'low  the  Dnrtmonth  slates,  and  woidd  well  accord  with 
their  prcsunietl  Cledinnian  n^e.    The  •  vidcnce  as  to  the  Lower 
Devonian  succession  afforded  by  the  Looc  district  alone  must  be 
confessed  to  be  quite  inconclusive.   Taken  in  connection  with 
the  data  derived  from  previous  Lower  Devonian  exploration,  the 
balance  of  evidence  inclines  Mr.  TJshher  to  the  simpler  view  that 
the  downward  succession  is  as  follows : — 

StaddoQ  grits  -  St  Keyne  sandstones. 

I  Bec?on,  Churchstow  and  Grey  slates,  ^vith  'occasional  grit 

I     Ringniore  bed««  -      -  Looe  grits  and  shales. 
i  Torcroas    an<i     Tinsuy  Grey  slates,  with  limestone  and 
Meadfoot  BedM  \    Head  hedn.  grits. 

Dark  irrcy  sinter,   with  intor 
luiiiiaate*!  beds,  and  quartzilc 
bands. 

Darbnmith  slates  Revetstokc  Beds  -      -  JPurT)le,  green,  and  buff  sUlt 

with  quartzite   or  compact 
grits  and  arcnaceoiw  "liedH. 

South  (»t"  IV'lynt  tlie  dir*  '  tion  of  dip  of  the  .sehislijhity  is  nearly 
always  northw.ird.  The  i  han^a^  in  the  prevalent  southerly  dip 
of  tills  structure  tjikes  place  aion^  an  irrcgidar  line  drawn  from 
the  fault  in  Portnfldler  Bay  towam  Pelynt,  which  has  no  connec- 
tion with  any  [uirt  i<-<d  ir  <^^cological  horizon.  De  la  Becue  alludes 
to  the  roiin(1iii'.;  <>(  the  strike  near  Pelynt. 

The  Mi<ldle  anfl  ni)|)er  Devoni-ni  r(«^ks  in  the  distri<  t  reeently 
surveyed  consist  of  slates  and  slaty  uuidstones.  in  \vln<  li  volranic 
rocks  occur.  Their  lower  portions  comprise  argiliiiceous  slates 
or  slaty  nuidslones,  often  splitting  prisniatically,  and  with 
■clea%^age  planes  that  dip  generally  at  low  angles,  the  beddin^j 
being  freouently  shown  by  verticiilly  undulating,  sutnre-like 
lines.  Calcareous  slates  may  be  seen  in  the  new  railway  line 
south  of  Lifikeard  Station,  but  there  is  no  persistent  limestone. 
Tlie  irp'ifidrir  distribution  of  the  volcnTiic  rocks  in  the  tr  i'  t  of 
slfito  seems  to  l)e  due  to  their  lying  in  troughs  of  tlie  lii^lier 
Middle  Devonian  slates,  and  also  to  the  fault-lxjundary  of  the 
Lower  Devonian  roclvs,  which  cuts  oft'  the  Middle  and  Upper 
Devonian  series  on  the  west,  and  is  probably  prolonged  in  the 
Middle  Devonian  area  towa^  laskeard.  No  houndary  can  bo 
even  approximately  drawn  between  the  Upper  and  Middle 
D<'v<>nian  groups.  Puri:)le  and  green  slates  ot  the  Upper  group 
o(  .;ur  at  Mcnhcniot  mm!  /Jntoinostraca  were  obtained  Irani  them 
near  Doddy  Cross  and  i^adderhurv. 

The  Middle  and  T^pp^r  Devonian  vole^inic  rocks  con.sist  of 
schalsteins  and  brown  and  greenish  vesicular  rocks,  of  which  a 
good  example  is  afforded  by  the  mass  on  Padderbury  Top.  The 
CUckcr  Tor  "Serpe  ntine"  i.s  nn  ophitic  dolerite,  probably  intru- 
sivi-.  X  c<wirso-^^ined,  nrolmhly  nitnisive  basic  rock  oc<'urs  near 
Cartuther,  and  m  the  valley  between  that  place  and  Menheuiot. 
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I)  tri«-(.H  of  In  tho  £/>wcr  Devonian  area  igneous  rocks  occur  in  many  places 
Loo^^^Imi-"'  sparingly  developed  and  so  decomposed  that  thoy  cannot 

XV.  A.  E*      l>e  indiaited  on  the  man  without  exaggemtion.    Although  in 

Uwher.)  places  re.semblin'j:  shenrcn  tiitVs.  their  true  origin  remains  unecr- 
Uiin,  They  are  most  Ireqiiently  1<j  be  met  with  in  the  utloiireous 
parts  of  the  grey  slate  series  associated  with  the  \jOoc  beds,  but 
they  also  occur  ni  the  Dartmouth  slates.  Shciired  ilia  bases  have 
likewise  been  found.  The  most  interesting  igneous  rock  yet 
eneounteriHl  in  the  district  is  a  highly  silicitied  tnichyto  or 
andesite,  which  is  quarried  for  road-motaJ  on  the  southern  slope 
of  Bindown.  It  riins  in  jm  cjist  and  west  direction,  and  is  of 
small  siipcrHcial  extent.  Mb.  Teall  has  t'urnishod  the  following 
notes  regarduig  it : — 

'«[E.  M2.'t  and  325:..]  Hindown,  S.S.W.  -if  Menh.niot.  (iroy  or 
bluish-grey,  liigbiy  (luartzo^  rocks»  traversed  l»y  veins  of  quartz  and  pyrite. 
Under  the  microKcojio  they  are  wen  to  be  liiA'hly  silicified  vehicular  ij^eous 
rocks.  Quartz  li:»>i  l>cen  d('iM>sited  nut  only  in  the  veins  l»ut  nUo  in  tho 
vesicle.^.  The  greater  jNirt  of  the  r>n-k  is  roni|)*>scd  of  (jiiartz,  but  a  certain 
amount  of  altered  igneous  material  o«xursa8  a  matrix  between  theaiuvgda- 
loids.  Thi.s  consists  of  :t  IV  w  rare  phenoiMysts  of  felspar  in  a  grouncunass 
of  ft'l-ii;ir-nu(T«>lit(  s  ;u;(l  ill  ilefined  interstitial  ruattcr.  The  nati:re  of  the 
original  ruck  cannot  be  determined  with  certainty  trom  these  specimens. 
It  appears  to  have  been  either  an  andesite  or  trachyte— most  prooably  the 
latter.** 


1'enzanee 

District. 
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In  continuation  of  his  previous  mapping,  Mr.  Wilkikson  has 
surveyed  the  tract  l}  ing  to  the  north-west  and  south-west  of  the 
Wilkbson.)  Penzance.    Tho  district  is  almost  entirely  occupied  by 

irranite,  but  sedimentary  rocks,  highly  ahered  and  traversed  Vty 
irhrvN^s  of  "greenstone,"  rise  on  its  eastern  margin.  The 
biiuntlnry-Hne  between  the  lwr»  gnmp^  ui  roc kh  is  well  deiined 
oii  ihc  const  at  the  lishing  viliaget)!  Alousehole,  whence  it  runs 
iuUuiil  and  then  circles  round  beliiiid  Madron  and  Gulval  On 
the  coast  at  Mouseholo  the  sedimentary  series  has  been  vor\' 
much  altered.  The  grjinite  is  there  seen  to  hiive  l)een  intruded 
into  bluish,  Hagg\',  line-grained  strata,  which  it  has  baked  and 
altered  almost  into  hornfels.  Nowhere  else  along  the  inland 
boundary  has  the  actnnl  ('f)ntiict  of  this  intrusive  mass  l)een 
observed,  but  the  scdimciitary  rocks,  which  ar<'  clf^aved  red 
shales,  all  show  evidence  of  alteration.  A  large  baiid  ol'  "green- 
stone "  stretches  from  Mousehole  to  Newlyn  among  the  sedi- 
mentary rocks  which  are  there  changed  into  hard  and  compact 
hornfels.  Close  examination  of  them  indicates  that  they  have 
b«  en  nnich  puckered  and  plicated,  and  that  they  suffered  their 
i  -n-f"  Tiietamor])hism.  tngcther  with  the  "greenstone"  mass, 
dm  inir  t  he  peri<Hl  of  the  granite  imrnsinn.  No  evidence  has  been 
obtained  as  to  iiie  age  of  these  setiimeiiUirv  rocks. 

The  best-known  mass  of  "greenstone  "  In  this  district  is  that 
which  extends  from  Mousehole  to  Newlyn.  It  is  much  used 
for  roail-motal  and  for  the  manu&cture  of  artificial  pavement. 
At  the  Penlee  auarries,  wlii«  h  give  employment  to  a  large 
number  of  men,  the  rock  is  blasted  out  of  the  face  of  the  quarry 
and  is  afterwards  broken  up  by  thejiand  and  liy  machinery.  It 
is  an  cxceodingly  liard  and  tougli  imitorial,  and  on  that  accoiuit 
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cannot  be  vrarked  ynth  took  for  building  purposes.  What  is  Petuamoe 
probably  a  continuation  of  this  mass  crosses  the  stream  at  Newlyn  Ri^^^^u 
and  crops  out  behind  the  church  and  at  Mount  Misery,  extending  wUkinson.) 
in  a  northerly  direction  to  Castle  Homeck  and  Rosehill.  The 
town  of  Penzance  appears  to  have  been  built  on  a  mass  of  this 
rock,  which  crops  out  at  Lcscndjack  Hill  and  Coombe  Quarry, 
extcudin^^  in  an  easterly  direction  towards  Gidval.     In  all  these 
masses  an  extreme  tougluiess  of  character  is  maintiiined.  A 
lar^^e  quantitv  of  the  rock  is  used  locally  &>r  road-metal  under 
the  name  of  wue  ef/van. 

The  granite'  of  the  land's  End  district  is  seen  to  great 
advantage  round  the  coast  from  Mousehole  to  the  Liind's  End 
and  thcMCf  northwards.  In  the  interior  the  roek  is  not  well  ex- 
posed owing  to  the  readiness  with  which  it  weathers  and  ri  innbles 
away,  while  round  the  coast,  the  weathering  of  the  nialerial  along 
the  joints  gives  rise  to  singularly  artificial-looking  masses.  Inland 
the  same  kind  of  weathering  occurs,  but  the  rock  appears  there 
on  the  htll-tops  in  the  fonli  of  huce  mushroom-shaped  bosses. 
Along  one  set  of  nearly  horizontal  or  gently  undulating  joints 
the  rock  decays  more  readily  than  on  the  flat  or  rounded 
surfaces.  Anntlier  set  of  joints  which  has  a  more  or  It^ss 
verticid  direcliun  luis  not  the  same  ijn))ortance  in  determining 
the  architectural  aspect  of  the  rock,  but  is  eilective  in  allowing  it 
to  weather  into  columns  and  obelisks. 

The  granite  is  a  porphyritic  rock,  its  most  conspicuous  con- 
stituents being  crystals  of  grey  felspar,  which  possess  a  beautiful 
pearly  lustre,  and  arc  often  three  to  four  inches  long  and  more 
than  an  inch  in  hrcadth.  Tlio  ground  mass  throngh  which  the 
crystals  are  dispersed  consists  of  quartz,  felspar,  and  mica. 
Schorl  also  occurs  at  Castle  Trenecen,  where  the  Logan  Rock 
sUmds,  and  wliich  is  cited  by  De  la  Becue  as  a  good  example  of 
the  occurrence  of  this  mineral. 

This  beautitiil  granite  is  worked  in  several  quarries.  It  is 
dressed  on  the  spot,  and  sent  away  sometimes  in  enonno!. , 
blocks.  Besides  the  contact  junction  of  the  granite  with  the 
se<limontary  rocks  at  IMonsehole,  already  referred  to,  another  is 
exposcfl  further  round  tlie  coast  to  the  west  at  Tater-dn- Point. 

At  Mousehole  the  granite  penetrates  and  alters  the  sedinientary 
rocks  into  which  it  sends  veins  and  tongues  in  every  dii'ection,  and 
encloses  portions  of  them.  It  is  noticeable  that  the  cry.stals  of 
telspur  (several  inches  long)  are  as  lai'ge  at  the  contact  as  they 
are  in  the  interior  of  the  mass.  No  '  chilled  ed£(e"  is  here  to  be 
seen.  On  the  other  hand  at  Tater-du-Point,  wdiere  1  he 'granite 
surrounds  an  inlier  of "  greenstone,"  it  becomes  gradually  tinei*  in 
<rrain  for  some  six  to  eight  yards  Innn  the  contact,  a)jd  at  the 
actual  junction  presents  a  good  exampie  of  the  close  tcxtine  .so 
usual  where  masses  of  eruptive  material  have  been  rapidly 
cooled  by  coming  against  older  and  much  colder  rocks. 

Veins  of  tine-grained  granite  have  been  observt  .1  ;i1  several 
places.  At  Mousehole  fine-grained  granite- veins  pierce  bojh  the 
coarse  porphyritic  mtiss  and  the  sedinientary  rocks,  while  at 
Tater-du-Poiat  similar  veins  cut  across  the  main  granite,  and 
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also  the  *'  ^ceostone/'  At  Whitosand  Bay  innumerable  veins  of 
sranito,  very  tine  in  texture,  and  varying  tV  m  m  inch  to  several 
feet  in  thickness,  cut  the  coarse  porphyritic  mass  in  every 

direction. 

T'liniiLrh  there  is  mison  to  siispuct  tlial  tlic  rocks  in  the 
Faluioutb  FiiiiiiuuLa  dibUict,  I'mil;  n  t  o.jnisefl  to  l)u  J>ouor  Silurinn.  are  not 
i^U^I  B,  nioiiUii  the  only  iipiVMUlativus  ot"  that  jiysteui  in  lliis  jjart 

Hill.)'  *  Ot  Cornwall,  and  that  eventually  it  may  prove  that  there  are  really 
no  Devonian  strata  there,  an  account  of  the  recent  work  of  the 
Gcologiciil  Survoy  in  that  district  is  inserttHl  in  t  he  present  section 
of  this  volume,  in  accordance  with  the  order  followed  in  previous 
Rf'f'in'ts.  Further  research  may  justify  the  detinite  relegation  of 
a  I  ousiderablo  traei  of  ground  m  the  south-west  of  the  county  to 
Silurian  format  ions. 

While  ilic  oceurreuce  of  Lower  Silurian  strata  on  the  southern 
coast  of  Ck>mwall  has  boon  well  known  for  so  many  years,  the 
relations  of  these  strata  to  the  rest  of  the  "  killas  or  "  grau> 
wacke*'of  that  part  of  the  country  have  never  vet  been  ascer- 
tained. The  structure  of  the  ground  is  exceedingly  complieated 
and  can  probablv  only  be  unravelled  by  patieiit  examination 
with  the  uid  of  large-scale  ma|»s.  Tltis  is  ih<3  task  which  has 
been  assigned  to  Mu.  Hil.L,  who,  from  his  slation  at  Falmouth, 
has  continued  the  Survey,  of  which  some  account  was  given  in 
last  Swtmuu'ii  of  Pn >()!'(  88.  He  has  made  a  perceptible  advance 
during  the  past }  ear,  as  will  be  seen  from  the  following  narrative 
which  he  has  furnished: — 

The  field-work  has  l)oen  carried  well  intu  the  interior.  The 
various  estuaries  which  diverge  from  Falmoaih  Harbour  and  the 
lielford  river  penetrate  deep  into  the  heart  of  the  <  ountry,  antl 
afford  more  or  less  continuous  sections  of  the  strata.  Their 
courses  are  so  tortuous  that  the  examination  of  them  has 
involved  the  mapping  of  (18  milos  of  coast  sections  in 
addition  to  what  was  reported  for  1898.  Tlicse  deep  indenta- 
tions liave  allowed  the  strata  to  be  continuously  lollowed  without 
a  break  from  the  sea-coast  at  Falmoulli  to  practiciilly  midway 
across  the  bre^elt  h  of  Cornwall.  AdvanUige  lias  also  been  taken 
of  the  numerous  cuttings  along  the  line  of  the  Great  Western 
Railway.  All  these  natural  and  artiticial  sections  have  been 
mapi>ed  in  detail,  and  have  been  of  considerable  service  in  the 
womnjy-oni  of  rh.  stratigraphy  of  tho  district,  since  generally 
over  the  surtace  of  the  interior  the  rocks  are  only  to  be  se^m 
in  i'^ftlatetl  exposures  and  usually  in  an  advanced  state  of 
decojnpositioii. 

It  was  nicuiioiied  in  last  Siiunnary  that,  in  the  absence  of 
pakuoiitological  data  Mu.  liiij.  liad  scparat(>d  the  slates  of  the 
district  lithologically  into  the  following  divisions  * : — 

1.  Veryun  beds. 

2.  Portscatho  slates. 

3.  Variegated  (Falmouth)  slates. 

4.  Mylor  series. 


*  Jiummari/  0/  Prmjt'ef*  U*t        p.  97» 
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These  p^oups  succeed  one  another  in  the  order  here  given  Falmouth 
from  eiisl  to  west,  and  their  perakteuce  over  wide  areiis  as  distinet  pj^^^..^ 
stratigraphical  horizons  has  been  confirmed  hy  the  work  of  lust  (Wr.  j.  R 
vear.     Tho  eastwurd  extensions  of  the  Port  sea  llio  slates  in  Hill,) 
Verv  ni  Buy  were  colonred  ]»y  !  H:  la  IU;che  as  Lnjwer  Silnrian, 
und  the  simto  strata,  after  sirikniu  i\\u>  (terrans  l>uy,  nud<e  their 
ji^ipearance  again  south  of  the  Heltord  Kiver.    The  ptirt  of  the 
district  to  the  south  of  Falmouth  has  now  been  examined,  and 
the  results  of  the  work  will  here  be  brieHv  stated. 

In  order  to  determine  the  relations  ])etwe4;n  the  I  'di  tscatho 
slates  (No.  2)  and  the  straUi  south  of  Helford  River  the  coast- 
section  was  examined  in  detail  I  between  Falmouth  Vy-iy  mA  the 
Nare  Point.  From  Maen  Forth,  where  the  \^ari*'<:.<U  (i  .Siutes 
(No.  ;i)  are  hist  seen,  the  coast,  as  far  as  the  Iklford  River, 
presents  an  uninlorruj)ted  section  of  the  blue  slates  and  tine 
sandy  beds  of  the  Portscatho  slate  scries  in  their  uornml  condi- 
tion. South  of  tho  Helford  River  they  are  well  exposed  as  tar  as 
8t,  Anthony  Cretjk.  As  thoy  are  followed  southward,  how* jver, 
(hev  have  sutfered  more  severelv  from  the  stresses  which  have 
indnru  (1  the  folding  ami  cleavaije  ot  the  rocks.  At  l)ciuiis  Head 
the  si  nil  tures  set  up  l»v  these  movements  have  been  curried  a 
step  tiHtlier.  The  strutu  have  been,  us  it  were,  suhjecteil  to 
mylonisiition  (or  crushing)  of  a  coarse  type,  insomuch  that  they 
have  been  reduced  to  a  mass  of  coarse  lenticular  patches  of  rock, 
the  lentides  being  several  feet,  in  some  cases  jards,  across,  and 
the  whole  presenting  the  character  of  a  gigantic  breccia.  These 
leiiticlos.  when  thoy  have  been  torn  from  quartzose  beds,  resemble 
huge  l)ouldei's ;  in  otlu  r  places  the  apex  of  a  folded  liiid)  has 
been  detiiclied  and  isolute(l  from  the  parent  mass.  This  extrcniely 
coarse  type  of  brccciated  structure  is  more  or  less  continuous 
along  the  coast  as  far  as  Porthalla,  whero  tho  northern  edge  of 
tho  Lizartl  "complex"  ui)])('.n-s. 

Betwiuju  Dennis  lieau  undllioNaro  Point  a  conglomerate  is 
interbedded  with  bhie  slates.  Near  the  Nare  Head  a  quurlzite 
appears,  and  furtln  r  sinith,  nearer  Porthalla,  a  small  liiiiostone 
band.  The  limestoiu  and  ipiurlzitc,  as  well  as  the  conglomerate, 
arc  fouiid  associated  with  the  blue  slates. 

The  conglomerate  was  described  by  De  la  liE<  he/  who 
re< cognised  in  it  fragments  of  homblcude-slate  in  addition  to  tho 
material  supplied  from  local  sources.  It  is  well  seen  on  the 
shore  e^ist  ol  Men -aver  Point  where  it  has  an  outcrop  of  nearly 
a  third  of  a  mile.  Still  further  east,  at  the  Nare  Point,  conglo- 
meniti'  is  a^Mii!  expo.sed  for  a  tV'A-  yard.s.  As  the  strata  arehiglilv 
folded  it  16  probable  that  the  su.  eessive  outcrops  are  parts  of  the 
SiiUio  mus.s.  jjefore  the  uuiia  body  of  the  conglomerate  comes 
on,  thin  seams  of  lino  conglomerate  may  be  observed  to  be  inter- 
cabtod  in  the  slates.  These  scams  vary  from  six  inches  to  a  foot 
in  thickness.  Commencing  next  the  slates  as  sandstone,  they 
rapidly  become  coarser,  occasionally  including  fragments  three 
or  four  inches  across.  .The  fragments  are  made  up  of  black  slate 
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F^linoath     and  grcyish  groen  skte,  rounded  and  sub-angiilar,  together  with 

Rl^'  j^B  angular  pieces  of  white  quartz.  Tills  part  of  the  rock  is  generally 
HUl.)         fine-grained.   ThtMoarsc  conglomerate  begins  with  aninge  of 

similar  material,  wliich  also  forms  tlic  matrix  of  the  coarse  nuiss. 
The  larL^  r  boulders  are  made  np  of  slate,  qnartzito,  and  vein- 
quartz.  Many  of  the  quartzite-hlorks  .in-  of  Imire  size;  the  smaller 
boulders  of  this  material  arc  geutaaily  well-iounded,  as  are  also 
many  of  the  fragments  of  white  quarts.  In  addition  to  these 
figments,  which  nave  been  derived  from  rocks  in  the  immediate 
neighbourhood,  boulders  of  foreign  nuiteriai  are  also  present,  con- 
sisting of  ^anitic  and  felsitie  rocks,  sonic  of  which  arc  foliated  : 
quartz-ftslsito  and  ifrecn  sehistosf  fra^nncnts,  some  of  which 
are  probably  referable  to  the  liuriiblundo  schisfs  of  the 
Porthalla  district  to  the  southward,  wliile  granitic  and  felsiti(^ 
fiiiguic^nts  may  have  been  derived  liom  the  older  rocks  of  the 
Lizard ;  at  least  they  do  not  resemble  the  granite  and  associated 
rocks  that  Ho  to  the  north  of  this  part  of  Cornwall.  These  far- 
d<M-iv(xl  materials  are  generally  m  a  highly  decomposed  con- 
dition; V  1iave  also  sutt'ered  brecciation  froui  the  stresses  to 
whi- li  tlio  (  onirlomcrate  has  been  suljjocted  in  coTinnon  with 
the  rest  ot  till- rocks  of  the  district.  Amongst  the  fiai^ments  of 
green  rucks  in  tiioConglomenUe,  one  ^s  llich  was  very  ik^!r|)entinous 
but  tigyy  lissile,  unfortunately  could  not  be  extracted  from  the 
rock.  Whether  it  should  be  associated  with  the  Lizard  ser- 
pentines,  must  remain  doubtful.  Boasb»  indeed,  has  stated  that 
fragments  of  ser|)entine  and  dialla;:rn-roi  k  occur.  De  LA  Beorb 
oh><  i  ved  hornblende  slate,  but  could  not  detec'.  serpentine  or 
diallagc-rock.  Since  the  time  of  De  la  B3:''tii:'s  survey  the 
existcii(;e  even  of  pieces  of  the  hornblende-slate  lias  been  doubted, 
no  sul>Hequent  observer  having  detected  it.  Mr.  Hills  oKserva- 
tions  ten  I  \-)  conlirm  Dk  lv  Blc he's  statement.  If  the  frag- 
ments of  foli  ite'l  granite  have,  as  is  probable,  been  derived  froni 
the  Liau-d.  distvi  serpciitine  may  ]wrhaps  yet  be  found 
included  in  it.  it  must  be  borne  in  mind,  however,  that  the 
granite  and  other  igneous  fragments,  supposod  to  hnve  been 
derived  from  that  distri'M  are  genfMally  much  doconi posed,  so 
that  the  cliances  of  so  soft  a  rock  as  serpentine  surviving 
attrition  during  transport  might  not  be  great.  Althoujjh  lietter 
able  to  resist  severe  movements  of  the  terrestnal  crust 
than*  the  slaty  rocks  among  which  it  lies,  the  Conglomerate 
has  undoul)tedly  experienced  similar  stresses.  Its  upper  la^^ers 
11  1  V,  yielded  to  the  movements  as  completely  as  the  slates  on 
either  side  of  it.  Momover  it  is  traversed  by  plnncs  along  wbieh 
shearinir  htis  lakcu  place,  so  that  its  constituenl  l»ouldor.>  have 
sometimes  been  l»rokeu  acr(>ss.  Thin  quartz-veins  ouwisioiially 
traverse  both  boulder.s  and  matrix.  The  qiiartzite  Ixjulders  are 
sometimes  almost  welded  into  the  gritty  parts  of  the  Con- 
glomerate. A  mica-trap  dyke  rises  in  the  Conglomerate,  in 
which  it  is  no  doubt  intrusive,  although  its  junctions  with  that 
rock  ore  not  seen.  No  fragi  nent.s  <  >r  i  t  occur  in  t  ho  Conglomerate. 
Tlie  mica-tmp  is  of  the  normal  type  of  the  dykes  which  in  this 
district  cut  the  Portscatho  slates. 
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The  quftrtxite  is  first  seen  on  the  south  side  of  Naare  Point,  Falmoath 
but  on  account  of  the  coarse  brecciated  structure  that  has  been  .> 
previously  described  as  occurring  in  this  neighboiirliood,  it  ' 
cannot  be  continuously  followed.    It  occurs  here  as  a  lenticle 

nViout  10  fbet  long  and  5  or  0  feet  wide.  A  little  further  south, 
iK'twrt'ii  Xare  Point  and  Xare  Head,  the  uuart'/ite  seen  a  little 
inland  al»()\e  the  fliff  probably  represents  the  jkirciit  mass  iruin 
which  this  large  lenticle  has  Ijccu  isolated.  It  is  a  ^rc^  com|)act 
rock  which  has  suffered  a  great  deal  from  the  brecciation  of  the 
district  Its  interstices  are  filled  with  vein-quartz,  consetpiently 
it  is  a  mixture  of  quartzite  and  secondary-quartz.  Except  that 
it  is  more  brecciated,  it  is  similar  in  character  to  the  quartzite 
of  Carne  in  Gemini;  Bay.  Tlic  tliin  limestone  seen  near 
Porthalla  also  resouibics  the  limestone  at  Gidley  Well  in  Gerraus 
liay. 

Besides  the  quartzile  of  Carne  and  the  limestone  of  Gidley  t^«ri»i»  Bay. 
Well,  the  Veiyan  scries  of  the  Gerrans  Bay  district  also  contains  ^^^^ 
a  conglomerate,  and  is  thus  brought  still  further  into  relation 
with  the  strata  between  Dennis  Head  and  Nare  Point  south  of 
the  Helford  River.  Indeed,  the  evidence  furnished  by  a  study  of 
the  two  sections  is  ample  for  the  correlation  of  the  rocks  in  the 
two  areas.  De  la  Bec  iie  clearly  recognised  the  probaliility  of 
their  identity,*  although  the  Veryan  beds  were  coloured  on  his 
ma^  as  Lower  Silurian,  while  what  must  be  regarded  as  their 
equivalents  south  of  the  Helford  River  were  coloured  as  Devonian. 
As  the  Veryan  beds  have  been  determined  by  pakeontological 
evidence  to  be  Lower  Silurian,  it  is  clear  that  strata  of  Lower 
Silurian  iv^q  extend  still  furtlu  r  to  t  bc  soulh-west,  and  that  they 
form  the  northern  boundary  ot  the  Lizard  mass  of  eruptive 
rocks. 

The  positions  of  the  foiu*  groups  of  struUi  emiuiorated  in  the 
table  on  p.  88  were  given  last  year  mainly  as  they  appear  on  or 
near  the  coast  line.  But  as  those  strata  have  since  ooen  traced 
well  into  the  interior  of  the  county,  a  better  idea  of  their  geologi(;al 
range  can  now  be  afforded. 

The  Veryan  group,  as  we  have  already  seen,  after  being  lost  in 
Gerrans  Hay,  reappears  on  the  Meneiigo  Peninsula  to  the  souths 

west.  It  is  then  succ«^odrd  fnrthcr  west  by  tVic  I V>rtst  ;ithn  qronp, 
which  is  well  (exposed  along  the  coast  line  Iruiii  (  itMT.ins  Buy  to 
the  Zo/o  Point.  On  the  west  side  of  the  Carrick  l{<»ads,'tlio 
Portscatho  slates  occupy  the  country  between  Falmontb  liity  and 
the  Helford  River,  from  which  they  continue  in  a  south-westerly 
course.  From  Pendennis  Point  they  have  an  average  north  and 
south  strike  as  far  as  Truro,  and  occupy  the  bioiul  tract  of  country 
between  that  place  and  Gerrans  Bay.  The  Mylor  scries  (No.  4) 
covers  an  area  of  perhaps  cqnal  extent  west  of  n  north  and  south 
liiu  brtwcdi  Truro  anil  Fabn<  mt  li.  Tb«'  Varir-j.acd  Slates  (Xo. 
whicli  lie  )>ctwecn  the  Portscatbu  slates  and  iho  Myl'  r  series,  have 
been  ascertained  by  the  recent  mapping,  as  far  an  this  district  is 
concerned,  to  be  of  much  smaller  extent  than  the  two  divisions 
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Cermu^  Bay.  which  it  divide.s.    Some  furthur  paiticiilurs  may  be  given  in 
(Mr.  Hill.)    addition  to  what  was  stated  last  year  in  reference  to  the  several 
groups. 

In  respiM't  t<»  the  Portscatho  sl.ites,  indeed,  little  has  now  to  be 

added  to  the  tormor  desoriplion.  TIkt  are  ahnost  continiiously 
exposed  jilon*,'' th<  whole  lino  of  ro.ist  from  (torrans  Hav  to  tlio 
litMfl  ot"  Ht  lfoni  Kiver,  and  H:<  Lrr«'  iU;r  part  of  the  estuari<  s 
t  luil  strike  inland  from  the  (  ;uii<  k  lioads  travei'se  this  seritis  of 
strata,  no  that,  as  it  ciin  be  followed  in  eouiinuous  coast -sections 
across  the  strike  from  the  luouth  of  Falmouth  Harbour  to  Truro 
and  Tresilian,  unusual  &cilities  are  attbrded  for  its  detailed 
examination. 

The  Varieijated  Slates  which  form  a  well-marked  belt  at 
Falnintitli  cannot  be  so  eontninoijsly  traced.  Retwron  Falm*>nth 
a?id  Ti  iii"  ill*  V  appe^ir  in  lenticnkir  strips,  tMilnsr  as  intolds 
wiihin  llii  I'urtscatho  scries  or  else  as  partitions  Ix^twecn  the 
Portscatho  and  Mylor  series,  w  bile  occiisionally  thoy  may  be  s?een 
as  infolds  within  the  area  of  the  Mylor  sories.  The  axes  of  the 
isoclinal  folds  into  wdn<*h  all  the  groups  <  >r  strata  have  been  tin-own. 
do  not  correspond  witli  t])o  general  strike  of  the  stratigraphical 
zones  bnt  cross  it  rather  oliliqnely,  so  that  the  mappintj  nrin.i::s 
out  sm-rrai  more  or  less  parallel  lentienlar  masses  of  the 
Varie*;aLed  Series  aloni^'  a  yjniv  ol.liqne  to  their  loni»'er  axes  tlie 
several  repetitions  bcin<»  due  to  isoclinal  folds.  These  intolds 
are  never  Tound  veiy  far  from  the  general  l>oundary  of  the  two 
adjoining  series^  except  near  Ruan  Lamhorne,  where  two  stich 
pUehes  occur  within  the  Portscatho  serieR,  but  indicating 
probably  the  upward  linu't  of  the  Portscatho  scries  a*  that  place 
Th(^  trronnd  southwards  from  Falmouth  ati'ords  similar  evi«ience. 
The  lard^e  belt^  at  Falmouth  and  Maen  Forth,  apparent ly.  "  nose 
out,"  and  the  .se<  tion  alon<;  the  fb  ltord  Uiver  winch  <  rosses  tlie 
strike  shows  uumeriHis  zones  <ir  this  scries  iutcrfolded  with  the 
Portscatho  slates.  80  dose  are  these  intercalations  that  in  iihiny 
cases  it  is  quite  impossible  to  separate  the  stratii^n-apliical 
divisions  on  tlie  map. 

It  was  pointed  out  in  last  Sntnififtrif  that  the  Variegated 
Slates  of  Falmouth  are  innrc  arcnircoiis  (ban  the  series  at 
St.  Mawes,  and  as  tli» ;ir<  l  arr'n  d  ^tiil  t'arrlit  r  tn  the  south-west, 
they  are  tbnnd  to  l)e  mainly  arenaceous,  uliu<)>t  to  the  tol<il 
exclusion  of  argillaceous  material,  so  that  at  llelford  River 
they  are  represented  almost  entirely  by  bulT  sandy  beds.  Hence 
the  alternations  in  colour  from  the  grcen  arffillaeeous  to  the  buflP 
sandy  type  are  also  lost,  and  consequent^,  instead  of  being 
varii^crated  they  are  here  of  a  uniform  bun  tint.  Within  this 
series  of  strata,  linth  at  Falmouth  and  at  St.  Mawes.  narrow 
zones  of  sharply-contrasted  purple  and  green  slates  have  been 
ol)s(u  ved,  likewise  to  the  north  of  St.  Mawes,  between  Me.sack 
Point  and  Tumawarc  Point,  where  rocks  of  this  character  arc 
strongly  developed  in  the  Variegated  serit^s. 

The  Mylor  scries  ..f  Hnely-stripod  slat4's  has  been  found  to 
present  a  remarkable  brecciated  stmcture,  to  which  brief  allusion 
was  made  last  year.   So  imiform  W4u>  ihiii  character  of  the  series 
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over  largo  amis,  that  iliis  pailicnlar  strucMiro  was  supposed  to  (iomin  liay. 
be  due  to  orii^nnal  (-(nidirious  of  (U^posit,  rather  than  to  secondary  t^*"*  '^'•^d 
processes  of  deforination.    The  tiold-work  of  last  season,  however, 
lias  rev.'idcd  that  the  brecoiation  is  not  so  common  as  was 
heH(  v<  il  from  the  mapping  of  the  strativ  hctucon  FnlmniUh  and 
RestroitguU  P«»int.    The  stni«  iure  in  qiiestioii  sot-ms  to  In;  iiK)re 
or  IcNss  confined  to  the  latter  locality,  the  outcrops  iiirther  west 
and  north  being  practically  free  from  it.    It  is  probably  the 
result  of  the  stresse**  to  whicih  the  IkmIs  have  been  suDjeded.  Its 
ext^t  may  be  gathered  from  the  ^t  that  in  some  places  it  may 
be  continiKnisly  fV»l|(>\iv-t  (]  ,ht(»ss  the  strike  for  over  half  a  mile, 
the  strata  l)eing  made  up  o\  a  m-i^s  of  fragments  from  the  size  of 
peas  up  to  5  or  ()  inches  m  leugiii,  enveloped  in  a  slaty  matrix 
and  with  their  flat  sides  lying  in  more  or  less  parallel  planes. 
These  breccias  clearly  consist  oF  the  same  material  as  the  non- 
brecciated  part  of  the  same  group,  which  is  composed  of  inter- 
laminations  of   pale  ami  dark  argillaceous,  occasionally  pale 
siliceous  material.    The  fragjiicnts  aro,  as  a  ride,  juignlar.  hut 
some  are  woll  ron?id(H).    Alt lionirli  dir<M't  evidoru  «'  (if  l h«'ir  ori;:;*ir^ 
is    not    oftrn    tnrl]ir(.iiiiri'_f,  vri,  occasionallv,  slnifes   mav  U" 
detected  in  the  process  ot  Uianufacture  which  if  carried  a  step 
further  would  have  resulted  in  the  production  of  Isolated  frag- 
ments.  Besides  haying  been  thrown  into  numerous  isoclinal 
folds,  these  stratii  throughout  their  whole  material  have  been 
aftected.    The  Mylor  scries,  from  the  varying  nature  of  its 
interlaminations  and  the  eorresjjonding  variations  in  their  ability 
to  resist  crushinL''.  appears  to  have  been  unable  to  overcoine  the 
main    strains  without    this    process   of    brecciaiion.  Still, 
for  the  most  part,  this  structure  is  evidenllv  rare :  it  occurs  only 
in  the  neighbourhood  of  faults,  and  is  evidently  the  last  stage 
after  the  roldin^.   The  separation  of  the  fragments  has  been  duo 
to  the  limbs  of  folds  being  isolated  by  the  movements*  which 
have  produced  a  struoture  somewhat  sinnlar  to  the  coarser 
lenticular  structure  in  the  section  between  Falmoufli  Bny  and 
the  Nare  Point.    There  has  been  a  combination  of  niiniilc  ovcr- 
folds  and  thrusts.     Instances  may  occasionally  l)e  seen  where 
tiic  disruption  of  the  folds  is  not  i^uito  complete,  and  where  the 
almost  isolated  folded  limb  precisely  resembles  the  separated 
fragments.    The  phenomenon  appears  to  be  related  to  that 
described  by  Mr.  LAMPLr<;u  in  his  paper  "  On  the  Crush  Con- 
glomerates of  the  Isle  of  Man."    In  t  lu  ( '<nnish  examples,  how- 
ever, there  can  be  no  donV)t  tliat  the  altt-rnat insr  materials  of 
which  the  strjit.i  aro  made  up  has  been  a  potent  factor  in  this 
type  of  deformation. 

The  brecciated  structure  now  described  as  so  prominent  a 
feature  in  the  Mylor  series  is  not  confined  thereto.  A  similar 
structure  on  a  large  scale  may  be  seen  south  of  Helford  River, 
even  in  the  Mylor  series  itself  at  a  distance  from  the 
brecciatetl  areas.  Feebly  brecciated  zones  arc  met  with  in  the 
neighbourhood  of  faults.  Minor  znnc«  of  brecciated  material  can 
likewise  bo  seen  in  the  Portscatho  series,  generally  in  thin  bands 
near  a  fault  where  small  angular  fragments  of  slate  may  be  found 
enclosed  in  a  matrix  ot  similar  material 
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< ii;m^  I'rtiy.  In  Gurrans  Bay  in  one  of  those  bands  of  l>recciated  dark  shile 
(Mr.  Mill.)  II  criiioid  .stoin  was  seen  to  ho  apparently  unhrokcn.  Tt  wotikl 
he  ahnost  impossible  to  '^''pjirate  this  hand  from  similar  strata 
whore  the  hreccifitfMl  orii,nn  is  clear.  The  rock  seems  to  have 
heen  ahle  to  untlergo  considerable  doformation  as  a  whole  while 
small  portions  were  unatfoctod.  The  isolation  of  the  fragments 
has  sometimes  been  produced  without  folding;  instead  of 
faulting  sucoeoding  the  folding,  the  stresses  have  resulteil  in  the 
direct  formation  of  movement-planes,  which  have  isolated  the 
franrnirnts  froiu  the  main  mass. 

The  igneous  rocks  of  the  Faliii  niih  distriefs.  l)e>sido.s  the 
granite  and  the  qiiartz-porphyiy  ti}kes,  are  of  the  types 
consihiing  of  greenstones  and  mica-traps.  The  former,  many 
of  which  are  schistose,  arc  confined  to  the  Mylor  series,  while 
tlio  latter  are  found  in  the  other  stratigraphical  divisions. 
Theso  arc  especially  numerous  along  the  ral  actions  of  the 
Portscatho  series. 

The  margin  of  tlie  •jranitc  being  evervwliere  o})scured,  the 
ground  lias  proved  hii^bly  niisntisfactory  for  the  study  of  the 
efleets  f)f  couiaei-metauiuj  phi.sju  on  the  slates.  Although  the 
boundary  of  the  eruptive  rock  bis  been  followed  for  nine  miles, 
the  actual  junction  of  the  granite  and  slates  has  only  been 
observed  at  one  place.  Besides  the  knotted  structure,  referred  to 
last  year,  muscovite  and  biotite  have  also  h&aa,  developed  in 
the  slates.  The  mica  in(;roases  in  abundance  towards  the  granite 
and  has  been  observed  as  far  ns  half-a-mile  away  from  the 
line  of  cont^ict.  It  occurs  in  minule  scales  but  in  consideralile 
quantity,  and  both  micas  in  about  equal  atnount,  but  white 
mica  is  more  confined  to  the  immediate  neighbourhood  of  the 
granite,  whereas  black  mica  occurs  equally  over  the  whole 
aureole  where  a  niicacooiis  constituent  is  present.  The  knotted 
slates  have  sometimes  been  observed  at  a  distance  of  a  mile  and 
a-hsdf  from  the  nearest  visihle  granite. 

As  pointed  out  in  previnns  Keports.  ilio  stnicturcs  of  the 
stratified  formations  in  the  south  of  Cornwall  are  identical  with 
the  stru(;tures  of  crystalline  schists.  In  the  Falmouth  district, 
so  far  as  yet  examined,  true  slatos  have  not  been  met  with.  The 
strata  have  been  thrown  into  a  scries  of  isoclinal  folds  accom- 
panied by  small  faults.  With  these  folds  and  faults  minor 
structures  have  lieen  s(>t  up  until  the  whole  rock  has  oft^ 
hocome  a  mass  of  iiiinute  folds  and  thrusts  with  their  accom- 
panying strain-.sli  j)  cleava^'cs.  Tliese  prn<  esses,  as  we  have 
.seen,  have  been  canicd  so  lar  that  "  cru.sli-conglomcrates  "  have 
been  jproduced  on  a  large  scide.  It  is  evident  from  a  study  ol 
this  district  that  had  the  rocks  been  subjected  to  these  stresses 
at  a  greater  depth  and  below  the  zone  of  fractiure  wli^re  they 
would  not  have  been  so  free  to  move,  they  would  have  been  con- 
verted into  true  schists.  Tliey  po.s.sess  now  every  stmctuie  of 
s<^hists.  lint  tlic  minoralizntinn  lias  hf»en  wanting. 

The  visil  »l<'  dip  of  the  rocks  is  of  no  value,  ex(  e|)l  as  registering 
the  inclinalion  of  the  limbs  of  folds.  As  an  illustralion  of  this 
foct,  it  may  be  pointed  out  that  although  the  strata  have  a  steady 
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dip  to  the  south-east  between  Falmouth  and  Truro,  and  we  are  (^enuns  Bay 
apparently  crossing  the  strike  from  the  coast  to  the  heart  of  the  t^*'- 
county,  yet  instoarrnf  getting  deeper  in  the  stratigrapliical  series 
wo  are  on  prorisely  the  sfimc  frcnh>gical  horizon  at  Truro  a.s  at 
Fahnonili,  the  intervening  ground  being  made  Up  of  a  succession 
of  isoeliuul  folds. 

Ageoftlui  i^tnitljUd  liuclcs  in  Uic  Falmouth  JJUirui. — The 
limestones  and  quartzites  of  the  Venran  Series  contain  fossils 
which  determine  these  beds  to  be  Lower  Silurian,  and  they 
wore  recognised  as  such  by  De  la  I^eche,  and  coloured  accordingly 
in  his  man.  The  Conglomerate  already  alhuled  to  as  oocurrmg 
at  Xaro  lif  .ifl  in  (Jcrrans  Hav,  and  :it  a  headland  bearing  the 
same  mil iie  huulii  of  thu  Il(-lfnrd  Ixivi-r,  ((Uit^iins  boulders  and 
pebbles  of  quartzito  and  not  inipruhably  marks  a  break  between 
the  L^^per  add  Jjower  Silurian  formations.  Although  the 
succession  from  the  Veryan  series  to  the  Mylor  sorias  is 
apparently  a  deseending  sue<;ession,  the  true  position  is  probably 
the  reverse,  and  the  Portscatho,  Falmouth,  an*l  Myl  >i  series 
may  be  Upper  Sihirian.  At  pres(;nt  no  pala*ontologieal  evidenee 
i:^  avall.t^]''  to  settle  the  strat  iL,naphieal  position  of  these  strata, 
which  m  the  meantime  enn  only  be  provisionally  deleniiiiied  by 
thcii*  relations  to  the  Lower  Silurian  roeks.  If  tliis  inter- 
pretation should  prove  to  be  correct,  the  Devonian  system  is 
not  rei)resented  in  this  part  of  Cornwall 
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Boss-sibdre  and  Xjavemess-shire. 

A  few  additional  particulars  have  been  collected  during  the  past 

year  regarding  tlie  lower  division  of  the  Old  Red  Sandstone  of 
"the  basm  of  tne  Moray  Firth.  It  has  long  been  known  that  de- 
tached outliers  of  the  formation  arc  scattered  over  the  schist- 
country  f>f  Sutherland  and  Ross.  A  mmiher  of  previously  un- 
observed outliers  of  tliis  nature  have  been  met  with  in  the 
progress  of  the  Geolojjical  Survey  througli  these  counties.  Two 
of  thera  which  were  detected  by  Mr.  Gunn  to  the  north-east  of 
Loch  Luichart  in  the  cast  of  Boss-shire*  have  now  been  mapped  Loch 
by  Mr.  Peach.  They  consist  of  breccia  which  caps  the  two  Luichart. 
mountains  Bcinn  a  Bhrie  and  Beinn  nan  (  ^abag.  In  placing  the  ^^^^^J  ^ 
details  of  their  structure  on  the  maps  Mr.  Peach  has  noticed 
further  evidence  of  the  exceedingly  uneven  surface  of  schists  on 
which  thase  breccias  and  conglomerates  were  deposiied.  In 
particular  the  reuuukahle  uugen-gneiss  wliich  tonus  so  con- 
spicuous a  feature  in  the  geological  structure  of  that  district  rose 
as  a  ridge  above  the  rest  of  the  crystalline  rocks  in  the  waters  ot 
the  Old  Bed  Sandstone  basin. 

Further  progress  was  made  bv  Mr,  Horne  in  mapping  the  Strath  Nairn 
Old  Bed  Sandstone  in  the  YaUey  of  the  Nairn  to  the  East  of  ^hire""^. 

— I  —  Ham©.) 

*  Annual  Beport  of  Geological  Survey  for  IQdQ,  p.  63. 
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Invorueas.  In  inicin>^  its  boundary  along  the  wost  side  of  tbo 
valley  ho  ohsorvcd  tliat  tho  hascinont  conglomr^rato  contains 
pioc«>s  of  tbo  surrouuding  graniilitcs  and  biotitc-gnoissos,  and  also 
olocks  of  porpbyrite  and  felsite. 

Beanjy  In  the  same  basin  a  fiirther  tract  of  Old  Red  Sandstone  has 

nieti'u  (.  (Mr.  h^on  mapped  hv  Mr.  Hixxmax  from  his  station  at  Beauly.  He 
iDxiuan.)  tmce(l  tlic  western  limits  of  the  formation  nortbwards  to  the 
Conon  at  Torrachiltv.  Above  Clachuile  Inn  the  river  flows  for 
.some  distance  over  a  .series  of  gently-inclined  g^rey  inieaceous 
shalf's  and  riagslones.  the  general  diircLion  of  dip  l)oing  ea.sl- 
soutli-east.  At  Newton,  a  short  di.slancc  below  the  r;i))i(ls,  tho 
beds  roll  over  towards  the  west,  and  rest  at  much  higher  angles. 
Immediately  below  tbe  fall  tlie  shales  are  intercalated  witb  and 
pass  up  into  a  well-boddoil  conglomerate,  ('omjKised  of  roimded 
stones  of  moderate  size,  and  altogether  ditf'en^nt  from  the 
coarse  tumultiious  breccia  of  Gleii  Orrin  and  tho  Beauly  river. 

Tho  junction  between  tho  conglomerate  and  tbe  Moine  schists 
at  the  mil  is  a  faulted  one,  and  is  accompanied  by  a  considerable 
amount  of  disturbance  and  breccialion  ni  the  schists.  The  line 
of  this  fault  can  be  followed  thn^ngh  the  woods  of  (^lillc  A[hor 
to  (.ilcn  Orrin,  where  it  leaves  the  conglomerate,  and  passing  into 
the  mu.st  I  )vite-l)iotite-gneiss  has  determined  the  northorly  course 
of  the  Orrin  above  Strallian  for  u  .short  distance. 

Tbe  outcrop  of  the  grov  slinlt  s  is  marked  by  a  line  of  sul- 
pliurous  wells  of  varying  str<  iigt  h.  Some  of  these  springs  rise 
ni  ihe  bed  of  the  rivt-r,  and  are  only  seen  when  the  stream  is  at  a 
low  level.  Others  apj)ear  at  Muirton  Mains,  Coul  of  Fairburn, 
and  in  the  river  Orrin  at  Balno.  There  is  also  a  well-known 
spring  of  this  nature  jn.st  outside  the  village  of  Beauly,  indicating 
the  prestMKM?  of  the  shales  at  this  point  beneath  the  thick  cover- 
ing  of  recent  marine  alluviimi. 


Lome,  Argyllshire. 

In  tlic  SamiiKfrif  of  Pnnjress  for  1807,  and  in  that  for  1«*.>8 
accouiil-i  have  been  given  of  the  interesting  discovery  of  remains 
of  tishcs  and  other  organisms  in  the  sedimentary  strata 
associated  with  the  volcanic  series  of  Lome.  The  occurrence  of 
Cephnbisi^ls  defmltely  proved  these  strata  to  belong  to  the 
Lower  Old  lied  Sandstone.  During  the  past  year  further 
information  brts  been  ol)tained  regarcling  th(;  fauna  that  was 
contrmporaucuus  with  tlu^  Cf7>A<//">7'/.*<  in  the  ancient  water- 
basin  of  Jjorne.  Remains  of  Ostracod  crustaceans  have  been 
detected,  and  thouj4h  iheii'  stiite  of  preservation  is  not  us  perfect 
as  could  be  wished,  their  forms  arc  at  least  generically  recog- 
ui%ible.  Possibly  some  layer  of  stone  inav  yet  be  met  with  m 
whifh  not  only  these,  but  other  organisms  have  been  more 
prrfs  <  tly  preserved.  Palteontological  notes  on  this  subject  will 
be  Ibuncl  on  p.  180. 
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Ltt  the  Lome  bjusiii  ot"  the  Lower  Old  l^?d  Sandstone  further  Oban  »nd 
field-work  by  Mr.  li  G.  Hymes  has  ailded  to  our  knowledge  of  oj^JJi^^r 
the  extension  of  the  sedtraentary  |)ortion  of  the  formation  ini{.G.syme&) 
that  region^andat the sanx- 1  ime  lias  oron^ht  to  light  fresh  points 
of  interest  in  connection  with  the  remarkMileyolcanic  phenomena 
of  this  basin.    Thus  he  has  detected  several  previously  unre- 
corded outliers  of  the  conpflomorate  in  the  neighbomliood  of 
Kilmelfort.    One  of  these,  of  considerable  size,  lies  a  niilo  and 
a-ha)f  east  of  Kilmelfort  Hotel,  and  to  the  east  of  Loch  a'  Mhinn. 
The  material  ci  whidi  it  consists  k  entixeljr  different  &om  that 
of  any  other  oongbmmte,  in  the  Oban  district  It  is  made  up 
at  its  base  of  large  blocks/ chiefly  of  jwrphyritc,  epidiorite,  lime- 
stone, schists,  slates,  and  some  quartzites,  with  but  little  matrix. 
At  first  it  was  supposed  to  be  an  a'j'i]jlomorate  from  the  an^^ularity 
of  its   fonjitituents,   but  when  the  groimd   was  nioro  fully 
examined  the  upper  portion  of  the  mass  wms  foimd  to  l)o  similar 
to  other  parts  of  the  Old  Red  conglomerate.     North-east  of 
Loch  nan  Ban»  where  the  conglomerate  rests  on  a  floor  of  felsite 
which  in  phices  is  highly  porphyritic,  the  greater  proportion  of 
its  blocks  consists  of  that  rock.  On  the  west  side  oi  the  exposure 
the  lowf'r  part  of  the  mass  lies  on  thick  limestones,  ]>liyllitcs, 
and  epidiorites.    ( )r'f';isi(>nal  pebblos  of  v<'in-(nmrtz  are  met  with 
in  the  higher  layers,  but  bedding  is  not  apparent,  nor  any  trace 
of  intercalated  sandstones  or  shales.    The  greater  number  of 
the  blocks  in  this  rock  near  Loch  a'  Mhinn  consists  of  a  pink 
felspathic  porphyrite.   The  conglomerate  is  there  cut  by  a  pink 
felspithic  porpli}Titic  dyke  similar  to  those  found  elsewhere, 
rising  through  the  Lower   Old  Red  Sandstones  and  their 
associated  andesites.    These  dykes  trend  from  nortli-nortli-enst 
to  s:nntb -south-west.    Tlie  strata  exposed  in  this  outlier  nmst  in 
8«)uu5  places  l)e  as  iruicli  as  400  feet.    Th(;  conglomerate  here 
has  no  andesite  capping,  nor  have  andesit/O  blocks  been  noted 
among  its  oonstituents. 

North-east  from  Loch  Losgain  Beg  another  outlier  of  con- 
glomerate extends  from  Loch  a'  Mhinn  westward,  and  is  found 
adhering  to  the  quartzites  and  epidiorites  on  the  east  side  of 
Barr  Kilmhealaird.  Tt  is  mmposed  almost  entirely  of  dt'oom- 
posed  felsite-])locks,  sot  in  a  matrix  of  commiuntod  material 
of  the  same  kind.  On  the  southern  shore  of  Loch  a  Mhinn  a 
third  small  outUer  has  the  same  composition  as  that  last  men- 
tioned, both  of  them  being  totally  di£^rent  in  their  innedients 
from  the  mass  cast  of  Loch  a*  itfhinn,  which  is  only  obtant  a 
couple  of  hundred  yards.  Fiom  the  considerable  area,  covered 
by  the  C(>nL,donicrate  to  iho  south  and  east  of  Loch  Fear,  near 
KilmcUbrt,  the  rock  miLcbt  be  supposed  to  be  well  d(^veloped 
tlicre,  but  as  it  lies  lioi-i/outall v,  and  ha,s  had  its  protecting  eovor 
of  andc^itic  lavas  removetl  by  denudation,  its  thickness  in  some 
places  does  not  exceed  a  few  feet 

At  the  foot  of  the  watei&ll  from  liOch  Fear  the  basement-beds 
of  the  Lower  Old  Red  Sandstone  consist  of  thin  purple  shales 
lying  below  the  conglomerate  and  resting  on  siliceous  schists  and 
hmestones.   Such  an  intercalation  is  most  \mu8ual  throughout 
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Obriaaifd  the  Otxui  district.  It  may  be  xemarked  in  passbg  tlaaJb 
Kiiineifori  under  the  shallow  wateis  of  Loch  Fear  a  beautmu  ice- 
Oib^RO.    polished  surface  of  the  oonglomerato  may  be  seen  wherein,  as  in 

flyiMt.)  a  kind  of  mosaic  pavement,  tbc  pebliles  of  quartzite,  pink 
porpbyrites,  voin-qmirtz,  and  cpidiorite  are  displayed.  Tbe 
irrogular  floor  on  wbicb  tbe  conglomerate  was  laid  down  is 
well  seen  to  tbe  west  and  north  of  Loch  Losgaiu  Beg,  a  mile 
east  of  Kilmelfort,  while  on  the  western  slopes  of  Barr  Eilm- 
healaird,  the  way  in  which  the  conglomerate  passes  down  into 
ciacks  in  the  schists  and  epidiorites  is  consuicuous.  These  pro- 
longations of  tbe  conglomeratic  niaterial  downward  might 
bere  and  tberc  l>e  mistaken  for  actual  intercalations  of  the 
conglomerate  in  the  sehistose  series  uiideruciitb.  This  series 
bere  eunsists  ot"  schists  ^^phyllites)  with  c^dcareous  bands, 
ouartzite,  epidiurite,  porpbyrite,  and  ielsite  with  tiow-stmcture. 
All  these  rocks  are  represented  among  the  pebbles  in  the  con- 
glomerate, which  are  mostly  sub-angtuar,  and  never  ouite  well 
roimded.  Here,  as  usual,  tliey  are  local  in  origin.  Kear  tbe 
outcrop  of  the  porpbyrite,  blocks  of  that  rock  more  than  two  feet 
long  .'ire  found  in  tbe  conglomerate.  Xo  fragments  of  andesite 
like  that  of  tbe  true  lavas  have  been  observed  in  this  exposui'e. 

The  general  local  derivation  of  tbe  materials  in  the  con- 
glomerates is  wcU  shown  all  over  the  Kilmelfort  district.  Thus 
on  the  hiU  side  above  Loch  nam  Ban,  two  miles  east  of  the 
village,  the  rock  is  so  much  made  up  of  tbe  pink  felsite  upon 
wbicli  it  rests  that,  but  for  some  roimded  pebbles  of  quartz  tnat 
stand  out  on  weathered  surfaces,  it  might  easily  bo  mistaken 
fi»r  an  igneous  iiiass.  Tbe  same  close  relation  to  tbc  midorlying 
material  may  l)e  oh.served  further  to  the  ca.st,  in  the  stream 
which  joins  the  Duchara  Burn,  near  i>u<^alochan.  At  both  j)laces 
the  compact  conglomerate  is  the  highest  bed  exposed  m  the 
section  east  of  Loch  a'  Mhinn.  About  a  quarter  of  a  mile  above 
the  road,  crossing  the  stream  already  alluded  to,  the  conglome- 
rate lias  been  derived  from  the  white  decomposing  felsite  on 
which  it  rests,  wliilo  nearer  the  road  it  is  fine-grained  and  hard, 
resenihling  tlie  conglomerate  seen  above  Locb  nam  Ban.  Along 
this  stream  a  lurgo  north-nortb-east  and  soutb-south-west  fault 
runs,  with  a  downthrow  to  the  east,  whereby  tbe  compact  con- 
glomerate on  the  top  of  the  series  is  thrown  down  against  the 
epidiorites  on  tbe  west  side  of  the  stmm. 

A  fm  tlu  r  illustration  of  tbe  uneven  and  cleft  surface  on  which 
the  Old  Red  conglomerates  of  this  district  were  deposited  may 
be  r)l)served  on  the  shore,  about  a  mile  and  three-quarters  to  the 
south-west  ot  Kihnelfort  close  to  tlie  old  Fort,  ana  a  little  west 
of  a  pornhyrite  sill  there  exposed.  The  schists  are  here  traversed 
along  tneir  planes  of  schistosity  by  a  series  of  cracks  now  filled 
with  a  brecciated  conglomerate  similar  to  that  which  occurs  on 
the  bill  side  to  tbe  north  of  Loch  Loseain  fieg  above  mentioned. 
Although  the  overlying  conglomerate  has  disappeared  there  can 
'  hardly  he  any  dovdjt  that  these  veins  of  its  material  belong  to  it, 
and  represent  the  local  base  of  the  Old  Red  Sandstone,  of  which 
so  large  a  part  has  been  removed  hrom  this  area  by  denudation. 


Digitized  by  Google 


OLD  BSD  aAXDStOHOL 


99 


North  of  Loch  Tralaig,  about  three  miles  north  of  Kilmelfort,  0|>an  and 
aud  to  the  east  and  west  of  Innie  farm-house,  thin  beds  of  con- 
glomerate  appear  from  under  the  andesite.    Agaiin,  to  the  north-  (Mr,  It.  G. 
west  of  Comelome,  beds  of  coimlomerate  form  the  floor  on  which  Symea.) 
the  andesites  rest,  while  east  of  Tralaig,  and  north-east  from  the 
£eurm-hoi]fie  of  JDmimnashallag  some  red  and  pirple  shalee 
intorvene  between  the  lavas  and  the  epidioritcs.    Thc^^e  are  the 
only  exposures  of  the  sedimentary  represcn  la  lives  of  the  Lower 
Old  Ued  Sand  stone  to  ])e  met  with  in  that  part  of  the  district 
for  a  distance  ot  six  miles  from  east  to  west,    in  the  Pass  of 
Melfbrt,  at  the  sharp  angle  in  the  road,  some  red,  horizontally- 
stratified  deposits,  with  black  layers,  about  four  ieet  thick,  may 
possibly  till  an  enormous  sand-crack.   Mr.  Tball  found  them,  on 
examination  of  specimens,  to  be  composed  of  disintegrated  andesiio. 

To  the  north  of  Lodi  Avieh,  seven  miles  east  of  Kihnelfort, 
and  west  of  Drissaiir,  tlie  conLrlonierate  dips  to  the  east,  under- 
neath the  lavas,  and  attains  some  thirknoss.  It  here  ditiers  from 
tlio  conglomeratos  previously  euiuiieratetl  inasmuch  as  its  chief 
constituents  are  fragments  of  andesite  and  epidiorite.  The 
sur£Eice  of  the  blocks  in  this  mass  has  been  well  polished  by  ice, 
the  direction  of  striation  being  east  and  west  This  outcrop  of 
fragmentary  material  may  belong  to  a  somewhat  later  part  of 
the  series  than  those  conglomerates  whieh  have  derived  their 
constituents  entirely  from  the  schist-platform  below:  at  least, 
it  was  not  deposited  until  the  eruption  of  the  andesites  had 
bcgim,  whereas  in  the  other  examples  referred  to,  no  fragments 
of  these  lavas  have  been  as  yet  detected. 

A  large  part  of  the  southern  outcrop  of  the  andesitic  lavas  of 
the  Lome  region  has  been  mapped  during  the  past  year.  The 
martriT^  t"is  volcanic  area  presents  an  irrc^dar  east  and  west 
line  of  esearpments  risinL'  al»<)vo  Uilus-slopes.  Tlie  only  gap  or 
road  throuL^li  this  area  in  a  north  and  soutli  direction  is  that  of 
the  pass  of  Melfort,  formed  by  the  River  Oude,  wluch  has  cut  its 
way  through  the  thick  mass  of  lavas.  At  the  southern  limit  of 
the  andesites  exposed  in  the  road  in  the  Pass  of  Melfort,  dose  to 
the  avenue  gate  to  Melfort  House,  the  volcanic  sheets  are  seen  to 
rest  upon  phyllites  and  epidiorites,  with  no  intervening  layer  of 
sedimentary  deposits.  No  outliers  of  the  andesites  have  been 
noted  to  the  south  of  Kilmelfort,  or  beyond  the  southern  edge  of 
the  voleanic  area. 

When  the  mappmg  of  the  andesilc-tlows  was  in  progress  in 
the  neighbourhooa  of  Loch  Tralaig,  it  was  difficult  to  decide 
whether  a  larse  east  and  west  fault  runs  along  the  southern 
shore  of  the  la&e,  throwing  down  the  volcanic  rocks  on  the  south 
ag&inst  phvllites  and  epidiorites  on  the  north,  or  whether  denu- 
dation had  removed  all  the  lavas  on  the  west  side  of  the  loch,  so 
as  to  expose  the  schists,  miart/ile.s,  epidiorites,  and  intnisivo 
dykes.  The  section  of  the  lavas  to  be  seen  soutli  from  the  lake 
shows  them  to  be  almost  horizontal  No  trace  could  be  found 
here  of  tufl^  like  those  north  and  south  of  Loch  Ktive,  nor  are 
there  any  acid  lavas  such  as  have  been  found  near  Tajniuilt  and 
Airds  Bay,  in  the  north-east  portion  of  the  Oban  district 
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OWn  and  Tho  ^.fn^itost  thi<  kno^s  of  tho  entire  series  of  andesitv' 1-ivn- 
hi'irict?'^  sliccts  iMil  ween  Tiiiluiij;  ;incl  Kihtitilfort  is  |x)ssihly  not  tikuc  ih.ni 
(Mr.  K.  G«     ^^^^  ^^^^^  '^^^  l)t-"t!n  ascertiiiue<l  ihid  the  greiilest  tlevclop- 

SymflB.)  mcnt  of  these  lavas  occurs  hctwcon  Lochs  Etivc  and  Greran,  and 
i>liat  the  thickness  of  the  sheets  ^dually  lessens  towards  the 
.•,()ut]i.  Ahoiit  half  a  mile  Bouth  <';ist  of  the  shepherd's  house  of 
Maolachy»  four  miles  east  of  Kilmelfort,  an  irre^ilar  mass  of 
intrusive  arid  igneous  rook  in  all  proKihility  holon<xs  to  a  neek 
or  V()l('ani(;  vent.  It  is  elongated  in  an  east  and  west  direction, 
and  is  alx>iit  a  quarter  of  a  mile  long  and  al)ont  half  as  broad. 
Mr.  Peach,  who  twice  visited  the  ground,  htis  iurnished  the 
following  notes  on  the  field  zelalions  of  this  mass: — " It  consists 
of  an  acid  i^eous  rock,  prohahly  a  very  acid  andesite,  or  perhaps 
a  rhyolitc,  m  which  eviaenco  of  flow  while  tho  rock  was  in  a 
very  viscid  state  is  everywhere  conspicuous,  the  whole  rock  being 
now  quite  platy  find  its  lavcrs  so  highlv  crumpled  as  to  simu- 
late a  puckered  srliist.  "fhe  planes  which  separate  these  plates 
conform  in  a  remarkable  manner  with  the  outward  edces  of  the 
mass,  and  arc  cither  more  or  less  vertical  or  dip  inwards  at  hiffh 
angles.  Often  near  the  edge  the  mass  includes  numerous  hlocKS 
of  the  surrounding  dark  slates  or  epidiorite  siUfl.  It  also  con- 
tains broken^off  portions  of  material  similar  to  itself,  which 
show  flow  -  structure  in  a  marked  degree.  So  numerous  are 
these  fragments  in  sotne  places  that  the  rock  looks  like  a 
brecciatc'il  (M)ngl{)nieiate  or  agglomerate.  The  nature  and  tho 
source  of  this  breccia  are  well  exhibited  in  the  stream  which 
skirts  its  north-western  limit,  where  its  contact  with  the 
sedimentary  rocks  is  best  exposed.  Here  the  line  of  contact 
with  the  dark  schists  and  limestones  can  be  followed  for  about 
200  yards.  The  rocks  are  much  shattered,  and  their  junction 
with  tho  igneous  mass  is  somewhat  irregular,  but  the  latter  rnek 
is  seen  fohaYe  flowed  upward,  conforming  to  tlie  nnovcn  surface, 
and  witrliing  up  innumerable  fnigments  of  the  black  slates  and 
linicstones,  as  well  as  bits  of  its  own  chilled  outer  layers,  and 
involving  them  in  the  still  flowing  viscovis  rock.  This  ism 
all  probability  a  neck  or  vent  which  may  have  supplied  the 
material  of  tho  more  acid  lavas  and  tuflfs  of  the  volcanic  plat* 
fonn  of  Lower  Old  Red  Sandstone  age  in  Lome." 

Ncjir  Loch  nan  Losg.ain  l^eg  several  other  ma^ssos  of  a  similar 
flow-breccia  are  to  l)e  seen.  So nu^  parts  of  these  contain  more 
broken  up  fragments  than  matrix.  But  that  they  are  truly  of 
eruptive  origin  can  be  shown  in  many  cases  where  they  act  as 
dykes  or  sills,  and  cut  both  the  rocks  of  sedimentary  origin  and 
the  epidiorite  sills.  They  are  in  turn  cut  by  the  tertior}'  basalt  - 
dykes.  They  are  all  proboibly  of  the  age  of  the  Lower  Old  Red 
Sandst<me,  and  belong  to  the  later  phase  of  \ndcanicity  in 
the  lustiiiy  of  the  lavas  t<\'  Lnnie.  Tliey  are  usually  associated 
with  '  porphyrile  "  ilykes,  and  may  he  regarded  as  not  improbably 
continuations  of  such  d^kes  as  have  continued  to  flow  after 
having  cooled  to  a  very  viscid  condition  and  partially  solidified. 
Flow-structure  is  also  exhibited  at  the  edge  of  some  of  the 
porphyrite  sills. 
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Ckranty  Wateifard. 

WhQe  the  revision  of  the  Silurian  areas  has  been  in  progress  Bunmahon 
it  has  occasionally  been  necessary  to  cany  the  investigation  into  ^''^-trict. 
the  surroundini,^  t  mcts  nf  other  rocks.  This  pniloiigation  lias  been  Kiiioi)^^ 
especially  iniju-rative  in  the  south  of  the  County  of  Waterford 
on  account  of  the  complexity  of  the  coast-seLtious  and  the 
accumulatiiig  evidence  that  much  oi  the  igneous  material  there 
developed,  though  enclosed  within  the  area  of  the  Silurian  rodcs, 
belongs  to  a  later  than  the  Silurian  period. 

Tlic  age  of  the  red  sandstone  ,i^its,  and  conglomerates,  exposed 
on  the  coast  at  Bunmahon,  has  long  Ixicn  in  dispute.  The  strong 
resemblance  of  thijse  strata  to  the  Old  Red  Sandstone  of  the 
neighbouring  Comerugli  region  induced  the  original  surveyors  to 
considei  Liium  of  corrcsuoiiding  age,  and  they  were  so  repre- 
sented upon  the  first  edition  of  the  one-inch  sheet  (No.  I <8), 
publishea  in  1857.  Their  apparent  interstratification  with  sup- 
posed volcanic  tu&  and  lavas  of  Silurian  ago,  subsequently  led 
to  thtj  abandonment  of  this  view,  and  to  the  relegation  of  these 
re<l  rocks  to  the  Lower  Silurian  group,  under  whieli  colour  they 
appear  on  the  edition  of  the  map  issued  in  ISiili,  which  has  not 
since  been  elianged.  A  more  recent  examination  of  the  district 
led  the  present  Directur-Cieneral  of  the  Survey  to  c^uosLit)n  the 
oorrectness  of  the  alteration  and  to  express  the  opinion  that  the 
original  view  would  not  improbably  prove  to  be  correct. 
Beueving  that  the  igneous  rocks  to  the  east  had  been  truly 
assigned  to  a  Lower  Silurian  date,  he  thought  it  probable  that  a 
second  set  of  igneous  rocks  existed  whieh  could  not  be  older  than 
the  Old  Red  Sandstone.*  Still  more  recently  Mr.  Cowper  Reed 
has  concurred  in  the  original  view.  He  mentions  the  super- 
position of  the  red  rocks  upon  denuded  igneous  masses  which 
were  supposed  by  the  autnors  of  the  revised  edition  of  the 
map  to  be  interbedded  and  contemporaneous.  He  bases  his 
opinion  as  to  the  age  and  position  of  the  conglomerates  upon 
their  relation  to  the  igneous  rocks,  conjointly  witli  tln  ir  having 
undergone  great  disturbance  and  dislocation  after  Old  Red  Sand- 
stone times.  As  tlif  basal  conglomerates  at  Ballydownnc  Ray — 
the  principal  place  in  \s  hich  the  red  rocLs  are  to  bo  seen — con- 
tain pebbles  of  igneous  material  identical  in  character  with  that 
whicn  forms  the  greater  part  of  the  perplexing  intrusion-breocta 
at  Bunmahon  Head,  it  is  not  ditheult  to  account  for  these 
difiSarences  of  opinion.  Accordingly  Mr.  Kilroe  has  devoted 
some  time  to  a  careful  examination  of  the  perplexing  evidence, 
and  he  has  supplied  some  notes  of  the  resiuts  which  he  has  so 
far  obtained. 

Occurring  in  Hve  small  isolated  tracts,  and  usually  showing 
high  dips  or  .set  on  end,  the  rod  rocks  seem  to  lie  in  deep 
synclinal  basins,  the  longer  axes  of  which  correspond  with  the 
trend  of  the  neighbouring  igneous  bands,  with  the  general 


*  Ancient  Volrttnoei  €f  BriUtrin^  vol.  i,  p.  251 
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Banroahon  direction  of  cleavage,  and  with  the  strike  of  the  hiiilily  inclined 
Sfa '^KUioe.)  Sandstone  near  Diingarvan.   Thouffhinuch  multod  the 

strata  prosont  a  clca^  succession  at  seyeraT  points  along  the 

coast. 

An  important  section  on  the  cliif  in  tlie  middle  of  Bally- 
dowano  &,y  shows  the  following  succession  in  ascending  order, 

vix. : — 

('*.)  l':(-al  flejvosit.  >p>t  ral  feet  thick,  consisting  wholly  of  igneous 
detritii  ^ictn  an*l  ^rvy  fulsites  ami  some  bu^ic  (.')  rocks  ;  pebbles  for  the 
m^ist  I  art  well-roimded.  The  beds  rent  at  about  8()-'  against  igneous  rocks 
finiilar  in  character  to  nn.st  nf  thf  pebble.",  and  weathering,  specially  near 
the  junction,  into  a  congloiueratc-like  mass,  so  that  the  line  of  demarcation 
between  the  two  rocks  n  not  distinctly^  traceable.  No  true  tuffs  or  other 
truly  volcanic  rocks  have  been  recognised  either  in  the  material  of  or  near 
the  basal  deposit, 

(6.)  Ued  argillaoeouti  grit,  with  massive  1>cd  of  grey  grit. 

(r.)  rotiv'loiiu  nite,  consisting  chiefly  of  white  quarts-pebblee  embedded  in 
a  red  sandy  matrix. 

On  the  shore  at  the  west  end  of  the  bay  the  adjoining  i^eous 
rocks  aro  to  be  seen  invading  green  grits  and  epidotic  and 

serpcntinous  fossil -bcarinj^  Silurian  limestone.  On  the  east  side 
of  the  bay  the  arj^illaccous  grit,  which  as  usual  passes  up  into 
ciuartz-nonglomoralo,  rests  directly  upm\  i^^noous  rock,  which,  at 
tliis  point,  also  pencti'atos  gi-eoii  caliareous  gi'it.  Tlie  boundary 
here  soems  to  he  a  thrust-plane,  and  though  the  hade  (;^S  ) 
corresponds  closely  with  the  dip  of  the  immediately  over-lying 
strata  (38Mo  45  ),  the  dislocation  may  have  cut  out  the  con- 
glomerate which  elsewhere  occurs  at  the  base  of  the  series,  and 
appears  at  the  other  side  of  the  same  synclinal  basin.  A  vcrtif-al 
fault,  almost  parallel  to  the  break  just  incntionfMl  ruts  out  the 
l)asai  deposit  at  one  p«»ijit..  l)ut  leaves  a  suuiU  tluckno.s.s  of  it 
reciting  a|^ainst  igneous  rocks,  where  it  is  seen  to  consist,  as  at 
other  pomts,  of  fairly  well-rounded  igneous  materials. 

Close  to  Bunmahon  Hcttd  the  r^  grits  are  &ulted  against 
green  felsitos,  and  piss  up  into  quartz-conglomerate.  At  the  ore- 
yard  and  site  of  engiuc-housc,  Knock mahon,(|iiartz-conglomerato 
overlies  red  grits,  which  commence  with  a  tine  breccia  of  igneous 
detritus,  resting  upon  and  a<r''dnst  i^'n  <  ii  fclsite,  which  in  tho 
iiiimediate  vicinity  penetrates  Silurian  fossil -bearing  calcareous 
grit. 

The  section  of  undoubted  Old  R«l  Sandstone,  near  Ballyyoyle 
Head,  presents  a  series  of  strata  closely  resembling  those  now 

deseribed.  Red  argillaceous  grit  is  there  seen  to  intervene 
hetwe»rn  (luartz-con'jlonierate  and  the  base  of  the  series;  while 
local  blocks  s<  atten'(l  on  the  lx3ach.  and  probably  detiu  bed  from 
the  bas  d  beds  at  ])r(  scnt  (concealed,  show  that  these  Ijeds  consist 
of  conglomerate  formed  of  igneous  materials  similar  to  those  at 
the  base  of  tho  Bunmahon  series.  This  fact  is  all  the  more  sig- 
nificant since  th(5  Old  Rod  Sandstone  floor  in  the  Ballyyoyle  coast 
scfttion  is  formed  of  dark-grey  and  black  slate,  penetrated  hy  a  few 
felsitc  dvkcs  The  Riinmahon  conglomerates  may  therefore^  with 
littig  hesitation,  be  regarded  as  belonguig  to  the  same  series  as  the 
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strata  near  Dungarvan,  which  aro  known  to  be  of  Upper  Old  Bunmahon 
Bed  Sandstone  age.   The  igneous  rocks  which  preoedea  the  red  /^^^^KiWi 
rocks  at  the  one  place  also  preceded  those  at  the  other ;  and  as  ^  ' 
these  igneous  rocks  have  invaded  Lower  Silnnan  strata,  while 

fra<}fmcnts  of  them  abound  in  the  ovcrlyinof  confylomcrates,  their 
intrusion  must  date  between  the  Lower  Silurian  and  Upper  Old 
Red  Sandstone  e[>ochs. 

But  not  only  do  the  red  hirata  uouuin  abundant  detritus  of 
eruptive  rocks,  they  have  themselves  been  invaded  by  some  of 
these  rocks.  At  the  southern  end  of  the  little  promontory  at 
Bunmahon  Head  they  are  penetrated  by  an  intrusion  which  is  • 
seen  to  cross  oblic^uely  some  twenty  ftct  of  ({unrtz-conglomerate 
and  red  grit,  witiiin  a  distance  of  al>out  100  yards.  Both  igneous 
and  sedimciilary  rocks  at  the  junction  are  crushed,  Imt  not  to 
such  an  extent  as  to  ol)litenite  the  evidence  of  intrusion.  The 
red  strata,  moreover,  near  the  junction  contain  injections  of  a 
green  igneous  rock  ;  and  the  adjoining  igneous  mass,  includes 
&agmeDts  which  resemble,  if  they  are  not,  those  of  red  gnrit 
Like  some  of  the  rocks  further  east,  to  which  reference  tias 
already  been  made,  this  mass  is  composed  of  green  felsites,  and 
perhaps  andesites,  in  rounded  lumps,  which  are  embedded  in 
and  cut  u])  hy.  a  more  basic  material.  The  rock  is  now  a 
coarse  aggregate,  which  might  readily  be  Uiken  for  a  volcanic 
agglomerate. 

A  close  resemblance  is  noticeable  between  this  basic  rock  at 
Bunmahon  Head  and  another  whi<;h  contains  numerous  quartz- 
pebbles  near  Mount-Kennedy,  eight  miles  to  the  north-west. 
This  highly  vesicular  rock  afforded  matirial  to  the  f)Id  lied 
strata  overlying  it.  Pebbles  of  similar  material  were  observed  in 
local  blocks  taken  from  the  base  of  the  Old  Red  Sandstone  at 
Baiiyvoyle  Bridge. 


CABBONIFEROUS. 

The  field-work  (^f  the  Sui  .  .  \-  nmon<^  Carboniferous  rocks 
(luring  tlie  past  year  has  lain  in  ihe  coal-tields  of  North  Staftord- 
bhiru  and  South  Wales.  In  eadi  of  these  regions  satisfectory 
progress  has  been  made  in  mapping  not  only  tho  coal-fields,  but 
also  the  sunoiinding  areas,  which,  though  largely  ( overed  by 
younger  formations,  must  be  surveyed  in  order  to  allow  of  the 
publication  of  the  various  ouc-incli  sheets  in  which  the  ooal* 
jb^ring  tracts  are  represented. 


North  Staffordshire 

The  revision  of  the  North  Staffordshire  coal-field  and  sur-  UuHhton 
rounding  country  has  been  continued  under  the  supervision  of  ^^^^^^'^^^^ 
l\R.  Fox  Stbangwavs  bv  Messrs.  Babrow,  Gihson,  Pocock,  ^j^iig^^y, 
and  Wedd.     Mr.  Fox  Stran'owavs  has  himself  been  mamly 
engaged  upon  the  Jurassic  tracts  that  lie  to  tl^e  east  of  the 
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Rnshton      Leicester  coal-field,  his  share  in  the  North  Stalfordshife  having 

f^E^Fox  mainly  that  of  taking  general  charge  of  the  mapping  by  his 

Btmngways.)  colleagues.  He  rejjorts  that  at  Ru slit  on  Spencer,  hve  miles  to 
the  nortli-west  of  Leek,  a  group  of  siindstoncs  and  shales  which 
is  [here  flf  v(  K^pod.  has  hooi\  considereii  to  represent  the  Permian 
rocks  of  that  disirici  *  Init  \\ml  the  strata  precisely  rascrnble  the 
sjindstone  and  shales  which  further  south  have  been  inappt-d  as 
part  of  the  Carboniferous  system,  lie  thinks  that  there  can  bo 
uttle  douht  that  they  lieloiig  to  the  '*Yoredale  series,"  on 
opinion  which  is  shared  hy  his  colleagues,  Mr.  Babbow  and 
♦        Mr.  Gibson. 

and'chelSfe*  l^'^^umiiig  woi  k  near  Leek  in  the  spring,  Mr.  Barhow  com- 
Coai-aeid.  pleted  tho  mapping  of  the  inher  of  Btmter  strata  through  which 
(Mr.  George  the  Ghumet  nows.  In  addition,  so  much  of  the  Garhoniferous 
shales  and  j^its  was  examined  as  sutficed  to  finisli  the  aiea 
allotted  to  him.  The  examination  of  the  Cheadle  coal-field  was 
then  commenced,  and  the  same  plan  was  followed  as  in  the 
previous  season.  The  grit-bands  inmu-diately  below  the  Coal- 
nieasures  were  first  traced,  as  it  luus  been  found  that  they 
indicate  clearly  the  presence  and  direction  of  faults,  which  are  so 
much  more  oifBcult  to  trace  in  the  softer  coal-hearing  strata. 
Starting  firom  this  basal  group,  the  examination  of  the  overlying 
groups  was  proceeded  with,  and  a  higher  and  inner  zone  was 
completed,  including  tho  Woodliead  coal.  Tho  tracing  of  tho 
coal-scams  above  this  horizon  has  proved  dirticult  and  tedious 
owini,'  to  the  soft  nature  of  the  strata,  and  the  almost  featureless 
character  of  the  country.  Indeed  some  portions  of  the  work 
could  not  be  done  without  tho  assistance  of  mining  information 
as  to  the  ascertained  structure  of  the  ground,  and  this  informa- 
tion has  11  willingly  afforded  by  uiose  connected  with  the 
collieries.  The  ba.se-line  of  the  Bunter  formation  which  forms 
the  soutlu  rn  limit  of  the  visible  coal-field  has  also  hc>en  traced, 
and  only  a  few  pitches  of  obscure  ground  now  remain  to  complete 
the  siu'vey  of  this  area. 

B(»ginning  with  the  oldest  or  Carl)uniferous  series  of  strata, 
Mr  Barrow  re[)orts  that  thc^e  fall  naturally  into  fivogroups, 
which  have  probably  only  a  comparatively  local  value.  They  are 
as  follows  in  descending  order : — 

1.  The  White- weathering  group  with  uumerous  coal  semns.  Thicknesti. 
1,200  feet 

2.  The  W(XKlhea4i  coal  with  accompanying  dark  shales  and  the  Kiiigsley 
aancbtone  below.  Thickness,  230  feet 

3.  The  Dark  Shale  and  Gannister  groap.  Thickness,  300  feet. 

4.  Tlie  first  and  third  (Irits  with  the  intervening  dark  Ahales ;  thickness. 
900  feet  (Millstone  grit  in  part). 

5.  Dark  shales  with  marls  and  thin  sandstcmes,  the  latter  passing  to 
cnarHo  ^rits  in  a  Honth  •>;<>iterly  direction;  thickne»B  not  yet  knowD. 

.  ...  Yoredale  beds  on  the  umi»s.) 


*  See  Ureea,  "  Uuolcgy  of  {Stockport,"  J(<r»^  Oeoi,  8urwy,  1866^  p.  36. 
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'  1.  fhe  Whiie-fMoUuriTig  OTvm>,^AB  no  complete  aooount  of  Leek  Districfc 
this  group  has- yet  been  publiahea,  the  following  section  of  this 
part  of  the  Coal-measures  in  descending  order  may  be  giyen  [i^.  tTeo^ 
here : —  Bamw.) 


Ft 

In. 

6 

6 

0 

Getley  Coal  

-      -  S 

0 

Measures  

20 

0 

2 

6 

61 

0 

3 

9 

60 

0 

0 

35 

0 

4 

0 

0 

Coal  

1 

6 

Mea--nre^                 -       -       -  - 

80 

0 

6 

0 

-  190 

0 

3 

9 

0 

FoxfieldCoal  

i 

6 

64 

0 

Coal  

1 

5 

Measii^es  

-  130 

0 

Cobble  Coal  

1 

3 

0 

Coal  

1 

1 

95 

0 

Rider  Coal  

1 

6 

Measures  to  Woodbead  Coal  - 

.  125 

0 

Thouu'h  numerous  seams  of  coal  occur  in  this  group,  thu  Yard 
and  the  Diihorne  are  tlie  only  thick  seams  of  good  quality.  Of 
the  thinner  seams  the  Halt-yard  and  the  Gobble  are  always  of 
iairlv  good  quality,  while  the  others  either  vary  locally  or  are 
persistently  of  a  poor  character.  The  stnit.-x  of  this  group  are 
characterised  in  the  fieldbytheirwliito  weathering,  their  principal 
constituent  being  a  pale  nuirly  sliale  or  clay.  When  under 
pressure  this  is  a  fairly  luird  rock,  but  when  once  wetted  it 
'rapidly  swells  up  and  lends  to  elose  up  the  workings,  thus  atlding 
sreatly  to  the  cost  of  winning  the  coal.  All  coals  above  the 
Dilhome  su^r  more  or  less  from  this  disadTantage. 

Fresh  or  brackish-water  huneUibranchs  occur  in  thin  grey 
bands  throughout  the  group,  while  fish-remains,  Svirorbis  and 
Oa/rlMm  ui,  are  locally  abundant.  The  strata^  as  a  nmole,  may  be 
claimed  as  osscntialfv  of  frcsh-watcr  orii:nn. 

2.  The  W(Mfi/ht'(/(l  Cnal  a  rid  KhiifsUy  Rock  or  Sandstone. — 
While  the  dark  shales  associated  with  the  Woodluiiul  Coal  resemble 
the  beds  of  the  uppermost  group  in  tlie  fresh-water  nature  of  their 
organic  remains,  they  difter  irom  them  greatly  in  lithological 
character.  In  place'  of  being  soft,  these  shales  are  distinctly 
hard.  In  particular,  the  black  shale  immediately  above  the  coal 
has  a  massive  a.s|)cet  when  seen  in  stream-s('<  tittns.  nnd  forms  an 
excellent  rool  to  the  workings.   As  the  iioor  is  also  a  hard  rock. 
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LeekDtotriet  this  coal  can  be  worked  cheaply,  and  it  is  consequently  the  only 
un«l  riira.no  seara  at  present  worked  to  any  extent  in  the  ChWlle  coal-fiela 
!\ir  About  oii^ht  feet  Inflow  the  coal  comes  another  black  shale  some 

Barrow.)  thirty  teot  think,  which  ro«ts  on  the  Kmcfsley  rock,  an  alterna- 
tion of  thin  bimdsioiies  and  laminated  hard  sandy  shales.  This 
rock  forms  on  the  suriuce  of  the  ground  an  excellent  topo- 
^aphical  feature,  recognisable  at  a  considerable  distance.  Aa 
It  paflsesinto  the  dark  shales  of  the  third  ^roup  below,  its  Umits 
can  hardly  be  precisely  fixed.  But  its  distmctive  characters  aro 
of  great  local  valn(\  for,  as  it  can  l>c  easily  reco^iised,  it  has 
p      supplied  the  key  to  the  geoloj^cal  structure  of  the  district. 

3.  Thr  Bhick-shale  and  (rdn  nister  Group  is  characterised  by 
its  L,n<'at  amount  of  black  .shale  which  conUiin.s  an  esRentially 
marine  launa,  uiid  thus  differs  from  the  higher  shales,  wliicn 
otherwise  closely  resemblo  it  With  the  shales  of  this  third 
group  are  associated  numerous  thin  coal-seams.  Of  these  all  but 
one  are  either  not  persistent,  or  become  so  thin  as  to  have  often 
escaped  notice.  One,  however,  which  is  very  persistent,  is  known 
as  tne  (Vahtrco  or  Stinkincf  (pyritons)  ComI  It  invariably  pos- 
sesses a  hard  shale  roof  containing  abundant  Gon  htf  Ites  and 
other  marine  fossils.  There  is  reason  to  believe  this  coal,  with 
its  shale  roof,  to  be  continuous  into  Lancashire,  and  to  regard 
this  portion  of  the  Coal-measures  as  the  equivalent  of  the 
Gannister  series  of  the  country  to  the  north.  This  view  is 
strengthened  l)y  the  iact  that  the  .sandstones  of  this  zone  often 
have  a  gannister-like  aspect .  Indeed  the  sandy  beds  1  jelow  the 
Crabtree  Coal  often  j^ass  into  a  high-class  pmnistor,  which  is  now 
heino-  worked  in  two  places.  At  the  base  of  this  group  lies  the 
well-known  Froghall  Ironstone,  wliiili  has  been  extensively 
worked  in  the  Consall,  Froghall,  and  ipstones  district  Detailea 
examination  shows  this  seam  to  have  been  lenticular  in  form ; 
practically  the  whole  of  iIkj  lenticle  has  been  worked  out  A 
feature  worth  noting  in  it  is  the  &ct  that  near  Ipstmies  lentides 
of  coal  occur  in  its  upper  part.  The  same  phenomenon  luis  been 
noted  in  conuectiou  with  two  ferruginous  bauds  in  the  horizon 
below. 

4.  MilUUme  Grit  (in  }>art), — This  group  consists  of  the  Firet 
and  Third  Grits,  with  the  mass  of  dark  shale  between.  In  the 
area  about  Froghall  and  Ipstones  these  bands  show  much  the 
»ime  character  and  thickness  as  about  Leek;  the  grits  are 

probably  slightly  thinner,  but  the  difference  is  not  great.  The 
shales  hot  ween  the  grits  are  int crest ino;',  as  they  contain  two 
hard  sluiU'-ltands  closely  rescinhHnu:  the  shale  above  the  Crabtree 
Coal.  The  first  lies  about  half  way  between  the  two  grits,  and  Ls 
underlain  by  a  mixture  of  coal  and  ironstone,  the  exact 
thickness  of  which  has  not  been  ascertained.  The  second  shale- 
band  lies  about  10  feet  above  the  Third  Grit,  and  is  underlain 
by  the  welUknown  Koaches  Coal,  which  appears  to  extend  like 
the  Crahtrc(^  s(*ani  over  n  very  large  area.  T'^nlike  the  latter 
seam,  however,  it  lliickens  and  tliins  locally,  and  in  some  plac^ 
beccmies  little  more  than  a  smut.  To  the  west  of  Ipstones  this 
Roaches  Coal  is  2  feet  10  niches  thick,  and  of  fairly  good  (quality. 
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A  lovel  which  was  driven  into  it  to  dram  the  water  uiay  be  at  Leek  District 
least  300  years  old   At  the  time  when  this  level  was  made  its  and  chea<Ue 
construction  must  have  been  a  feat  of  eni^ineering.  The  fact  that  J^oAr© 
mining  operations  lon^  ago   attained   a  h%h  standard  ofBaiiow.) 
excellence  in  this  part  of  Stati'orclshiro  h  Korno  out  by  the 
discovery  of  ext*'nsive  w(irkin!*'s  ni  the  FiMLjhall  iroiistono  in 
thi]  coiii*se  of  the  more  ivceiil  milling  operations.    All  record  of 
these  workings  is  lost,  yet  it  is  clear  that   at  least  several 
thousand  tons  of  ironstone  must  have  been  extracted  from 
them.   As  the  coal  above  the  Third  Grit  is  traced  southward 
an  association  of  iiittTlaminated  coal  and  ironstone  is  met  with, 
similar  to  that  in  the  two  instances  just  mentioned.     It  is 
remarkable  that  the  same  somewhat  exceptional  conditions 
should  have  been  rej)eated  three  tiincs  in  the  same  area  on 
ditieront  horizons.    Such  an  association  of  coal  and  ironstone 
has   not  been  met   with  on  these  horizons  in  any  other 
part  of  the  regioa 

On  the  west  side  of  the  Cheadle  coal -Held  a  very  different 
development  of  these  strata  is  met  with.  Starting  from  the 
cross-roads  south  of  Wetley  and  proceeding  towards  Dilhomo, 
we  find  that  the  tirst  grit  thins  away  A\  ith  great  rapidU  v  nnd 
indeed  is  no  longer  recognise  hie.  The  third  liecomes  much 
thinner,  though  still  suthriently  coarse  to  be  <listinguishable 
from  an  ordinary  Coal-measure  sandstone.  It  this  rate  of 
thinning  were  continued,  in  a  short  distance  there  would  be 
little  or  no  grit  left.  The  vc  r  of  Bunter  sandstone  which 
comes  on  further  south  makes  it  impossible  to  say  whether  or 
not  such  a  diminution  tjikes  place. 

5.  The  Zone  belmr  the  Third  Grit. — A  small  ]>ftrtion  of  the 
rocks  below  the  Third  Grit  has  been  mappeil  on  both  the 
east  and  west  sides  of  the  Clicadle  coal-field.  To  the  wist, 
across  the  Ghiumet  Valley,  where  the  grits  above  are  still  thick, 
we  find  below  the  Third  Grit,  first  a  mass  of  dark  shales 
associated  with  bands  of  marl  and  tliln  sandstonCL  Below  these 
lie  a  number  of  comparatively  thin  bands  of  coar?;c  grit.  As 
this  area  is  much  faulted,  these  grits  gave  considcralde  trouble  in 
the  mapping,  for  they  seemed  to  be  parts  of  the  Third  Hrit 
repeiitea  l)y  faulting.  Fortunately  the  thickest  of  them  lias 
been  sunk  through  and  found  to  be  only  30  feet  thick,  so  that  it 
could  not  be  thatl>ed.  The  detailed  survey  of  the  area  has  proved 
these  grits  to  occiipy  the  horizons  of  the  thin  liard  sandstones 
(crowstones)  of  the  Leek  and  Endon  distri(it,  and  it  is  now  seen 
that  the  grc^^t  mass  of  shale  and  sandstone  of  that  district  is 
a  somewhat  1o<  a1  I'li'-nomenon.  for  to  the  south-east  these  rocks 
revert  to  their  mon  normal  condition  of  coarse  grits.  Uu  the 
east  side  of  the  Choiidle  coal-field,  however,  where  the  grits  are 
thinning  away,  no  such  coarse  rocks  occur  in  this  lower  zone. 
Though  hardly  so  fine  as  the  typical  "  crowstones  "  the  sandy 
rocks  are  stOl  fine  in  grain. 

The  progress  of  Mr.  B&rbow's  field-work  has  once  more 
imprc.s.sed  upon  him  the  great  vertical  range  of  individual 
fos£>ik  iutho  Oarbouiierous  system,  and  he  contrasts  the  Goniatites 
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of  (hat  system  with  tho  A  nvmoniiea  of  the  Yorkshire  Liia&  If 

the  rate  of  bioloi^ieal  variation  remained  fairly  uniform  wc 
must  su})|)oso  that  the  Carboniferous  strata  were  laid  down  with 
cumnarativo  rapidity.  In  tho  case  of  the  cfrits  and  shales  this 
acceleration  of  sedunenUition  may  not  present  any  serious 
difficulty,  but  it  is  not  bo  citedible  in  the  case  of  the  ^eat 
of  Carboniferous  Limestona 
North  ^'^^^  continued  prosecution  of  tho  resurvey  of  the  Pottery 

StaiFordshire  coal-tield  has  been  carried  on  by  Mr.  Gibson,  partly  with  the 
Coftl-fieUL     assistance  of  Mr.  Wedd,  while  the  surrounding  Triassie  areas 
Jjjjl^j       have  been  mapped  by  Messks.  IN  )C(  )CK  and  Wedd.   The  following 
narrativt;  of  the  work  has  been  drawn  up  by  Mil.  GlHSox  : — 

Among  the  Carboniierouii  rooks,  several  observatioiis  of 
scientific  interest  and  commercial  value  have  been  made.  At 
Weston  Sprink,  on  a  horizon  between  the  Moss  and  Yard 
Goal»  some  purple  shales,  marls,  and  thin  limestones  are  exposed 
in  a  marl  pit.  The  shales  li!iv(^  been  traced  some  distance 
northward  and  found  to  be  overlain  ))y  a  red  sandstone  similar 
in  appearance  and  texture  to  the  Keefe  sandstone  at  the  top  of 
the  Coal-measures.  Mil.  John  Ward,  of  Longton,  has  obtamed 
an  interestmg  set  of  marine  forms  from  this  place.  The  fossils 
include  Avieulopeeten  jxtj>^mcetw,  J)iscina  nitida,  LvngtUa 
mytilo'xhs,  PUwroiuintiliLs  sp.,  also  a  mytiliform  shell  and 
a  «naU  estheroid  shell  The  occurrence  of  AviaulopefAen 
papyi\iceu9t  etc.,  high  up  in  the  Coal-measuzes  is  new  to 
science. 

Mention  wjis  made  in  the  last  Sf  mmftr>/  vf  rroi/reMS  (p.  127), 
of  the  discovery  by  Mr.  GuisoN  of  an  ironstone  in  Fenton  Park 
marl  pit,  of  which  Dr.  Pollard  made  an  analysis  from  a 
carefully  selected  set  of  examples.  A  similar  ore  was  found 
during  the  past  year  underlying  the  Chalky  Mine  Ironstone  At 
the  Clanway  Colliery,  Tunstall. 

By  the  courtesy  of  Mr.  W.  V>.  ('live,  an  analysis  of  this  ore  by 
Mr.  VV.  Jack.son,  A.li.C.S.,  is  here  given : — 

Fvi  rolls  oxiilr      -      38*88  per  cent  =  30"24  per  cent.  iron. 
Manganoua  oxide  -       OW      „      =  0  (59      ,»  manganese. 

Lime   ;      -  - 

Magnesia     -      -  3"34 

Alumina      -      -  790 

Silica   -      -      -  1210 

Phosphoric  acid   -  0'r>3 

Carbon  diox'ulo     -  27'r>2 

Water  (lost  at  100  )  0'85 

Combined  water  -  8*78 


100-88 

Od  calcined  fttone  41*33  per  cent  iron. 


The  ore  lies  directly  under  and  contiguous  to  the  Chalky 
Ironstoni;  hands.  This  ]K)sition  makes  it  a  valuable  ore,  since 
althouj^li  of  comf^imtively  low  grade,  it  (.an  he  got  with  the 
vahiahlc  ('luilkv  Irnnstoiio  at  little  extra  cost.  It  is  hoped, 
therefore,  that  the  ore  will  ultiuialely  bo  U84k1  iu  the  local  blast* 
furnaces. 
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Tn  the  difficult  region  of  and  Andley,  Mr.  Wei>t>  has  North 

found  that  tho  lowest  productive  i  'oa I- measures  are  brouj'ht  to  Staffonlahire 
or  near  the  sar&oe  in  a^idines  which  trend  in  a  north-north-      c  a 
east  dhection.  from  Woodlane  on  the  south  to  Harecastle  on  tho  w«dd.) 

north.  TheiTen  Feet  Rock,  a  thick  sandstoio  uhovc  the  Ten 
Feet  Coal,  Jind  sometimes  in  conjunction  with  the  "  rock  "  asso- 
ciated will  I  tho  Seven  Foot  Banbnr\'  Coal,  plays  a  large  part  in 
tho  formatiou  of  the  auliclinal  ridufcs.  As  tne  liighty-inclined 
seams  are  traced  on  the  western  limb  of  the  anticline  they  are 
found  at  a  comparatively  shallow  depth  to  bend  sharply  upward, 
and  to  assume  an  almost  horizontal  position  up  to  a  large  &ult, 
which  can  be  folio wo<l  froin  Madeley  Manor  to  Andloy  Station, 
and  has  been  variously  estimated  to  have  a  do>vnthrDw  of  more 
than  300  yards  to  the  west.  On  the  downthrow  side  of  this 
dislocation  the  strata  are  gently  inclined  to  the  west.  This 
inclination  has  l)eeii  j)rovfHl  ny  minini^  <)|K'rations  to  liold  for  the 
lower  coals,  and  can  also  bo  seen  at  the  surfaite  in  the  up|X)r 
measures. 

West  of  Leyoett  and  Audley  Station  the  Etruria  marls 
and  Kewcastle-mider-Lyme  series,  as  described  in  last  SumTnary 
€f  Progress,  dip  to  the  west  at  a  gentle  angle.  The  field- 
work  duringr  the  past  year  thus  mnVrles  us  to  define  more 
clearly  tho  area  occu^iiod  by  Upper  Coal  measures  to  the  west  of 
the  Staffordshin^  aiiticlino.  'I'he  area  exiHJsed  mav  bo  taken  at 
two  s(£uare  niilos  Cnder  this  tract  the  Basscy  Miiio  Ironstone 
lies  at  a  depth  of  1,000 — 1,300  feet 

A  band  of  limestone  containing  Entomnstmca  has  been  found 
in  the  Keele  series  at  M oddershaD.  This  band  most  likely  lies 
at  a  higher  horizon  than  those  described  in  the  Summary  for 
1808.  A  croaTTt  wloif  limestone  has  also  been  fonnd  in  the 
Keo]<^  sorioR  in  tlic  Keelc  Park  railway  onttiiitr.  '51  1  t'<  et  above  a 
dark  limestone  containing  Entomostraean  renjain.s ;  obscuto  forms 
of  plants  have  also  been  foimd  in  the  same  cutting.  During  tho 
l>ro^pfess  of  some  excavations  in  Keele  Park,  a  coal  one  foot 
six  mches  thick  was  found  in  the  red  series.  Some  good,  but 
unnamed,  sjxjcimens  of  plants  from  the  Koole  Sandstone  of 
llartsbill,  from  tho  collrctinn  of  the  late  Dh.  G.vuner,  are  preserved 
in  the  Museiini  ot  Stoko-upon-Trent.  These,  at  Mr.  Girson's 
request,  hiwc  buen  examined  by  Mr.  Ktdstok,  F.K.S.E.,  who  has 
kindly  furnished  the  following  list  of  them  : — 

HigiUnria  temllata,  Brongn,  decorticated  and  abowing  fructification 

zone. 

Caiamitet  undul^itn,  Stemh,  Ac. 

,j       Srhii  fu  i\  Star. 
„      Cwiu,  BronKn.l 
„      Suekoufiij  Brongn. 

These  additional  lae^s  tend  to  show  thnt  the  Keele  Sandstone 
series,  as  already  suggested,  is  intiniaiely  eunnected  with  tho 
Goal-measure& 

A  Uiin  band  of  grey  limestone  with  Entomostraca  has  also 
been  found  near  the  base  of  the  Etruria  marls  in  the  Grai:^ 
Mad  Pit  Elsfven  distinct  bands  containing  Mniomotimect  are 
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Nortli  now  proved  to  exist  in  the  •Upper  Coal-measuros  of  N'onh 
SiKw Staffordshire  Thoy  are  distributed  as  follows  thn^ugh  the 
(Mr.  W.  *     several  sub-divisions  of  that  assemblage  of  strata: — 

UibMD.)  Kjikle  Seriks  :~Foui  bands  at  ditll  reiit  horizons  :—C*ar^^M», 

Spirorbu, 

Nkwc.vstf.k  t'NT>r;K  Lymk  Skhiks  :    Two  hnn(h  near  the  base  : — 
Cari^aiiKi,  .S/«rcr/'*«,  Anthmcomya  caici/cm  *   Fish- remains. 

Etruria  Mart.  Series  : — Two  bands  near  tiie  siuninit  and  base 
S/nroi'hi\  Ca  rfxtii  in. 

Black  Band  Skkikh  :— Three  l>and8  near  the  baao,  and  thin  banda 
of  black  shale  with  JBntomogtraca  at  several  horizons 
Carhonia,    SpirorbUf  AiUkraeom^  PkUliptit  Carbomooia 
Vmi,i.*  Fish-remains. 

Whilo  examinini^  the  cores  from  the  Iwre-hole  at  Tlniri^arton, 
near  Nottinnliiim,  Mr.  Gijisox  has  made  an  important  ol>ser\'a- 
tioii.  He  has  found  that  the  marls  with  PrixLucins  Jinrridih-i 
rest  on  some  red  sandstones,  identical  in  litholoj^ical  character 
with  the  Keele  Sandstone.  The  base  of  the  Penman  marls  is  a 
breccia,  suggestive  of  a  break  between  the  Zechstein  and  Bed 
Sandstone  and  Marls.  Plant-remains  are  common  at  one 
horizon  among  the  red  sandstone  and  marls  in  the  bore,  and 
some  of  thorn  have  been  sent  to  IMr.  Kidston  for  identification. 
The  red  sandstones  have  a  dark  cal cartons  sliale  with  Ento- 
modraca  at  their  base,  and  are  underlain  by  grey  mciisures 
resembling  the  sandstones  and  shales  of  the  Kowcastle-under- 
Lyme  Senes.  This  is  confirmed  by  the  occurrence  below  these 
groy  measures  nf  mottled  rod  mans,  containing  tWn  bands  of 
coarse  ^recn  grits  like  those  so  character istic  of  the  Etruria  Marl 
Scries  m  North  Statibrdshiro.  These  red  marls  at  Thurgarton 
pass  down  into  grey  mea.surcs  containing  Coal-seams.  Tho 
recognition  tln  rofore  of  the  divisions  into  which  the  Upper  Coal* 
measures  of  North  Statt'ordshire  wm  be  divided  1ms  thus  great 
economical  importance,  as  it  enables  us  to  detect  the  coal*beftring 
strata,  and  to  fix  their  stratigrapliical  position  under  the 
Permian  and  younger  formations  of  the  centre  of  England. 


CheBhire. 

Maoclestield  In  order  to  coniplt-ic  the  one-inch  map  which  contain^s  the 
Disti^  (Mr.  northern  pirt  of  tho  North  Stattbrdshhe  Coai-lield  (No.  110) 
it  has  been  necessary  to  revise  the  ^ound  that  stretches  north- 
ward into  Ch^hira  Accordingly  Mr.  Pooock  was  stationed  at 
Macclesfield  with  instructions  to  revise  the  Carboniferous  tract  to 
the  east  of  that  town.  The  district,  which  during  the  past  year 
has  been  cxamintHl  by  him,  lies  between  Macclesfiekt  and  the 
arti(;linal  faidt  dest  ribcd  by  the  late  Pkof.  Green  as  running  in 
a  north  and  south  direction,  four  miles  further  east. 

The  general  structure  of  the  ground  has  been  well  described 
by  Prof.  Hull  and  Prof.  Green  in  their  Memoir  "On  the 
(^logy  of  Stockport,  Macclesfield,  Congleton,  and  Leek,"  but 


*  Dr.  Whmltoii  HixuL  Quart,  Joum,  Oeok  JSoc,  voL  Iv.  <1860X  p.  967. 
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Mme  mooificatMiDfi  of  detail  haye  been  found  neoesscuy,  in  order  MiMciesGe  r. 
to  bring  the  mapping  into  hiirmony  with  the  reyised  ground  ijistrict.  (M 
further  south.    Tlie  outHer  of  the  tit'th  Grit,  represented  on  the 

published  map  tn  tlic  north-west  of  Forest  CliajH'l,  and  the  band 
of  the  same  rock  between  Walkur  Ham  and  Vn\)  Close,  Farm 
proved,  after  carefid  examination,  to  form  really  one  couiinuoiis 
outcrop  with  the  Yoredale  lirit  immediately  to  the  east.  This 
outcrop  is  repeated  by  a  set  of  cross  faults,  one  with  a  northerly 
trend,  and  the  other  pointing  a  little  north  of  east.  Half  a  mile 
weet  of  Forest  Chapel  the  strata  arch  over  to  the  west,  and  the 
same  grit  appears  with  a  westerly  dip,  succeeded  by  another, 
which  crops  out  on  the  edi^c  of  Langlev  reservoir.  The  Litter 
band  is  referred  t'>  ]u  {ha  Memoir  as  tlie  Voivdale  (irit,  but  is 
not  shown  on  the  put»lished  uutp.  A  mile  t'luLher  west,  the 
escarpment  of  Tugg's  Nose,  which  rises  abruptly  550  feet  abovo 
the  yalley,  clearly  represents  three  grits,  and  not  merely  the 
third  and  fourth,  as  shown  on  the  map.  The  succession  l^etween 
this  place  and  Forest  Chapel,  as  well  as  on  the  west  side,  is  com- 
phcated  by  faults.  The  belts  of  shale  separating  the  diHerent 
members  of  the  grit  scries  appear  to  be  fanlt<  d  out  on  the  high 
puuiid  eiist  of  Alaeclustield,  though  they  can  be  secu  in  the  doop 
rook-seetious  to  the  north. 


Sonfh  Wales. 


During  the  past  year  the  field-work  in  South  Wales  has  lain  S,  Walaa* 
chiefly  in  the  rctpon  between  Swansea  and  the  noithern  edge  of  ^^j^. 
the  eoal  Held  (^Sheets  280  and  247),  but  has  iiu  ludod  also  the 
eastern  part  of  the  Gowor  |>euinsula,  and  a  small  tract  uwir 
liridgenu  (^Sheet  202).  Alii.  Tiddemax,  having  completed  the 
area  assi^ed  to  him  at  Bridgend,  commenced  the  examination 
of  the  Lunestone  and  Coal-measures  of  Gower.  Ms.  Strahak 
surveyed  the  ground  east  of  the  Tawe  from  Swansea  to  Ystalyfera, 
and  part  of  Uie  north  crop,  while  Mr.  Cantuill  carried  on  the 
examination  of  the  north  crop,  and  of  the  Millstone  Grit  and 
Limestone  beyond  it.  Mr.  Gibson  was  engaged  tor  a  short  tiuio 
in  completing  an  area  near  Xeath,  upon  which  ho  had  boon 
eugaged  before  his  transference  to  Stafiordshirc. 

The  following  account  of  the  past  season's  work  of  the  staff  in 
South  Wales  mis  been  drawn  up  by  Mr.  Straban,  to  whom  his 
colleagues  have  supplied  notes  regarding  the  groxmd  surveyed 
by  them. 

Carhoniferoufi  fAniPHfovr.- —Thi'  limestones  of  Gower  arc 
described  bv  Mr.  Tiddk.m.vn,  so  far  as  his  investi«xations  have 
gone,  as  bcuig  similar  to  those  of  the  anticline  between  Cow- 
Dridge,  Bridgend,  and  PorthcawL  They  consist  chiefly  of  gicy 
rock,  more  often  dark  than  light,  with  also  shades  of  buff.  Some 
of  the  oolitic  bands  weather  whit&  Crinoidal  hmestoncs  are  not 
common  among  them.  The  greater  part  of  tlie  rock  consists  of 
tine  current-bedded  f)rganic  dehrif^.  Another  common  type 
shows  an  almost  black  stone,  containing  small  organisms  and 
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s.  WalcM.     larger  nosts  of  white  cryRtals,  which  may  represent  the  remains 
(Mr.  Tulde^  of  gholls  Or  oomls.  Tho  oolitic  limestones  range  in  tint  from 
almost  black  to  nearly  croam  colour. 

A  curious  set  of  limestones  occurs  aloi^  the  north  side  of 
Mumhlos  Head.  Tlicre  are  at  \oas.t  thn^o  which  assume  the 
appoanince  of  a  l>reccia.  But  the  tifict  that  the  interstices  I  wi  \v<m'u 
the  a})paii'nt  fragments  are  sometimes  occupied  by  doloiinio 
su^csts  that  the  rook  is  not  a  true  breccia,  but  has  been  tlolo- 
mitised  along  cracks.  The  surfiMjes  of  some  otker  bands  are 
marked  with  a  number  of  small  pits,  most  of  which  contain  an 
irregular  nodule,  also  apparently  of  dolomita  The  edges  of  these 
pits  frequently  rise  above  the  surrounding  surface,  as  though 
there  had  been  some  obstacle  to  rocfidar  deposition.  Similar 
sf  i  nt. I  \s  ure  noticed  by  Mr.  Tiddeman  at  Newton  Nottago, fourteen 
milc^  lo  the  eiist  of  Afumbles. 

A  limestone  known  as  "  Black  Lias,"  which  forms  a  lampart- 
like  scarp  on  the  seaside  of  Oystermouth  Castle,  closely  resembles 
the  normal  form  of  Lower  Lias,  but  contains  Carboniferous 
fossils.  It  is  used  for  building  and  road-metal,  and  will  make 
cement.  It  is  black,  but  l>e('omes  coated  with  a  fine  white 
powdor  on  exposure  to  weather.  Occasionally,  betwocn  strong 
joints,  the  stone  has  decayed  to  a  kind  of  rotten  stone  and  Mr. 
Tiddeman  suggests  that  it  may  be  represented  by  some  white 
clays  ¥rith  Fenestella  and  casts  of  crinoids,  and  some  thin  bands 
of  disintegrated  chert,  which  crop  out  fiirther  west  The  clay 
was  formerly  worked  at  the  Crort  on  Langland  Road,  on  the 
opposite  side  of  the  glen,  and  south  of  Xewton. 

Tlie  general  stnictnro  of  the  area  of  (.'arboniferons  Limestone  in 
Gower  may  l)e  described  as  that  of  a  great  eoinpound  antieline. 
striking,'  pMicrally  W.  1G°  N.,  and  broadening  to  the  we,st, 
where  evenluaiiy  the  Old  lied  Sandstone  conies  to  the  surface. 
The  anticline  is  crossed  by  many  small  &ult8,  ranging  from  north- 
north-west  to  N.  10^  £.  m  direction,  but  it  is  also  greatly  folded 
and  travei-sed  by  faults  which  run  along  the  strike,  and  even 
coincide  for  long  distances  with  the  bedding,  only  here  and  there 
showing  their  tnie  nature  by  a  slight  tninsoression.  Notable 
instances  wli  re  the  beds  are  nearly  vertical,  and  wliere  evidently 
a  fault  fair  ikes  along  a  compound  anticline,  occur  at  Three  CUfls 
Bay  and  Sheer  Cwm. 

One  of  the  lar^t  folds  of  the  compound  anticline  b  that  of 
Oystermouth,  which  is  enclosed  between  the  main  mass  of  the 
limestone  of  the  Mumbles  Head  and  the  road  to  Kewton.  The 
soft  strata  overlying  the  limestone  are  let  in  here.  A  fietult 
miming  nearly  along  tho  road  brings  up  to  the  north  the  lime- 
stone on  wdiich  Uysternionth  Ca.stle  stands.  On  the  south  side 
the  boundary'  is  prubiibly  natural,  but  the  strata  are  vertical. 
Much  of  the  Gower  limestone  has  undergone  dolomitisation,  a 
chanffe  of  composition  for  the  investigation  of  which  the  services 
of  a  chemist  were  needed  Dn.  Pollabd  was  accordingly  instnK  t^ 
to  make  a  carefid  examination  of  the  extent  and  mode  ot 
occurrence  of  tin*  dolomitisation,  and  to  collect  sncb  specimens 
as  might  be  necessary  for  analysis-   So  iar  as  the  observations 
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have  goiio  at  present,  Mu.  Tiddeman  infers  that  all  the  Hmestones  8.  Wales, 
are  Imblo  to  the  change ;  that  iho  alteration  takes  place  along  qJ^jju  % 
both  planes  of  bedding  and  &ult8;  that  it  oocutb  at  all  eleva^  ° 
tions,  but  apparently  reaches  its  greatest  development  low  down 

by  the  sea. 

The  Carboniferous  Limestone  of  the  neighbourhood  of  Cow- 
bridge,  the  surveyini,'  of  which  has  now  boon  completed  by 
Mr.  Cantrill,  forins  nart  of  the  Cowbridgc-(  anlift"  anticline. 
The  shales  which  underlie  the  main  mass  of  the  limestone  appear 
to  crop  out  in  the  bottom  of  the  valley  of  the  Dawen,  while  the 
oyerlym^  rock  forms  the  precipitous  western  sida    The  greater 

£ art  of  the  main  limestone  is  concealed  under  Secondary  rocks» 
ut  it  seems  to  consist  in  the  lower  part  of  dark  crinoidal  lime- 
stone, succeeded  upwards  bv  lii^ht-emoured  oolite. 

In  tlie  north  i  ronMK.  Cantkjll  has  continued  for  some  miles 
the  tracing  of  the  ni^d^  sf  subdivision  of  the  series,  namely  some 
shales  with  their  black  iancstones.  Tlie  rotten-stone,  into  which 
the  Hmestones  weather  at  the  outcrop,  becomes  less  pure  west- 
wards, and  the  whole  band  grows  less  important,  but  the  work- 
ings have  been  cont  inued,  wherever  the  outcrop  is  sufficiently  free 
from  drift  or  grit  d^bi'ia. 

Millstone  Grit. — Tlic  pebbly  conglomerate  which  fonns  tho 
lower  part  of  the  Millstone  Orit  of  the  north  crop  continues  to  be 
well  developed  as  far  westwards  as  the  field-work  has  been 
carried.  Its  rugged  grit-scarps  are  excellently  shown  on  tho 
eastern  side  of  tlS  Twrch  Valley  at  Tyle  Garw,  and  here  may  be 
seen,  not  £&r  from  its  base,  a  thin  band  of  black  pyritous  shale 
with  thin  black  limestones  oontainii^  brachiopooa.  The  rock 
has  at  times  decomposed  into  loose  (fe%ris,  ap^Mirently  through 
the  dissolvinLj  out  of  a  siliceous  f'(»niont.  'I  nls  incoherent  or 
friable  material  has  been  (hi{^  for  siHca  t'or  lining  .sU-i  l  i'urnaeijs, 
and  the  ljla<;k  MounUiiii  Company  is  now  ipiarryin^  a  bed  ot  soft 
grit  for  the  same  purpose.  Hard  imweathered  crit  is  also  ground 
up  and  used  for  tne  same  pturpose,  the  multitude  of  boulders  in 
the  bed  of  the  Twrch  being  thus  turned  to  account. 

Tlie  middle  or  shaly  portion  of  the  Millstone  Grit,  exposed  in 
several  of  tho  moorland  ravines,  passes  up  into  a  set  of  thin 
inipersistent  sandstones  with  shales,  which  form  a  poor  repre- 
sentative of  the  Farewell  Kock  The  line  of  division  between 
the  Millstone  Grit  and  L'oal-moasures  is  purely  arbitrary. 
The  strata  lyini;  next  abovo  the  Carboniferous  limestone  of 


Gower  consist  of  black,  thinly-bedded  shales  with  Pmuhmomya, 
Gtm  iat  'di's,  Etunnphahuf,  <S:e.  These  were  shown  in  tho  oiiginal 
edition  of  the  map  as  Coal-mca.sures,  but  they  more  nearly 
resemble  sliales  assfn-iatcd  with  the  Millstone  (Jrit  'I'o  this 
formation  also  rtiav  ho  probably  assit^ncd  some  hard  olive- 
coloui*ed  santlsiorits  ami  shales,  with  s«»nie  siliceous  rootbeds 
which  crop  out  n»  ar  Lilijmt.  The  silici  »nis  bands,  which'are  not 
unliko.Cockshot  rvMtks,  were  provwl  l»y  Dkla  BKcHKto  bo  the 
floors  of  thin  coal-stinuis. 

C(MU"m*'aHu rej^.  -Thv  examination  of  the  (joal-nn-asures  has 
.'been  continued  as  £B.r  west  as  Gwm  Ll}mteU  on  the  north  cr 
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and  Up  to  tho  east  side  of  the  Tawo  between  Fontardawe  and 

Swansea.  The  survoyinpf  of  tho  Cwmavon  district  having  been 
comploied,  that  of  tho  Coal-measuros  which  travorso  Gower  has 
boon  commenced. 

In  tlie  north  croj),  where  Mr.  Stkahan  wa*»  engaged  with  Mb. 
Cantbill  in  tracing  the  outcrops  of  the  lower  seams,  the  dis^ 
turbances  which  have  been  abmdy  alluded  to*  acquire  special 
importance  fix>m  the  fwt  that  they  here  affect  the  lower  portion 
of  the  Coal-mcAsnres.  Not  only  are  the  seiims  over-folded  and 
ovcr-tlinist,  Init  tlx-  whole  mass  of  sedinH'ntarv  niattn*ial  has 
underL^oiic  dcfuruuilion.  Tho  few  Rhaft-scctions  wliich  are 
obtainable  do  not  therefore  give  the  normal  disiances  !)etween 
the  iscauis,  and  wo  have  to  rely  upon  eslimutes  obtained  by 
averaging  data  collected  over  a  considerable  area.  The 
foUowmg  table  is  based  npon  the  consideration  of  a  number  of 
workings  extending  from  xstradgynlais  to  Gwaun-cae-gurwen: — 

Comparative  SKfTioxs  alon(^  the  North  Crop,  from 
Garnani  to  the  Vale  of  Neath. 


Stwrain  Coal 
Measures 

White  Vein 

Mearaies 

Black  Vein 

Measures 
Little  or  Four-Feet  Vein 

Meftsnres 

Harnlo  Vein 
Measures 
Big  Vein 

Black  Vem 
Brass  Vein 

Mea-;nr<:-5 
Trigloin  Vein 

Measures  with 
Brynlloi,  J^ittle 
Bra.s.s,  Middle, 
aod  Ixiwer  Vdns 


Oarnaiit  and 
Brynammau. 


Yards. 
10 

6  to  8 
22t 

10  to  18 

19  to  22 

34  to  45 
18 

45  (supposed) 


Ystratigvnlais 
and  neighbour- 
hood. 


Tardi. 


6 

Sit 

24t 
25 

28  to  20 
19 


) 


Dulais  and 
Neath 
Valleys. 


Yards. 


15 

or 

^our-Feet  Vein. 
19 


Upper   or  WLite 
ft  ~   


34 


Elghteen-FeetVeiD 

15 

Cornish  Vein. 
13 

Harnlo  Vein. 
11 

Kine-Feet  Vein. 

20 

Yard  Vein. 

2\ 

Two-Feet  Vein. 

('Measures  with  the 
i  Bluers,  Enoch, 
^ou|/puavu/  '  Kbyd,  and  Grey 
1 1  (?Cnapiog)Veiiui, 
V    78  (supjiosed). 


All  of  thoso  seams  are  anthracitic.  The  Four  Foct  or  Littlo 
Vein,  the  Big.  and  the  Brass*  have  been  the  most  extensively 
worked   The  iirst-named  was  raised  principally  in  connection 
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with  some  noted  Ironstone,  and  is  now  scaroelv  bein^  touched,  a  Wakt. 
The  veins  below  the  Brass  Vein  ate  worked  in  Cwm  'Pnrreh,  but  , 

not  fiirtlier  to  the  east.  Straban.) 

Tlic  disturbances;  take  the  forni  of  acute  folds  which  range  in 
direction  iVoni  about  north-east  at  Cwm  Llynfoll  to  nearly  east  at 
Pallcg.  They  thus  cross  the  north-and-south  system  ot  normal 
faults  almost  at  right  angles.  It  seldom  happens,  however,  that 
one  of  these  "slip-ntuits"  ean  be  traced  &r  in  the  disturbed  ground. 
Sharp  as  many  of  the  folds  mv,  the  coal  h:is  proved  hard  and- 
workable  both  over  the  anticlines  and  down  into  iln  syiv  lines, 
ox<M']>t  on  small  strips  upon  the  apices  of  the  folds.  Not  iiitVe- 
<[ucut]y  tlic  compression  nas  reached  a  stage  at  which  foldint^  no 
longer  sut^ieed  to  atlord  relief,  and  in  moh  cases  fracture  ensued, 
and  an  uverthrust  or  *' overleaf"  was  produced.  Many  small 
and  large  examples  of  such  structures  may  be  examined  In  the 
old  pateh-works  above  Oyrnos,  but  one  oi  the  most  mstructive 
has  been  worked  out  in  detail  at  the  Palleg  Colliery  by  Mr.  H. 
HuxHAM,  from  whose  paper*  the  materials  for  the  accompanying 
figtirc  liave  hcvn  taken  l  y  his  kind  permission.  The  fold  snown  ih 
the  up{M3r  section  is  cx|)oscd  to  view  in  the  precipitous  side  ot  tho 
valley;  in  the  second  aind  third  sections,  which  were  drawn  about 
100  and  200  yards  respectivelv  further  west,  this  fold  has  passed 
into  anoverthrust^  whieh  wasnilly  explorod  in  working  the  Brass 
Vein.  The  quantity  of  Brass  V  ein  available  was  considerably 
increased  by  the  overthmst.  and  the  Big  Vein,  which  had  been 
previouslv  worked,  is  said  to  have  been  thri<  c  overthrust,  SO  as 
to  occur  m  three  "  overlcavcs,"  in  this  same  Lrround. 

To  some  such  structure  a.s  this  must  be  atlribiUed  a  repiitition 
of  the  outcrops  at  Ystradgj'nlais  for  which  no  explanation  has 
hitherto  been  forthcoming.  The  Four  Foot,  Big,  and  Brass 
Veins  crop  out  in  the  hillsme  between  Ystrad^ynlais  Colliery  and 
the  Hendre-ladis  branch  railwav,  with  a  steatl}'  dip  to  the  south- 
east^ Yet  in  the  Giedd,  more  tlian  half-a-milo  to  the  north-west, 
where  their  j)osition  should  Iwhigl)  inthenir,  thcsfM'cins  crop  out 
a  st'cond  time.  The  rejxjtition  would  be  accounted  t'or  by  a  fault 
runniuL^  al)out  south-west  with  a  downthrow  northwards  of 
upwards  of  200  yai<ls,  and  it  has  been  generally  assiuned  that 
such  a  fmlt  exists  and  runs  imdor  Ystrad-fawr,  near  the  Hendre^ 
ladls  New  Pit,  by  Penrhos  and  iip  the  Tawe  Valley  to  the  Lamb 
and  Flag  Inn.  This  Cwro-ddu  Fault,  as  it  is  called,  must,  how- 
ever, he  supposed  to  cross  t]i<  outc  rops  of  the  Four  Foot.  Tii<4,  and 
Brass  Veins  near  tlu?  Castle  liui,  where  there  is  no  break  in  their 
continuity,  while  to  the  south-west  it  would  rani,'*^  f(M*  a  ]){irt  of 
the  Tawe  Valley,  where  the  crop  of  the  Red  \  ein  seems  to 
disprove  the  existence  of  a  fault  of  any  magnitude. 

It  would  be  impossible  to  describe  in  detail  all  the  forms 
assumed  by  the  strata  in  the  disturbed  belt  of  ground,  but  it  may  1  ►e 
mentionea  that  sharp  fobling  may  be  seen  in  the  old  Cwm  rhil 
latches;  at  Melin  Palkg  and  in  the  Twrch  Valley  <  lose  by,  as 
well  as  at  the  Pallt^  Colliery  ;  in  the  Gwys  Valley  wear  Tir-y-gof; 
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in  the  Twrch  Valley  from  Bryn  Hcnllys  to  near  the  silica-works ;  S.  Wale*, 
and  in  Cwm  Llynfell    Similar  rolls  occur  in  the  did  patch-works  ^Jj^'^^j 
at  Brynamman  and  in  tlie  Garw  Valley,  while  some  pnrallcl  dis- 
turbances linvo  1)0011  noted  by  Mr.  Cantrill  in  the  MilistonoGrit 
of  Garcg-lwyd  and  Tair  Carn. 

The  largest  of  the  nortli -and-south  faults  wliich  cross  this  part 
of  the  north  crop  is  known  as  tlio  Cwin  Llynf(!ll  or  Hryn-Uorrith 
Fault.  It  is  a  downthrow  to  tho  west  of  about  240  yards,  and 
fidk  into  line  with  the  Bhydding  Fault  bo  far  as  that  has  yet 
been  traced.  Another  important  &ult  crosses  the  Twroh  river 
near  the  silica-works,  and  has  been  proved  in  the  workings  of  the 
Brass  Vein  across  tho  mountain  to  near  the  Gwys  river.  This 
also  is  a  downthrow  to  the  wast,  and  forms  the  eastern  liimt 
of  the  held  of  tho  Brass  Vein.  Two  important  faults  have 
been  shown  by  Mr.  Cantrill  to  throw  down  the  trough  of 
Millstone  Grit  which  forms  Es^air  Hir. 

The  folding  of  the  strata  here  described  Is  almost  wholly  con- 
fined to  the  outcrop  of  the  lower  measures,  and  the  Red  Vein 
crops  with  great  regularity  round  hill  after  hill.  It  woidd  not  be 
prudent,  however,  to  assume  that  the  lower  strata  arf^  not  simi- 
Tarl  v  folded  under  those  hills,  for  experience  gained  in  other  parts 
of  the  Coal-fiold  lias  tauj^ht  that  soft  measures  of  this  type 
though  hii^hly  contorted  themselves  may  be  directly  overlam 
by  strata  in  wliich  no  disturbance  is  manifest.* 

The  Red  Vein,  which  is  about  lU  feet  thick,  lies  about  170 
yards  above  the   Stwrain    Vc'm,   the   highest  of  the  seams 
mentioned  m  iho  table  given  above.    It  is  worked  at  the  Farteg 
Colliery,  Ynysygoinon  and  Ystaly&ra.    At  the  Ynysygeinon 
ObUiezy  it  is  thn>wn  down  westwards  by  two  &ults  of  forty  and 
sixty  yards  respectively,  one  on  each  side  of  the  level.  The 
former  dies  away  southwards,  but  the  sixty-yard  fault  runs  just 
east  of  Daren  Wyddon  and  traverses  the  mountain  for  some 
distAncc.    A  branch  of  it  with  a  wijstcrly  downthrow  of  about 
twenty  yards  is  well  seen  hi  the  southern  angle  of  Daren  Wyddon. 
The  veins  above  tho  Red  Vein  consist  in  ascending  ord^  of  the 
Welsh,  the  Pinchin  and  the  Ynysarwed,  none  or  which  are  at 
present  worked  in  the  area  surveyed  last  year.   The  last-named 
represents  No.  2  Kliondda,  and  lies  at  the  foot  of  a  conspicuous 
rock-feature;  as  at  Crvnant,  tliero  is  a  conglnmorate  band  with 
pebbles  of  quartz  and  ironstone,  a  yard  or  two  above  the  coal. 
The  scam  is  visible  in  Daren  Wyddon  and  Taren-y-gigfran,  and 
it  has  been  worked  at  the  outcrop  as  far  as  Cwm  Clic.    In  that 
ravine  it  has  been  recently  driven  into  for  abont  200  yards,  but 
being  in  troubled  ground  and  the  coal  being  a  bastard-anthiacite 
for  which  there  w  jis  no  good  market,  the  workings  were  not 
profitable.    The  distance  from  the  Ynysarwed  Vein  to  the  Red 
Vein  can  be  calculated  at  the  old  pit  at  Ynysygjeinon  Junrtion. 
The  Ynysarwed  crops  out  3H)  f*  et  above  the  pit,  and  tlie  Red 
Vein  was  reached  in  the  pit  at  al>oiit  130  or  140  yards.  Making 
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8.  Wale^.  aUowanco  for  the  dip  we  get  about  260  or  270  yards  9S  iSaid 
Mr"^  Gib®oa!i*  between  tho  veins,  as  oompared  with  270  yards  in  the 

^'   *        Dulais  Valley. 

Above  the  Ynysurwed,  or  No.  2  Khondda,  lies  a  great  ma??s  of 
almost  unj^rofluetive  measures,  chiefly  compust'd  of  Peiiiiant 
Grit,  with  .subordinate  beds  of  shale,  and  a  few  bands  of  ouartz- 
roek.  This  barren  zone  has  liitherto  proved  a  complete  barrier 
between  the  productive  upper  measures  of  Swansea  and  those 
which  have  been  described  above.  These  productive  upper 
measures  may  be  considered  to  commence  with  the  vein  wnich 
is  variously  known  a.s  the  Esgirn  at  Cwmavon,  the  Hughes  Vein 
at  Swansea,  and  tin  Wenallt  at  Neath  and  east  of  it,  and  the 
determination  ot  thu  distance  from  the  Ynvsarwod  to  the  Hughes 
Vein  thus  becomes  of  the  greatest  importance  in  view  of  the 
probabiUty  of  deep  explorations  being  carried  out  in  the  central 
parts  of  the  Coal-iield.  An  estimate  therefore  has  been  made 
from  more  than  one  source. 

In  the  Neath  Valley,  the  Clyne  Shaft  started  500  feet  l^elow 
the  crop  of  tlie  Wenallt  Scam,  and  at  a  depth  of  209  yards 
reached  a  coal,  2  ft.  10  in.  thick,  which  was  supposed  to  be  No. 
1  Rhondda.  The  crop  of  the  Wenallt  seam  is  2,000  feet  di^titut 
fi'om  the  pit,  and  alluwmg  a  dip  of  o  we  get  434  yards  as  the  true 
distance  bom  the  Ynysarwed,  to  this  supposed.  No  1  Rhondda. 
This  distance,  however,  is  too  great,  and  the  seam  was  prol)ahly 
No,  2  Rhondda,  for  in  Cwm  Cregen  in  the  Cymmer  Valkv,  Mr. 
Giusox  finds  the  Wenallt  to  be  332  yards  above  No.  1  Rhondda, 
and  432  yards  above  No.  2  Rhondda.  Aq^ain  in  the  Cadoxton 
Pit,  which  starts  twenty  yards  below  the  Gellia  (WenalU  )  Seam, 
and  extends  to  a  depth  (including  a  borehole  of  403 A  feet  )  of 
3y7  yards  below  that  seam,  no  rejpresentative  of  No.  2  Khondda 
has  been  found.  Lastly  a  section  has  been  plotted  through 
Mynydd  March  Hywell,  under  which  the  Weiiallt  seam  has  been 
almost  continuously  worked  under  the  name  of  the  Gellia  Vein* 
to  the  crop  of  the  Ynysnrwed  Vein  at  Cwm  Clic,  with  the  result 
of  showing  that  there  must  l>e  not  less  than  420  yards  of  strata 
between  tlie  two  veins  We  may  a.ssume  then  that  tlie  actual 
distance  from  thj  WenaUt  to  the  No.  2  Rhondda  seam  in  the 
Tawe  and  Neath  valleys  lies  between  420  and  440  yards. 

The  Wenallt  or  Hughes  Vein  is  one  of  a  group  which  has  been 
extensively  work  1  near  Swansea.  The  group  includes,  in 
descending  order,  the  Dirty,  the  Rhesoff.  the  Slaty,  the  Curly,  the 
Bodwr  or  Rotten,  and  the  lfn!:^dies.  Of  these,  one  only  exists 
in  wnrkaMc  form  at  Neatli  and  in  the  Tawe  valley  above 
Llan.suulet,  and  whether  that  one  represents  the  Hughes  or 
the  Bodwr  Is  open  to  doubt. 
The  distance  from  the  Qraigola  to  the  Hughes  Seam  has 

*  This  seam  is  locally  called  the  Oraigola.  During  Uie  past  year,  how- 
ever, Mi:.  Stilvhan-  luw  found  that  the  true  Graigola  Vein  lies  about  230 
yarda  higher  up.  A  ^aasage  in  laht  year's  iSummart/  of  PnMfress,  \t.  1 1 5,  in 
which  the  Oraigola  it  correlated  with  the  WenaUt  requires  modification. 
It  is  the  BO-called  Graigola  of  Myoydd  Maroh  Hywell  which  may  be  so 
correlated. 
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tecmtty  heea  pMved  by  a  shaft  at  Waun-y-coed  near  Pontaidawe.  Walea. 

The  sinking  commenced  20  yards  below  the  crop  of  the  Gnu^i^Ia  i^^^^m  j 
and  proved  the  Huglu  s  at  216  yards.    Allowing  for  a  small 
dip  we  may  take  234  yards  as  the  distance  between  the  two 

seams. 

From  tlio  Oraigola  upwards  the  section  hiku  been  proved  at 
the  Djtiryn  Main  and  Primrose  Collieries.  We  may,  therefore, 
proceed  to  ooostruct  a  table  showing  the  thicknesses  ot  the 
measures  of  the  Neath  Trough,  from  we  highest  existent  down 
to  the  lowest  wliich  may  be  mferred  to  exist  from  what  can  be 
seen  at  the  North  Crop. 


Bryn  Coch  Vdn      ,     -  - 

Measures  -  -  -  * 
Werullraitli  or  Primrose  St^am  - 

MoaBliree  about  lOr*  yards  - 
Qieeiiway  or  Court  Herbert  Sesim,  i    *  nvflWn 
imiHir^,i8tent  '      '    i  ^^'^^'^ 

Measures  about  130  yards  -  ) 
Little  Tyr  Eclmond  Beam  

Measures 

Lower  Tyr  Edmond  or  Victoria  Seam  (the 
Hard  and  the  Brithdir  Vein)  - 

^ileastires 

Graii^ok,  or  Green  v.  a>  Vt^in  of  Guoll  - 

Measure^*,  .'^7  viirds     -  - 
Upper  Mar'Ti  •  !vn  Vein     "      "  I 

MeasurcH     -       -       -       -  / 
Wenallt  or  Hughea  Vein  

Moasiu-c8    -  - 
Na  8  Rhoodda  or  Yoymurwed  Vein  - 

\feasurc8  -----  200  to 
ited  \  cin  

Measures  about 

Four  Feet,  Little,  Of  Fenmig  Vein  • 

Meaauree  33  to 

Big  Vein  

Me}\sares  from  80  to  45  yards  -  -  say 
Bn^s  Vein  -       ...       -       -       -  - 

Measuie^  with  Trigloin,  Bryn-Uui,  Middle, 
and  Lower  Veins    .      -      .  about 


Thickness. 


ids.  ft 

152  2 

286  0 

2  0 

26  2 

234  0 


420 
270 
200 
40 
35 


0 
0 
0 
0 
0 


below  Bryn 
Coch  Vein. 


yds.  a 

152  2 

378  8 

380  2 

406  1 

604  I 


100  0 


1,0G0 
1,330 
l,r)30 
1,570 
1,605 

1,766 


1 
1 
1 
1 
1 


It  must  be  borne  in  mind  that  in  this  Table  the  measure- 
ments given  tor  ihe  strata  bolow  No.  2  lihondda  were  obtain^ 
in  the  North  Crop  and  that,  in  accordance  with  the  general 
rule  that  the  Coal-measures  thicken  southwards  and  westwards 
in  South  Wales,  they  would  be  considerably  thicker  under  Neath. 
Further  light  may  be  thrown  on  the  point  when  the  South  Crop 
has  been  more  fully  examined. 
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'I'he  Nejvth  section  difters  materially  from  that  of  East 
Gluinot^Hn.shire.  The  No.  1  Lliintwit,  which  may  ha  t^iken  to 
bo  the  equivalent  of  the  Myuyddislwyn  of  Momuouthshke,  pro- 
bably oorresponds  to  the  Weralfraitk  Hughes  Vein  oonesponds 
to  the  Wenallt,  which,  as  was  ftointcd  out  in  the  Summury  of 
PrtHiresH  ioT  1898  (p.  115),  is  prohably  the  Pon-y-grocs  Vein  of 
Lhmtwit  Fardre.  'I'ne  StwTain  ofCwTii  Twrrh  is  hclitned  to  l»e 
the  Two  Foot  Nine  Soam,  whilo  the  Big  Vein  corresponds  to  the 
Nino  Foot  or  llas-las. 

At  Llautwit  thu  No.  1  Llantwit  lies  115  yards  above  the  No.  ,3 
Iilantwit;*  No.  3  Llantwit  60  ^ards  above  the  Pen-y-groes  Vein!  At 
the  GlynColliory  the  Tydu  Vein,  which  is  probably  the  Pen-y-groes 
Vein,  m.iy  be  estimated  to  lie  about  275  yards  above  tho  No.  2 
Rhondda,  the  distance  between  t  he  two  outcrops  being  360  yards 
and  the  (lip  x  ^rying  from  40"  to  62'*.  The  distance  from  the 
No.  2  I^lioTnldu  to  tho  Two  Foot  Nino  Seam  has  been  proved  in 
the  l\lioji(Ula  Valloys  to  average  300  yards,  while  in  tho  same 
distiiet  the  distance  from  the  Two  Foot  Nine  to  the  JJig  Vein 
ranges  from  60  vaids  near  Abeidare  to  113  yards  at  Olydach 
Valok  We  lire  tnus  able  to  construct  the  following  comparative 
sections  to  illustrate  the  thickening  of  the  measures  in  &  hozi- 
zont'il  distance  of  20  to  25  miles.  The  most  rapid  expansion 
shows  a  rate  of  1  in  116,  which  is  by  no  means  improbably 
great 

Rhondda  Valleys  and 
Llantwit  Fardre. 


Neath  Tbouob. 

Wemffnuth  Seam 

Measures  454  ysfds 
Uraigola  Seam 

Mea8ureH  234  yard»  in 
the  Tawe  Valley 
Hoghes  Vein 

Measures  - 
YuysATwed  Vein 

Citwrain  Vein 

Measures  • 
Big  Vein 

Meaaurea  - 

Bra^  Vein 


I 


Tarda. 
488 

420 

440 
70  to  80 
20  to  35 


Llantwit  Na  1  Tarda 
Measures  -     •     •  176 


Tydu  Vein 

Measures    .      .      •  970 
No.  S  Rhondda 

Measure'^  -  800 

Two  Feet- Nine  Seam 

Measures  -  -  •  60  to  113 
Nine  Feet  Seam 

Measures   .     •>     •  — 


In  the  neighbourhood  of  SwHTT^^  a  only  the  Hughes  riTuI  the 
veiTis  above  it  are  worked  Tiiu  various  seams  are  identitiablo 
wi(.li(»uL  much  ditlicultv  as  far  west  as  the  Gardener's  Fault,  a 
downthrow  of  more  than  300  yards  to  the  Avest,  which  runs  up 
Cwm  Crymlip  by  the  BirchgrovePit  to  Glais.  The  seams  which 
are  thrown  in  at  LUinsamlet  on  the  west  side  of  this  &ult  are 
commonly  stated  to  be  bitiuninous,  while  those  on  the  east  are 
steam-coals,  a  statement  which  is  true  to  the  extent  that,  owing 
to  the  lar^e  displacement  of  the  fault,  seams  belonjxinq"  to 
the  more  highly  bituminous  upper  mrt  of  the  Coal-measures  aro 
thrown  face  to  face  with  thosu  belonging  to  a  lower  and  more 

*  Se^  Vertical  Section  of  the  Geological  Survey  Sheet,  No.  81,  section 
Ne.6» 
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anthracitic  zou&    The  correlation  of  the  seams  has  been  attended  8.  Waleo. 
wkh  some  difficulty,  partly  owing  to  the  lai  I  ihai  every  shaft  on  ii^^S|!Jj'^' 
the  west  of  the  fault  lias  been  sunk  on  a  fault,  and  that  ft>r  many  ^^'^  ^ 
yciirs  the  true  setj[Uonce  of  moiusnres  remained  unknown,  and 
^rtly  in  coiLsequonce  of  cozisidorablc  changes  und(n-<(oiu.>  by  tho 
seams  in  that  neighbourhood.  The  following  table  givos  tho 
most  probable  identification: — 

LlansahIiBt  Vii  Nbath  Teovoh  v<1 

(West  of  the  Qaideiiei's  Fault).        (East  of  the  Gardener's  Faulty 

Drew's  Vein  Bryn  Coeh  yein 

Measures     ....  153 

Four  Feet  iSeam  Weroffiraith  Vein 

Measiires    ....  ns) 

Five  Feet  Seam  \  264 

Measures     -      -      -      .  HQ) 
8ix  Feet  Seam  (  iraigolii  iyemn 

MeasuiL's     ....  20"^ 
Three  Fe<>t  Seam 

Measures     -      -      -      -  44  r 
Two  Feet  Seam  VNot  {woved,  but  about  240 

Meaaure.s,  including  four  or    *  j 
five  workable  aeama  in  their  ! 
lower  part  -      -      -      -  211J 
Holies  Seam  Hughes  Seam 

It  would  appear,  therefore,  that  the  Brilhdir  or  Tyr  Edmond 
Seam  is  absent  on  the  west  side  of  the  faulty  while,  on  the  other 
hand,  the  group  of  seams  which  at  Swansea  occurs  close  above 
the  Hughes  Vem,  is  represented  by  one,  or  perhaps  by  two  seams 
^t  Neatn. 

'  The  surveying  of  the  Bryn  and  Cwmafon  district  has  now  been 
completed  by  Mr.  Tiddeman.  He  finds  that  the  strong  rock- 
f^turc  which  ho  traced  through  much  of  the  Maesteir  distrirt 
mider  the  name  of  the  Llynfi  Rock  is  the  snme  as  tliat  called  the 
Tormvnydd  Rook  iurther  west.  The  Wornpystill  Seam,  which 
Ues  aoove  that  rock,  and  not  the  Tormvnydu  which  lies  below  it, 
win  therefore  represent  the  No.  2  Rhondda  Seam,  which  has 
been  selected  as  the  base  of  the  Pennant  series.  The  Cock  shot 
Bock,  another  distinctive  horizon,  has  been  traced  to  the  fore- 
shore near  fiagian  School 

The  series      coal-seams  below  the  representative  of  No.  2 
Rhondda  is  as  follows: — 

The  Tormynydd,  which  proves  well  from  Cwmafon  to  Bryn. 

The  Jonah  is  t}iiu  tliroii;;liout. 

The  White  Seam  is  about  4  feet  thick,  and  is  regular  from  Cwmafon  to 
Maesteg. 

Til'-  C! !}'  Si  iTTi  prove''  well         a  thickneas  of  about  l'  ft  4  in. 

The  Cwm  Mawr  Seam  is  thick  near  Cwmafon,  but  thin  from  Bryn  to 
Ihrrysiog.  It  is  considered  to  correspond  to  the  Victoria  Scam  of 
Maesteg. 

The  Golden  Vein  has  been  worked  level  from  Cwmafon  to  Brvn 
collieries,  and  in  about  3  feet  thick.  It  is  believed  to  correspond  to  the 
Two  and  a  half  Feet  seam  of  Maesteg. 

The  CoclcBhot  Seam  rest  ■  upwn  or  close  above  the  Cockflhot  Rncl:  and 
consults  of  two  coals,  2  ft.  and  2^  ft.  thick.  It  represents  the  Caedeiaid  o 
the  Llynfi,  Ogmore,  andOarw  valleys 
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Wateeu  The  Finery  ^ani  wa^  formerly  worke.i  at  Bryu  on  the  anticline  adjoining 
(Mr.  the  Mod  (Jilau  Fault,  ut  Hiyii     mas  ami  also  at  Cmnafon.    It  wtvs  much 

otffthatk)      eHt£>ciiieii  tor  c<)p|>er-snielting. 

This  ifl  followed  in  dt'si  uJirliui:  order  hy  tlu;  Tppor  Four  Feet,  the  Big 
SeaiUf  the  Coal  aud  Mine  bcaui,  the  Lower  Four  Feet^  the  Four  and  Five 
Feet  Seam  and  the  Yard  Seam,  some  of  which  have  been  worked  about 
Cwniafiin. 

The  Park  C'olliery  Shaft  at  Baglan  struck  the  T'lig  ^'ein  at  D<»  yards 
depth,  but  the  ground  was  much  dihturbed  o\Miig  lo  lixu  nearness  of  the 
Mod  Gilau  Faolt 

Faults. — The  Gnoll  Fault. — This  great  lault  runs  from  the 
South  Crop  near  Owmafon  to  the  Neath  Valley  near  Llantwit  by 
Neath.  At  Owmafon  it  was  proved  in  the  working  of  the  lower 
coals  to  bo  a  downthrow  to  the  west  of  about  70  yards,  but  at  the 
Gnoll  its  throw  must  be  between  400  and  500  yards,  for  at  this 
point  it  brings  the  Court  Herbert  Scam  nearly  on  a  level  vnth  the 
Glyngwilym.  Now  the  Court  Herbert  Seam  is  the  Greenway 
Seam  of  Dylfryn,  whieh  lies  150  yards  above  the  Graigola,  and 
therefore  about  390  yards  above  the  Hughes  or  Wonallt.  The 
Glyngwilym  lies  about  50  yards  |)elow  the  Wenallt,  giving  the 
total  distance  between  the  Court  Herbert  and  Gfyngwilym 
Seam  as  440  yards. 

The  direction  of  the  Gnoll  Fault  £rom  Owmafon  to  Gnoll  is 
almost  due  north,  but  at  the  latter  place  it  was  proved  in  the 

workings  of  tlic  (rrai<(ola  Scam,  and  may  be  seen  on  the  surlaco 
also,  to  turn  Lu  the  north-west,  the  furthest  point  to  whieli  it  has 
been  proved  being  nearly  under  the  Neath  Workhouse.  Its 
course  from  this  pomt  has  been  the  subject  of  much  dispute.  It 
certainly  does  not  cross  the  Gellia  (Wenfdlt)  workmgs  of 
Oadoxton,  and  Mynydd  March  Hywell,  nor  can  tiiere  be  a  large 
displacement  if  any  between  the  Wenallt  outcrops  on  the  norm 
and  south  sides  of  the  Neath  Valley.  We  are  compelled  to 
assume  thornfore  that  the  Gnoll  Fault  must  continue  to  head 
westwards  so  as  to  keep  clear  of  the  soutliernmost  w(^rkings  in 
the  Gellia  Vein,  and  nmst  run  into  the  Khydding  Fault.  Tlie 
bond  is  unusually  abrupt  for  so  la^e  a  fault,  but  can  be  matched 
to  a  certain  extent  botn  in  the  Khydding  and  Dyflryn  Faults 
further  north.  Moreover,  it  is  a  fact  that  the  Rhydcling  Fault 
^eatly  increases  in  -its  throw  at  Cadoxton,  as  would  happen  if 
It  had  been  joined  by  another  \nr^Q  westerly  downthrow,  a  ituOt, 
liowever,  which  is  capable  of  another  explanation. 

Thp  IVii/ihJhirj  Ftinlf  — This  fault  is  reeoorm'sahk;  in  the  South 
Crop  iii'ar  Baglan  House,  and  becomes  an  important  down- 
throw totlio  woHt  near  Neath,  its  throw  at  Eaglosbush  amounting 
to  140  yards.  Near  Cadoxton  on  the  north  side  of  the  Neath 
Valley,  it  throws  the  Wemfiraith  Seam  nearly  on  a  level  with  the 
Gellia,  which  means  a  displacement  of  about  500  yards,  ie., 
an  increase  in  throw  of  3G0  yards  in  about  a  mile  and  a  half. 
Two  miles  further  north  the  throw  increases  to  nearly  800 
yards,  hut  at  Cwm  Clic,  ncMrly  five  miles  north  of  Cadoxton, 
the  fault  throws  No.  1  liliundda  on  a  level  with  the  Graigola, 
which  mcAiis  a  displaeeinent  of  only  about  '.IM)  yards.  Thence 
the  dislocation  runs  northwards  and  probably  becomes  the  Bryn 
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Ueftinth  Fault  previously  mentioned  Two  &cts  may  be  noted  s.  WftT«. 
with  respect  to  this  &ult  Firstly,  it  splits  near  Letty-soc  m  ) 
as  to  effect  its  throw  by  t^^-')  steps ;  the  easternmost  Step  throMong 
in  a  sniall  patch  of  the  Graij'ola  Vi-in  (whi<  li  is  now  heing 
workeil)  on  a  Irvel  with  the  Gmlia  and  iMjing  iheret'ore  about  240 
yards,  while  the  second  step  which  lies  l)ctween  300  ami  400 
yards  further  west,  thiuws  the  Graigola  dowik  a  further  500 
Yiirds,  or  more,  to  the  position  in  which  it  has  been  worked  at  the 
Dyffryn  Main  Colliery.  The  second  point  is  that  the  fiiult  on 
approaching  the  Tawe  Valley  at  Cwm  die  makes  a  sharp  bend 
to  the  west,  but  after  crossing  the  valley  resuni  '^  its  normal 
trend  The  bend,  though  much  less  abrupt,  resembles  that  made 
by  the  GnoU  Fault. 

The  Lf/fi'i/n  Fault,  wliich  ri^ns  nearly  |)arallol  to  the  Rhydding 
Fault,  lies  at  an  average  distance  of  about  a  mile  to  the  west  oi 
it  It  is  a  downthrow  to  the  east,  and  with  the  Rhydding  Fault 
forms  the  well-marked  trough  of  Dyrt'rya  It  crosses  the  south 
crop  on  the  west  side  of  the  Neath  at  Briton  Ferry,  and  from 
Skewen  can  be  traced  northwards  almost  continuously  botli  by 
old  workings  and  on  the  stirfnce  past  the  Tawo  Valley.  Tbis 
fault  also  on  crossing  tliat  valley  makes  a  bend  similar  to  that 
made  bv  the  Rhvddiui'  Fault.  At  Skewen  the  JJvrtrvn  Fault 
throws  the  Greenway  down  nearly  on  a  level  with  the  Graigola 
Seam,  and  mav  be  taken  to  be  a  shift  of  100  yards ;  nearDyHryn 
House  it  is  believed  to  have  a  throw  of  380  ^ards  and  at 
Wemddu  of  440  yards,  the  Graigola  of  the  west  side  bemg  at  a 
higher  olovation  than  the  RrynCoch  Vein  of  the  oa.st  side.  Here 
the  fault  is  at  its  iiiaxhnuni,  tor  near  tlie  Tawe  Valley  it  tln-ows 
tlie  Graigola  on  the  east  a  short  distance  only  below  tJie  Hughes 
Vein  on  the  West,  a  shift  of  less  tlian  300  yards.  li<jth  here 
and  at  Llangiwg,  however,  it  is  accompanied  by  strong  flexive 
which  makes  it  difficult  to  estimate  the  shift  effected  by  the 
fracture  alone. 

It  will  Ije  seen  that  the  Khydding  and  Dylfryn  Faults  attain 
their  maxima  in  the  same  region,  namely  ncnr  Uryn  Coch; 
the  measures  dropped  down  in  the  trough  lietween  the  two  faults 
assume  in  fact  a  synclinal  form,  the  deepest  ptirt  lying  at  the 
spot  named  The  strata  composing  Mynydd  March  Hywell 
on  the  east  side  oi  the  Rhy^ddu^  Fault  show  no  such  synclinal 
structure,  and  the  increase  in  the  tlirow  of  the  Rhydding  Fault 
from  Neath  northwards  is  thought  by  some  authorities  to  be 
snfheiently  explained  by  the  dillerence  in  inclination  of  the 
strata  on  its  two  sides,  without  thn  Assistance  of  the  OnoU 
Fault,  as  discussed  above.  The  suppusitiou  appears  to  involve  a 
confusion  between  causo  and  uticct ;  the  synelinal  form  of  llie 
trotigh  measures  is  the  neoessarv  result  of  so  large  a  subsidence 
between  two  fractures  of  linuted  length. 

7%8  Qardener's  Fault. — This  important  westerly  downthrow 
runs  from  Jersey  Marine  by  Glan-y-wern  and  iin  the  Crymlyn 
Dingle.  Here  it  throws  the  Llansamlct  Four  Foot  Vein  on  a 
level  ^vith  the  Maes  Mclyn  Vein.  The  Four  Foot  \'ein  we 
believe  to  be  the  VVerutiraith,  which  lies  230  yards  above  the 
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Graiirola  at  Llansainlet,  while  the  Maes  Melyn  lies  about  87 
yarilh  l>clo\v  that  vein,  tlio  throw  of  the  fault  thoreforo  l>eing 
323  yards.  The  fault  intei*sects  the  outcrop  of  the  Graigola  at 
the  old  Hool-ddu  Ck>Uier^ ,  and  pasaos  through  the  Bircngrovo 
and  Sister's  Pits  to  Glais,  whence  its  course  is  still  under 
investigation. 

Tin'  Urothers  Fault. — Tliis  may  ho  regarded  as  a  branch  of 
the  ( riirdt^ner's  Fault,  sprinfring  from  it  between  Hool-ddu  Drift 
and  the  Kmily  Pit.  At  the  Brother's  Pit  it  Wiis  foimd  to  consist 
of  three  steps  of  40,  50,  and  CO  yards,  all  down  to  the  west.  It 
appears  to  have  been  touched  ironi  the  Garth  Pit  and  to  range 
for  the  Midland  Railway  bridge  at  CHydach. 

The  Betkd  or  Pwrc  PU  FavU.  —Th]B  is  also  a  downthrow  to 
the  west,  and  has  been  traced  at  pi-osent  through  Pentre-dwr^ 
the  Now  Pit  and  the  Pare  Pit  at  Trallwyn  to  the  Gwora  Pit. 
Here  its  throw  is  sjiid  to  }wi  100  yards.  The  fault  has  bei-n 
touched  also  in  tlio  workings  l)oth  of  the  Drew's  and  Four  Feet 
Scams  from  Brother's  Pit,  but  its  throw  has  not  been  deter- 
mined, though  it  seems  to  be  diminishing  northwards.  What 
may  be  a  continuation  of  it  was  touched  200  yards  south-west  of 
the  Garth  Pit. 

The  Sir  Pit  Fault  traverses  the  pit  of  that  name  and  the 
Mai*sh  Pit,  and  is  a  downtlirow  to  the  west. 

The  Pwll  Mawr  Faalt  is  a  downtiirow  to  the  east  of  80  yards 
at  the  Pwll  Mawr  Colliery,  but  is  supposed  to  be  rather  less  south 
of  Bon-y-Maen.  Its  ett'ects  on  the  configuration  of  the  ground 
are  most  marked,  however,  where  it  crosses  the  outcrops  of  the 
Hughes  group  of  veins  at  Tir-isaf,  and  throws  the  soft  measures 
associated  with  them  against  the  Pennant  of  Cam  Nicholas 
Farm    The  fault  runs  out  to  sea  at  the  Crown  Spelter  Works. 


TRIASSIC. 

As  already  mentioned,  various  tracts  of  formations  younger 
than  the  Carboniferous  series  have  been  revised  in  connection  with 

the  rusurvey  of  the  Coal-fields,  SO  that  the  one-inch  sheets 
mi^ht  l^e  everywhere  brought  up  to  datei  In  North  Stafford- 
shire and  the  sun-ounding  country  this  revision  has  been  carried 
on  by  Messks  Bxkrow,  Gibson,  P(m oi  k,  and  Wedd.  In  8outh 
Wales  the  \  rk  has  been  mainly  done  by  Mb.  Tiddeman  and 
Mu.  Cam  u ILL. 


North  Staffordshire  Begion. 

In  North  StatYordshirc  Mn.  Harrow  has  mapped  t  wo  separate 
areas  of  liunter  Sandstone  and  Conglomerate.  The  lirst  of  these 
hes  to  the  north  of  Leek,  and  forms  the  north  end  of  the  long 
inlier  that  fills  the  old  pre-Triasstc  valley  through  which  the 
Churnet  now  flows.  Tliis  valley  has  been  eroded  m  the  mass  ot 
soft  shales  underlying  the  Third  Grit  In  shape  it  recalls  the 
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form  of  some  of  iho  longer  lakes  of  Scollaiitl,  from  which,  how- 
eyer,  it  ossentiallj  differs  in  that  the  water  must  have  flowed  out 
through  the  breachii^  of  one  side  of  the  valley.  This  outflow 
not  improbably  occurred  at  the  hollow  south-west  of  Rudyard, 
as  is  suggestea  by  the  occurrence  of  the  patch  of  Bunter  at 
Endon,  some  miles  down  this  lateral  valley. 

In  the  other  or  Cheadle  area  of  Triassic  rocks  only  their  ^'l>«»'il»' 1>mi 
margins  have  Ijeen  at  present  mapped,  so  that  little  win  yet  be  jj^^^^?*'' 
said  regarding  them.  Evidence  has  Ixjen  accumulated  as  to  the 
very  uneven  natuie  of  the  eaxSuse  of  the  Carboniferous  floor  on 
which  the  Bunter  strata  rest.  Thus,  the  mass  of  New  Red 
Sandstone  on  the  north  side  of  Cheadle,  shown  on  the  publLshcd 
map  as  an  outlier,  resting  apparently  on  a  comparatively  flat 
surface  of  Coal-measnres,  proves  to  be  in  reality  merely  the  end 
of  a  thick  mass  that  tills  an  old,  steep-sided  valley,  llns  nituss 
and  the  vuUey  which  it  fills  is  continuous  eastward  to  the 
Chumet  valley-,  in  which  direction  the  water  flowed  The 
breadth  of  this  sandstone  at  Cheadle  arises  from  the  valley 
having  here  been  cut  out  of  soft  shales.  Further  east  the  valley 
passes  through  the  much  harder  Kingsley  rock  already  referred 
to,  and  there,  together  witli  its  inJilTing  Bunti;r  Sandstone,  it 
becomes  nnuh  narrower.  This  connection  of  the  Cheadle  out- 
crop with  the  main  mass  to  the  east  is  of  considerable  practical 
importance  to  the  town  of  Cheadle,  for  instcjid  of  then-  water 
supply  being  obtained  from  a  catchment  area  of  only  one  square 
mile,  It  in  reality  taps  the  water  that  is  accumulated  in  the  great 
mass  of  sandstone  to  the  south-east  The  supply  will  thus  bo 
more  than  enough  for  the  town  for  many  ^'ears  to  come. 

To  the  west  ot  Cheadle  and  in  a  direct  Ime  with  the  old  valley 
just  referred  to,  another  ancient  hollow  existed  which  drained 
westward,  and  lias  likewise  been  tilled  up  with  liunlrr  Sandstone 
Its  position  is  inilimted  on  the  map  by  the  tongue  that  projects 
eastward  from  the  main  outcrop  of  that  rock.  The  coincidence 
in  direction  of  these  two  valleys  suggests  a  common  origin  for 
them.  The  southern  end  ana  sirle,  and  in  some  crises  the 
northern,  correspond  approximately  witli  a  rather  larg(i  fault  in 
the  Carboniferous  rocks,  wliereby  the  position  of  the  vail ev  was 
prol)ably  determined.  This  influence  on  the  topography  dates 
irom  a  time  anterior  to  the  deposition  of  Bunter  strata,  as  the 
mining  evidence  cleiirly  proves.  While  the  Two  Yard  Coal  lias 
been  met  with  on  the  upthrow  side  of  the  &ult  under  the  Bunter 
Sandstones,  it  does  not  exist  in  the  bottom  of  the  old  valley, 
even  although  it  has  been  thrown  down  25  yards.  Afbor 
its  dislocation  and  subsidence,  this  coal-seam  was  obviously 
eroded  out  of  the  bottom  of  the  valley  before  the  red  sandstoiio 
was  (U  positt-d.  It  lias  been  further  ascertained  that  when  a  small 
eastcrlv  of  westerly  projection  of  the  lJunter  Sandstone  is  met 
with,  it  tills  a  small  steep-sided  pre-Triassic  valley,  whether  or  not 
a  &ult  may  there  traverse  the  uarboniferoiis  rocks. 

Nearly  all  the  faults  in  the  Cheadle  cnal-fleld  are  of  pre- 
Triassic  age;  they  all  trend  either  duo  east  and  west,  or  north 
and  south.  No  such  taults  have  been  met  with  in  the  Bunter 
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fleries  in  this  area.   There  aro»  however,  a  few  fftults  in  the  red 

rocks.  Tbcy  are,  in  the  main,  pmUel  to  the  trend  of  the  steep- 
sided  old  valleys.  Tlie  absence  of  any  such  faults  in  the  Coal- 
measures,  so  fur  ns  known,  raises  the  question  an  to  wliat  extent 
these  faults  cut  tbo  ( 'arlionit'crous  rocks,  or  arc  restricted  to  the 
overlying  lied  Saiulstoiies.  Tt  seems  proljable  that  tbt;  latter 
supposition  is  rcallv  true  in  at  least  a  number  of  instances.  The 
pitting  of  the  pebbles  in  the  conglomerate  shows  that  a  great 
amount  of  comprossion  has  taken  place,  and  these  &ults  may 
represent  the  subsidence  upon  contraction  of  the  incoherent 
sands  into  the  deep  and  steep-sided  valleys.  They  may  thus 
have  been  qnito  snps-rtieinl  movements. 

Considerable  ditiiciilty  ha-s  Ix-cn  experienced  in  establishing 
satisfactory  divisions  for  the  I'l  ias  in  the  Stoke  district.  The 
Kcuperbasenient-bedsarc  not  sharply  marked  oti' from  the  under- 
lying Bunter  division  and  overlyint^  Waterstones,  and  the  latter 
<^raauate  up  into  the  Red  Marls.  It  is  doubtifiil,  indeed,  if  the 
basement-beds  are  really  represented  there.  Three  divisions  can 
be  roughly  in  ide  out.  The  lowest  constitutes  tlio  Bunter  group, 
eonsistmg  of  red  t'alse-bedded  sandstones  and  pebbly  sandstones, 
with  bands  of  si  1  ingle  at  several  brn-izrins;  the  niicldlo  includes 
even-bedded  brtnvn  and  white  sandsti  tics  passing  np  into  thin 
flagg}%  thin-bedded  sandstones  with  niari ;  the  upper  consists  of 
red  marl,  with  occasional  thin  bands  of  white  and  red  flags, 
(skerries). 

In  the  tract  round  Fulford  Mb.  Poc< x  k  has  found  the  Trias 
subdivisions  to  be  feebly  represented.  Not  only  are  the  Upper 
and  Lower  Mottled  Samlstone^;  absent  there,  but  the  Kcnper 
Sandstones,  which  form  tlio  dominant  features  of  the  landscape 
in  tin*  Cheshire  hills,  occupy  a  subordinato  position  along  tlie 
Hanks  of  the  plateau  of  Bunter  Conglomerate,  nor  is  there  any 
clear  division  between  the  basement  sandstones  and  the  Water- 
stones.  Thin  sandstones  of  the  waterstone-type  are  found 
interstratified  with  the  coarser  basement-sandstones,  and  though 
they  are  more  common  in  the  upper  part  of  this  division,  it  is 
not  practicable  to  separate  th(im  on  the  map. 

The  Kcnper  Sandstones  extend  for  alxjut  a  nulc  south  of  Ful- 
ford, I'Ut  in  the  1  lildcrstone  valley  they  are  absent  and  tlio 
Kenper  Marl  rests  directly  on  Hvmtcr  Conglomerate.  In  the 
Triassic  areas  surveyed  by  Mr.  Wedd,  between  Market  Drayton 
and  Betley,  the  same  difficulty  has  been  encountered  inaccurately 
subdividing  the  Trias.  The  broad  divisions  of  Bunter,  Keuper 
building-stones,  flaggy  waterst  ( »  u  s  and  red  marl  can  be  recognised. 
Tlie  red  marl  passes  downwards  by  a  gradual  increase  of  sandy 
material  into  flaggy  waterstones  These,  again,  in  their  lower 
part  alteni;it«j  vvitii,  and  perbaps  pa.ss  laterally  into,  soft  talse- 
Ixjdded  led  sandstones  and  bariler  coarse  white  and  bruwn 
building-stones,  which  are  oven-bedded  in  the  west  of  the  district, 
but  are  often  markedly  false-bedded  at  Blythe  Bridge  in  the  east. 
They  sometimes  contain  a  few  pebbles,  and  it  is  often  difficult  to 
separate  theiu  from  the  Bunter  group.  This  group  in  the  ground 
mapped  last  year  consists,  as  elsewhere,  ot  red  sandstone  and 
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pebble-beds,  but  it  is  uncertain  whether  these  two  types  occupy  Stoke-on- 
separate  horizoDS.   At  Morelake  Hall,  near  Alsager,  the  Bunter  JjJ^^*"*^ 
group  contains  a  considerable  quantity  of  barium-sulpliate  as  a  Dist^cts. 
cement,  and  narrow  veins  of  baryto-celestite  also  occur.    Barium  (Messrs. 
is  frequently  found  in  the  Keuper  Sandstones  of  the  western  part  5^!^^*"*^ 
of  the  district. 

At  l/in1ovwood,  near  Talkr.  a  small  trianifnlar  ])atch  lias  hwn 
rcprcst'iitt'd  as  Coiil-jHt:asurt*.s  iipon  the  published  nia^.  on  the 
down  throw  side  of  the  Red-Rock-fauU,  two  faults  henig  intro- 
duced to  account  for  its  unusual  position.  Tliis  patch,  however, 
seems  to  be  really  Keuper  Sandstone.  It  closely  resembles  the 
Keuper  Sandstone  of  Beeston  Castle  in  Cheshire,  and  that  of  Bear- 
stone,  near  Norton  in  Hales.  The  rock  seen  in  Linley  wood  passes 
up  into  red  flaggy  sandstones,  and  on  the  same  strike  m  an 
adjoining  tield  red  flai]:<^*  watei*stones  are  exposed.  Moreover, 
a  minimum  tliickness  of  some  400  feet  of  Bunter  strata  has  been 
proved  in  the  wor  kings  of  Bunkers  Hill  CoUiery  only  about  200 
or  300  yards  to  the  south-west. 


South  Wales. 

Of  the  eastern  half  of  the  broad  tract  of  Secondary  Rocks 

which  extends  from  CardiflF  to  Porthcawl  some  account  has  been 
given  in  previous  reports  of  the  work  of  the  Survey.*  The 

western  half  has  nowtioen  completed  by  Mr.  Tiddemax  and  Mr. 
Cantrtll,  under  the  sn|)i!rvision  of  Mt^.  Sihahan,  who,  from  the 
reports  supplied  by  his  colleagues  and  from  his  own  notes,  has 
supplied  tne  follo^vmg  general  statement : — 

The  dascription  of  the  Secondary  Rocks  extending  iiom  Cow- 
bridge  to  Pyle  was  held  over  last  year  until  the  examination  of  the 
whole  tract  had  been  completed.  All  the  strata  in  this  part  of  the 
region,  espedaUy  the  Rhietic,  assume  so  abnormal  an  aspect  and 
change  so  rapidly  in  litlioloorical  character  that  only  by  con- 
timious  mappmg  could  the  (mange  be  rcfiHsod  and  tlio  strati- 
grapliiral  liori/ons  l>c  identified.  Tho  oastern  |wuL  of  the  district 
was  .surveyed  by  A  Ik.  Caxtrill,  and  the  ground  from  IVfi-llin 
westwards  by  Mr.  Tiddeman.  In  company  with  these  two 
officers  a  complete  traverse  of  the  district  was  made  by 
Mr.  VVoodwabi)  and  Mr.  Stbahan  for  the  purpose  of  checking 
as  far  as  possible  the  correctness  of  the  identification  of  the 
Rhuetic  strata  in  their  abnormal  form. 

Trutssic  and  Rhrlie. — The  Triassic  conglomorato  at  Llan- 
harry  was  found  by  Mr.  Cantrill  to  lie  uneontormably  upon 
Carlioniferous  Limestone,  Millstone  Grit,  and  ( 'oal-nn'asnros.  It 
seems  to  be  of  Upper  Koupcr  age,  and  earlier  thun  the  ujiper- 
most  green  marls.  It  usually  consists  of  a  mass  of  pebbles  of 
Carboniferous  Limestone  (ranging  up  to  two  feet  in  length),  chert, 
and  grit  possibly  derived  from  the  Old  Bod  Sandstone.  Those 


♦  Annwil  Report  for  \m\  pp.  66-68:  Summary  of  Ptogrm  for  1897, 
pp.  125,  1^ ;  Id.  for  16^8,  p.  138. 
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materialB  are  embedddd  in  a  forruginous  calcareous  matrix  in 
which  iron  oocftsionalli^  so  &r  predominates  as  to  yield  an  ore 

which  has  been  extensively  worked. 
It  has  been  shown  in  previous  Reports  that  all  horizons  of  the 

Keiipor  Marl  asRiinie  a  littoral  character  in  one  place  or  another. 
At  Penarth  there  is  a  considerable  thickness  of  normal  red  marl, 
at  the  base  only  of  which  any  coiiL^lomerate  occurs,  atPendovlan 
the  up|xir  part  also  becuiiies  littoral,  while  at  Bonvilston,  Llau- 
tritlijr;d,  and  St  Hilary  the  overlying  green  marls  also  pass  into 
breccias.  At  Llandou^^h  the  lower  parts  of  the  Ttiassic  breccia  are 
red,  while  the  upper  are  yellow  and  evidently  helone  to  the  time 
of  the  i^veen  marls.  In  spite  of  these  repeated  evidences  of  the 
neighbourliood  of  a  shortvlinc,  the  Kenpcr  Marls  on  the  whole 
preserve  their  ty])ieal  aspect  as  far  west  as  they  extend.  Tlio 
green  marls  are  well  shown  in  a  clay-pit  near  Pencoed,  three 
miles  north-east  of  Bridgeiul,  behind  the  Old  I'yie  inn,  and  to 
the  south  and  south-west  of  Pyle  Station.  In  these  sections  they 
present  no  essential  difference  from  the  green  marls  of  the 
renarth  region,  though  the  Rluetic  strata  above  them  have 
assumed  a  totally  new  aspect. 


KHJiTiu  Beds. 

South  Wales.  reniarkiihle  change  which  att'ects  the  Khiulic  strata  between 

(Messrs.  Cowbridge  and  Pyle  consists  in  the  replacement  of  shales  by 
aiid  c&iftAiJ )  and  coarse  grits,  together  with  some  increase  in  thick- 

ness.  ^  The  thin  group  of  soft  shales  and  thin  limestones  which 
constitutes  the  formation  at  Penarth  passes  gradually  into  a 
massive  rock  wliich  occasionally  produces  a  moorland  scenery 
rivalling  that  of  the  Millstonu  ({i-it.  The  change  sets  in  near 
Cowbridge,  but  it  is  more  fully  developed  nciir  Bridgend  and 
Pyle  in  the  area  surveyed  b}'  Mu.  Tiddeman.  Its  first 
appearance  in  the  ne^hbourhood  of  Cowbridge  is  thus  described 
by  Mr.  Cantbill: — 

The  lithological  type  as  presented  by  the  Rhastic  rocks  at 
Penarth  persists  for  some  ten  miles  westwards.  At  several 
points,  even  wliere  they  overlap  the  Keuper  and  rest  directly 
u\xm  the  (^arhoniferoiis  Limestone,  the  bbick  ilvicjt/a-shales  and 
the  White  Lias  ^)i(  si  rv(;  their  normal  asjxjct,  and  manifest  none 
of  the  signs  of  littoral  deposition  which  usually  ohariicteriM)  the 
Keuper  under  such  conoitions.  Thus  a  roadside  section  near 
Bonvilston  shows  clays  and  thin  Peeien-limeaUimB  resting 
din^dly  on  the  Limt  stone. 

Two  railwav-iaittiugs  near  St.  Mary  Church  Koad  Station 
reveal  a  few  teet  of  the  upper  Hba'tie  strata  under  the  O.s/mf- 
heds  of  the  Lias  One  bed.  which  is  expost  il  for  eight  feet, 
is  oohtie.  ail  unusual  feature  iii  iJlia  fir,  linHslenr.  and  one  not 

Jneviously  observed.  In  theeultini^  south  of  Cowhridgu  Station, 
inieKtonrs  of  Ulueti«-  age,  but  not  richly  fossil iferuus,  with,  a  few 
iwhcs  of  brt<<)i;ia,  probably  of  Kettuor  age,  rest  un<K>nfonnably 
upon  Carboniferous  Limestone.    Tney  are  overlam.  by  a  very 
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hard  Linssic  limestone,  conUiiuinEf  bands  of  tlicsliclly  rock  known  Kouth  Wales. ' 
as  Sutton  Stone,  which  seems  to  be  a  moditied  representative  of  l^!?^'^- 
the  Os^rea-beds.  andCanfcrill.) 

At  Tregyff,  near  Llantrithyd,  the  sandy  type  of  Rhsetic  tirst 
appears.  The  Avicukc  contaii>t  scries  is  there  represented  by 
blue  sandy  marls  with  Fecten-imw^itonti  and  a  conglomerate 
containing  pebbles  of  Carboniferous  Limestone  and  chert,  over- 
lying sandstone  with  casts  of  Oa/rdium  and  AvictUa  c<nitorta. 
SimUar  sandstones  prevail  north  of  Tre^yff  and  are  associated 
with  bands  of  limestone  composed  of  shell-fraginents  and 
resembling  the  Sutton  Stone  variety  of  the  Lias.  The  propor- 
tion of  sandy  mat^jrial  increases  nortliwards  towards  the  (!ar- 
boniferous  i^^ronnd,  and  tlie  Rluetie  sandstones  have  boon  quarried 
near  Cowbridgo,  at  St.  Hilary,  and  at  Llandough. 

At  Pencoed,  from  which  point  westwards  this  aecoimt  is 
founded  mainly  on  notes  by  Mr.  Tiddeman,  the  Khietic  sand- 
slcjnes  are  let  down  l>etween  two  faults.  They  are  extensively 
worked  for  building,  and  have  been  used  for  silica  lircbricks. 
The  rock  is  a  lather  nne  freestone,  white  but  with  bands  of  a  light 
greenish  hue.  PuUa$tra  arenicola  and  scales  of  Gyrolepis 
Alherti  have  been  collected  from  this  sandstona  The  presence 
of  these  fossils  taken  in  connection  with  their  superposition  upon 
the  nppennost  ^"reen  Keuper  Marls  exposed  in  cliaraeteristie  form 
close  oy,  as  mentioned  above,  proves  that  the  rocks  belong  to 
the  Ai'lruln.  contoria  zone. 

Near  the  top  of  the  hi11  <»f  Coed  Mw.stwi-  there  is  a  small 
faulted  outlier  of  this  siuul  i  ne,  to^'ether  with  yellow  and  green 
limestone-conglomerate  which  may  represent  the  green  marls 
under  shore-conditions. 

In  approaching  St.  Mary  Hill  from  Coychurch  we  pass  over 
in  descending  order  the  Os^ /ra-beds  of  the  Lower  Lias,  some 
compact  limestone,  which  no  doubt  represents  the  Gotham  Stone, 
some  green  marls  with  what  appears  to  be  an  interbedded  red 
marl,  Rhsetic  sandstone,  a  space  probably  marking  the  outcrop  of 
the  Kcnpcr  p^een  marls,  and  Keuper  conglomerate.  The  sand- 
stone at  the  brow  of  the  hill  has  \Helded  to  Mr.  Tiddem.w 
obscure  easts  of  mollusca  and  scales  of  GyroUqyis  Alherti. 
St.  Mary  Hill  Down,  which  is  covered  with  huge  blocks  of  Rhiutic 
sandstone,  is  formed  by  a  compound  anticline,  much  broken  by 
8trike-&ult8.  Towards  the  south,  where  the  sandstone  dips 
away  to  the  lower  ground,  the  edge  of  the  moor  is  followed  by 
a  depression,  probably  marking  the  outcrop  of  the  upper  jmrt  of 
the  Khajtic  group,  and  this  by  an  escarpment  of  the  0>*/7r*<-beds 
of  the  Lias.  These  beds,  however,  are  not  quite  of  their  usual 
type,  and  close  by  pass  into  a  beach  of  shore-deposits. 

In  Coity  a  road-section  west  of  the  Castle  exposes  alternations 
of  these  sandstones  and  shales  with  gi'eenish  colouring  and  a 
little  red  mottling.  The  strata  at  first  sif]fht  nnieh  resemble 
Keuper,  but  yield  Mtxiiola  v}h}inn>  in  ahundance,  a  fossil  which 
is  plentiful  in  the  upper  part  of  the  Kha;tic  group. 
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South  Wales.  t^^6  well-kno^vn  (^uarella  niiarries,  where?  a  white  and  pale- 
(Mr.  Tidde-  green  huiklin^-8tonu  is  obuiinca,  Mr.  Tiddeman  Iias  noted  tlie 
"**"*^         following  section : — 

Ft  in. 

P)lue  limt'Stoiic,  with  Ostrea  li'iaHra      -       -      0  2 
(Jlayey  iiineatone,  repreaeuting  the  (Jothaui 

Stone,  variable. 
Grey  aii«1  gi-cen  clay,  with  variable  calcafeooa 

I  lands.    LivKt  hj).     -----      2  6 
.White  and  pale-green  sandstone,  seen  to        -     35  0 

The  sa,me  rock  wim  formerly  quarried  near  the  Angel  town 
Asylum,  and  Bluetio  fossils  may  be  obtained  in  the  quarry 
rubWrii.  '  ^  ^ 

The  railway-section  at  Cwrt  Coleman,  which  was  described  in 
detail  by  ^Tii.  Tawnkv  in  18G5,*  is  now  partly  obscuved,  but 
some  of  tlie  beds,  to  which  he  refers  as  eontaming  fish-remains  on 
the  south  side,  ran  now  be  seen  on  the  north  side  of  the  line. 
A  field-road  south  ot"  Melin  Cwcw  shows  a  suceossion  dittbrini^ 
somewhat  from  that  in  the  railway.  We  hero  obtaui  in 
.descending  order : — 

nine  limestone  with  Ostren  liassicaf  Plevromya  crounnnheitt^ 
and  a  coraL  * 

fUuff  ninrl^tono,  weathering  white,  probably  repreBenting  the 
Cotliam  JStone. 
Green  marln  with  a  band  of  red  marl^  doeely  reBOmbting  Reaper 
Marl. 
Calcareous  sandstone,  several  feet  thick. 
Tough  tufaceous  limestone. 

The  strata  exposed  in  the  railway-cutting  on  the  north  side  of 
the  line  evidently  rise  from  below  these,  and  thamselves  rest 
upon  the  thick  Rhsetic  sandstone  which  forms  the  crest  of  the 
hiU  of  Cwrt  Coleman.  The  road- section  therefore  confirms  the 
observation  made  in  Coity  that  there  is  red  and  green  marl 
associated  witli  tlie  upper  part  of  the  Ehajtic  jj^rou]"). 

Hiirlicr  up  lliu  valley  some  old  pits  show  bhiek  shales  re.sting 
on  green  limestouii  and  white  marly  limestone.  The  <^reen  lime- 
stone is  full  ol"  shells,  which  however  winnot  be  broken  out,  but 
thero  is  little  doubt  that  the  strata  belong  to  the  upjxsr  part  of 
the  Ehsetic  series. 

The  *'  Pyle  Inn "  quarry,  which  has  been  ojx;ned  of  late  years 
to  get  stone  for  railway-viaducts,  &c.,  gives  the  following 
sections : — 

Ft  in. 

Sandstone  with  Naiiea  jjylenstSf  Cylindrit^ 

onH  fnrmi$^  Mpopkona         -      -      -      -     12  0 

Ochi-cous  bed  04 

Fine  sand  13 

Green  and  grey  clay   -      -      -      -      -      -      5  6 

Calcareous  nodular  bed,  iloiodiw  mm«miM       -     0  3 

Shalea  13 

CalcareoHA  nodular  bed,  with  fiflh-remains  -      -      0  3 

Shales-   -      1  8 

Fine  whiti.sh  sandstone,  with  plants  and  at  toj» 
a  seain  of  (quartz  pebbles,  with  remains 
of  i/j/6ofAM  and  Jc»wu*,  seen  to-     -     -    13  0 


*  QttaH,  Journ,  Geol.  iSoc^  voL  xxii,  p.  70. 
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The  slopes  b*^1nw  expose  characteristic  Keupcr  green  marls.  South  Wales, 
The  Emetic  saudsloue  has  also  beeii  niueh  quarried  west  of  t^^*"* 
Pyle  Church,  the  outcrop  being  followed  for  a  considerable  dis- 
tance.  Near  the  entrance  to  the  quarries  a  white  sandstone  is  seen 
with  casts  id  PuUaMra  (vre^neoki  near  its  base.  Above  it  was  a 
band  of  green  and  red  marl  of  typiciil  Keuper  aspect.  Further  on 
in  the  quarry  the  sjuulstone,  where  it  lia.s  been  more  lately  worked, 
shows  nrifrht  green  marly  partin<ifs  with  ripplemarks,  and  yields 
An/.itiiut  prcecvrmr,  My<*}mor  'ui,  Aximm  clfxicrnn,  while  JSidlca 
has  been  obtained  from  the  quarry-rubbish.  The  occurrence  of 
the  red  and  green  marls  next  above  this  sandstone  suggests  that 
that  rock  lies  h%h  in  the  Rhsetic  group,  and  probably  corresponds 
to  the  upper  of  the  two  sandstones  in  the  "  Pyle  Inn"  quarry, 
which  also  yielded  Nat  ica,  etc. 

Of  the  many  scattered  openings  on  Stormy  Down  the  greiiter 
number  have  been  made  in  search  of  sand  for  silica-bricks.  One 
of  these,  lying  south-west  of  the  works,  .shows  about  20  feet 
of  massive  sandstone,  much  like  a  (  arhoniferous  sandstone,  but 
resting  on  and  containing  thin  seams  of  green  clay.  A  little 
further  west  a  swaUow-hofe  shows  that  below  it  hes  a  lunestone 
devoid  of  organisms  and  apparently  of  chemical  origin,  which  is 
probably  Keuper.  The  sandstone  is  thought  by  Mr.  Tiddeman 
to  represent  the  lower  sandstone  of  the  "Pyle  Inn'*  quany. 
Further  east,  sandstones  with  green  and  yellow  clays  are 
exposed  in  a  long  line  of  excavations.  They  are  occasionally 
green  and  ripple-marked,  and  yield  casts  of  Avicula  cnvtorfa. 
These  probably  represent  the  upper  sinidstone  of  "  Pyle  lim " 
quany. 

The  **  little  Cement  Quarry  "  on  the  edge  of  the  Down,  south- 
south-east  of  the  Stormy  works,  shows  a  bed  of  shelly  white 
limestone,  resembling  those  seen  in  the  old  Khsetic  pits  west  of 

Cwrt  (  oleman.  From  the  material  thrown  out  in  deepening  a 
spring  close  by,  Mr.  Tii>])Emax  ol)tained  Natica  pyletwist 
MyopJiorui  sp.,  and  CylhuJ ritf8  or  'tformis. 

The  thick  Rhajtic  sandstones  form  an  escarpment  of  coarse 
white  and  yellow  conglomerate  near  the  top  oi  Stormy  Down. 
On  some  oi  the  big  blooks  casts  of  lamellibranchs  may  be  seen, 
but  in  other  respects  the  stone  might  be  taken  for  Millstone 
Grit  Such  blocks  are  scattered  all  across  the  Down,  and  it  was 
in  one  of  those  that  the  jaw  of  Zandodon  cambrensif^  was 
discovered.*  It  can  now  be  stated  witli  conhdence  that  tlie 
ZancMon  occurred  in  true  Hhietic  strata  of  the  zone  of 
Aviculu  contorta. 

In  reference  to  the  sections  above  described,  Mr.  Tiddeman 
remarks  that  two  poiats  will  strike  anyone  familiar  with  the 
typical  aspects  of  Rhtetic  rocks  in  this  country.  One  is  the  great 
preponderance  of  sandstone,  the  otlior  is  the  occurrence  of  red  oeds 
above  the  sandstones,  a  colour  which  it  is  usual  to  associate  with 
the  Keuper  Marl.  From  the  abundance  of  sandstone  he  infei*s 
that  the  sediment  was  derived  irom  a  near  source,  probably  the 

*  Summary  of  Progresn  for  1898,  pw  102.  See  also  E.  T.  Newton,  Quart, 
Jmurn,  0*oL  Soc^  toL  liv.»  p.  646. 
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Soil  til  Wales,  saiidstoncs  of  tho  Carl>onifcrons  or  oven  of  th(^  Old  Ked  Sand- 
(Mr.  TidJe-  stone,  while  the  remains  of  plants  in  tlu  ni,  and  <»f  land-reptiles 
sn(;h  as  the  Zamitnlon,  to  whicli  wc  may  perhaps  add  ganoid 
fishes,  all  point  to  an  estuarine  origin.  Ihe  red  beds  suggest  a 
land-locked  area  in  which  copious  evaporation  and  chemical 
precipitation  could  go  on.  The  silting  up  of  an  estuary  might 
furnish  some  of  the  conditions  necessary  for  the  deposition  of 
straUi  "f  this  nature.  The  evidence  shows  that  in  the  area 
arormd  Bridgend  iu  Glamoi^anshire,  the  Rhietic  beds  are 
intimately  linked  with  the  Konper  Afarls.  They  exhibit,  in 
fact,  a  local  recurrence  of  the  sedimcnlary  coucQtious  which 
attended  the  deposition  of  the  Keuper  Marls. 

Mr.  Tiddeman  believes  further  tnat  it  is  not  altogether  impos- 
sible to  recoenise  some  of  the  limits  ot  such  an  estuary  as 
that  in  whicli  these  deposits  may  have  been  laid  down.  One 
Mrly  defined  shore  may  be  recessed  at  St.  Mary  Hill  Dowa 
Tt  is  generally,  though  not  invariably,  the  case  that  where  the 
n])per  Kluetic  beds  have  been  deposited,  a  normal  sncc^'ssion  can 
\h;  tracfd  up  into  the  Lias,  but  that  where  the  Litus  is  conglomeratic 
no  R luetic  strata  lie  below.  The  presence  of  conglomerates 
in  the  Lias  thus  furnishes  a  clue  to  tho  original  Umits  of  the 
Rluetic  area.  Another  point  on  the  south  side  of  the  estuary  can 
be  fixed  between  T}  thegston  and  Merthyr  Mawr,  where  the  Lias 
overlaps  the  Rlueti'c  formation,  and  rests  as  a  shore-<leposit  upon 
Carbonii'erous  Limestone.  Tlie  northern  shore  of  the  estuary 
is  obscured  by  faulting,  but  tlie  hiirh  irronnd  of  the  Coal-field 
must  cerlninly  have  formed  :ni  extreme  limit  in  that  direction. 
Near  the  .southern  side  «>t'  the  supposed  estuary  Mr.  Tiddkma.v 
notes  that  shell-banks,  cidcareous  tufas,  and  sandstones  per- 
meated by  carbonate  of  lime  occur  at  points  which  are  almost 
certainly  near  what  were  Chores  of  C&rboniferous  Limestone. 
•  Coarse  grits  and  sandstones  containing  quartz- pebbles  prevail  in 
the  Rhaetic  series,  near  where  the  Millstone  Grit  no  doubt  forms 
the  underlying  iH>ck. 

Isle  of  Skyo. 

In  tho  Anntud  Report  of  the  Chdofjiml  Swnvey  for  the  year 
1896  some  particulars  were  given  of  tlie  Passage-lxids,  which 
occur  between  the  Lower  Lias  and  the  New  Red  rocLs  in  Skye 
and  Ilajisiiv  In  Skye  the  strata,  whirh  comprise  some  six  or 
eight  feet  of  calraruoiis  sandstones,  limestones,  and  micaceous 
shales,  are  exposed  in  sil  nations  rather  ditlicnlt  of  access,  in  tho 
l>anks  of  Allta'  Mhuilinn,  .south-west  of  Broadtord  Free  Chm*ch, 
at  tho  cascade  of  Allt  an  Daraich,  on  the  eastern  side  of 
Heast,  and  on  the  foreshore  at  Lusa  (Lussay).  These  Pas- 
sage-beds have  been  regarded  by  Mb.  H.  B.  Woodward  as 
the  onl^-  portion  of  the  Secondary  series  of  this  region  likely 
to  be  ot  luia'tic  age,  but  he  failed  to  find  any  recocrnizable  fossil^ 
in  them  in  Skye  and  Kaji.Siiy,  or  nt  Applecros.s.  in  Hos.s-shire, 
where  similar  strata  occur.    Last  sunmier  Mes.sk.s.  A.  Maccoxo- 
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CHIE  and  David  Tait  were  instructed  to  make  a  diligent  search 
for  fossils  at  the  ahove-mentioned  localities  in  Skve,  and  they 

were  rowarded  by  the  discovery  of  a  number  of  fossils,  winch 
have  been  submitted  to  Miu  E.  T.  Newtok  and  Dr.  F.  L,. 

KiTCHlN. 

At  Ob  Lusa,  about  eight  feet  benonth  the  famous  coral-bed, 
wbieh  rests  on  a  band  of  O.s/;r(/-linie.slone  (Lower  Lias),  there 
were  obtained  Plcunnti  ija  i  XeriUc  ?  and  Cerifhium  cf.  semele, 
d'Orb.  At  Heast  there  were  found  some  doubtful  plant  remains, 
together  with  Ostrea,  Mytilus,  and  a  iish-scale.  At  AUt  a' 
Mnuilinn  a  nunil  )er  of  T^amelHbranchs  were  found,  some  of  which 
closely  resemble  the  Khietic  form  Myacites  EBdkeriy  figured  by 
Dumortier.* 

Th(»  fossils  are  ]")oorlv  })rosorvi'd  ;nul  crnshod.  so  th;it  thoy 
cannot  be  ssitiHtaclorily  delc'iuiinud.  hi  iho  opinion  ut'  both  Mr. 
Newton  and  Dr.  Kitchin  all  the  forms  arc  such  as  might  be 
expected  to  occur  in  the  Rhietic  Beds,  and  Mr.  Woodward,  who 
has  collected  from  the  Rhsetic  Beds  in  many  localities,  is  of  the 
same  opinion. 


The  most  important  obsersation  recently  mado  by  the 
Goolo>^ioal  Survey  in  Scotland  is  the  discovery  of  fo.s&ils  of 
Rhajlic  age  in  a  streamlet  about  a  quarter  of  a  mile  to  the 
north-east  of  Derenenach,  above  the  String  Road»  five  miles  to 
the  south-west  of  Brodick  in  the  Island  of  A  rran.  The  rocks  there 
h;i  \  <  l>een  mapped  by  Mr,  Gunn,  who  found  them  to  be  consider- 
ably disturbuu.  Tt  was  at  first  thought  that  they  might  belong  to 
some  part  of  the  Old  Red  Sandstenio.  Rut  eventually  Mr. 
MAcroNOCHiE  found  in  them  a  series  of  fossils  which  left  no 
doubt  that  some  of  them  are  Rhietic.  The  sjxMjimous  were  first  sub- 
mitted to  Mr.  Peach,  who  recognised  such  characteristic  forms  as 
Avicida  eoiUorta,  Peeten  valonieiwia,  and  Gardiwm  rhcBticum. 
They  were  subsequenily  placed  in  the  hands  of  Mr.  E.  T. 
Newtoi^,  who  has  supplied  the  following  note  regarding  them : — 

Avienda  eofUorta,  Portl.  Several  Hi>ecinienH  clearly  releiable  to  this 
rnodoi  leave  no  doubt  as  to  the  beds  from  which  they  came  being  of 


Pectin  xHilonkmix,  Defr.  Two  or  three  fairly  yood  Hpeciiuens  agree  with 
the  shollH  from  Rhjctic  l>edH,  which  have  been  called  P.  vcUonietms. 

Sr!ii:'Hlii9  (A.riiiii.'i)  rhxiri iiuf;,  Qucnst.  Ono  or  two  examples*  of  ahells 
with  a  aharp  p(^terior  keel  are  believed  to  be  thi^  species. 


♦  Etudes  Pal.  sur  Ics  df'pot$  Juras«i^ues  du  Bassiu  du  Rhon*^  18&4, 
Plato  1  ,  ligs.  5  and  6. 

+  TIk  li-f^overy  of  the  fos>^ils  was  made  after  this  Sumfwin/  of  Progrett 
had  been  ^eut  to  the  printer.  Subsequently  as  these  page.s  were  passing 
through  the  pre.Hs,  Mr.  Peach  and  Mr.  Qonn  ascertained  that  the  strata 
contaming  the  TUiaetic  fosnils  arc  not  in  s^iiu,  ]»ut  are  enclrKsed  in  a  coarse 
conglomerate  tliut  fills  n  volcanic  vent,  prolxibly  of  Tertiary  age.  The  same 
observers  also  found  masses  of  limestone  contain ii)g  Lias  fas-nil^  and  frag- 
ments of  chert  containing  Foramim/mi  which  may  possibly  be  Orotaceoua 


Isle  of  Arran«t 
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1  'roU^d rdium  jthih'/tftianum  ?  I  )un  kvr  {  =  P.  rfufttrUM).  There  MB  two 
or  three  si)ccimcnH  which  an>.  in  all  )>i\>l>alMU^  P.  pkii^ipiamtmy  but  iKme 

arc  HO  ix'i  ft  ( t  .iM  to  make  tlieir  i'lt  ntity  certnin. 

Mmlioin  imiuuui?    Sow.  (  (JoUlf.).    Aapeciinen  alKmt  J  in. 

long  iH  referred  to  this  sjM^-ioH  with  Home  doubt. 

Eifthirin  M JoMf.    An  iTniK  ifcctly  preserved  impretjsion  of  an 

oval  shell  may  iit'ihai*s  In;  this  form,  i>iit  it  is  very  uncertain. 

(Ji/iutlef>k  Aiherti  f  Ag.  A  broken  fisJi  t*cale  showing  a  few  ridges  may 
be  provi»ionaliy  referred  to  thtft  apecieA. 

The  liLholo<^ical  churucters  of  the  strata  containing  the  Rhaitic 
fosfflls  resemble  those  which  are  so  persistent  at  the  top  of  the 
Triassic  system  all  through  Englana  and  Wales.  The  zed  marls 
recall  the  well-kno^vn  marls  of  uie  Keuper  g^roup ;  the  grey  marls 

seem  to  conio  in  hero  as  they  do  in  South  Wales,  uumediately 
below  tilt-  lossilifrrnus  hhwk  sliales;  nnd  the  latter  again,  thongn 
somewliat  liardt'iietl,  closely  coiTes]><>ii(i  with  the  et[iiivalent  strata 
in  the  same  region.  Frairments  of  deoayefl  limestone  which 
occur  in  the  a<jglomeraio  Imve  yiekled  what  appear  to  be  Lower 
Idas  forms.  Tney  are  not  well  preserved,  but  Mr.  Newton 
believes  that  tiny  prohably  include  such  characteristic  forms 
as  Ammcnntes  anytdatm  {?),  Ccrlthivm  »c)acU  {?),  Gryphea 
a rriKita (/),  Pitntacriv  us  bas'ilt if(>rmw(^)t and  DUrwpa  globiceps. 

The  importMnce  of  this  fresli  (liscovcrv  in  Arran  is  at  least 
twofohl.  Tn  the  first  place  it  proliably  gives  a  detinite  strati- 
^aphif  111  horizon  lor  ilie  red  roekii  of  the  southern  half  of  the 
islantl,  suggesting,  if  it  does  not  absolutely  prove,  ihal  these 
strata,  in  at  least  their  upjper  portions,  belong  to  the  Keuper 
group,  and  are  probably  all  ot  Triassic  age.  In  we  second  place, 
the  intrusive  igneous  rocks  which  disrupt  these  strata,  and  which 
form  only  a  part  of  the  great  system  of  bosses  and  sills  in  the 
southern  halt  of  Arran,  are  now  proved  to  be  nost-Liassic,  or  even 
post-Cretaceous,  if  the  cherts  should  evcnhi.dly  prove  to  contain 
Uretaceous  Frntimifufera.  Thus  a  further  mterest.ing  and 
valuable  piece  of  evidence  is  obtained  to  prove  the  comparatively 
late  date  of  the  younger  igneous  rocks  of  Arran. 


JURASSIC. 

Leicestershke  and  Rutland. 

Haiiaton  and  Th®  Only  tract  of  Jturassic  rocks  which  has  come  within  the 
Burrow  on-  range  of  the  field-work  of  the  Survey  during  1899  lies  to  the  east 
I.Nir' fIIx  Leicester,  on  the  borders  of  Leieosteialrirc  and  Rut- 

stningwayB).  ^^^^  where  Mb.  F(^x  Stuaxcuvays  has  pushed  the  mapping  east- 
wnrd.  so  ns  to  complete  Sheet  156(new  series  of  theone-mch  map). 
Tlie  district  which  he  has  so  far  eoni])leted  lies  bet  ween  I>nrrow- 
on-tlie-Hill  and  Hnllaton.  It  consists  mainlv  of  Upper  and  Middle 
Lias,  with  here  and  there  thin  coverings  of  Drift,  which  in  a  few 
places  attain  considerable  importance.  ThLs  part  of  the  country 
was  ori^ually  surveyed  by  Processor  Judd,  out  its  revision  on 
the  six-mch  scale  allows  considerably  more  detail  to  be  put  on 
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Liie  maps,  and  shows  lliat  tho  boundaries  that  have  been  drawn  on  Halhiton  and 
Sheet  64  (old  aeries)  are  merely  approximate.  The  chief  altera- 
tions  to  the  published  map,  so  far  as  the  revision  has  advanced,  (\ir.  pox 
appeartobeatSkeffington  and  Noselcy.  where  the  Middle  Lin  s  has  Stmngwaya.) 
been  found  to  extend  much  further  than  was  supposed.  In  the 
first  case,  tho  Middle  Lias  prohnbly  stretches  alon^  all  the  hij^h 
ground  from  Tugby  to  Skeliington,  as  strata  of"  this  n^e  have 
})wn  found  at  tlio  latter  village.  It  is  not  seen  in  the  inter- 
mediate area  owing  to  tho  thick  covering  of  Drift.  On  tho 
western  side  of  the  la^e  vallej  between  Gr^idhy  and  Nosoloy  an 
extensive  outlier  of  lluddle  Lias  was  entirel}^  overlooked  in  tho 
former  surv  ey.  This  mass  probahly  reaches  from  Noselcy  to  the 
west  side  of  ill st  on,  and  thence  north  to  the  fault  at  Billesdon,  but 
its  component  strata  are  only  seen  at  Rollcst(  >ii  and  Tllston,  tho  rvsl 
of  the  ground  ht'inL"  thickly  covered  witli  hril'l.  This  western 
extension  of  the  .Middle  Lias  soiiiuwhal  inodilics  the  nublished 
view  as  to  the  size  of  the  Billesdon  Fault,*  whi(!h  is  prolmblv  not 
nearly  as  large  as  was  supposed.  Although  there  seems  to  be  an 
east  and  west  fault  there,  it  is  probably  not  of  any  great  magni- 
tude. The  outcrop  of  the  Middle  Lias  south  of  Goadby  is  also 
incorrectly  shown  on  Sheet  G4,  the  Drift  not  being  nearly  so 
thiek  as  the  map  would  lead  one  to  suppose. 

The  principal  topographical  fcalnr<j  tnat  attracts  notice  in  this 
district  is  the  striknig  Uioular  forms  assumed  by  the  Middle  Lias 
and  Inferior  Oolite  over  all  the  count  ry  from  Sonu  rby  Lo  Billesdon. 
Further  south  the  Middle  Lias  becomes  much  thinner,  and  except 
at  Goadby»  it  is  onlf  obscurely  seen  peeping  out  here  and  there 
from  beneath  the  Drift 


Hampshire,  Wiltshire,  and  Dereet 

In  the  counties  of  Hants  Wilts,  and  Dorset  a  small  (_h*etaceous 
area  has  been  examined  hy  Messrs.  Reid  and  UixoK,  but  the 
whole  of  the  Chalk  within  it  belongs  to  the  Upper  division,  and 
is  similar  to  that  found  in  the  surrounding  country.  Though 
much  of  the  upper  part  of  Uie  Chalk  is  missii^  in  the  Cranbome 
district,  represented  on  Map  314,  there  is  no  clear  evidence  of 
irr^fular  lolding  or  tilting  before  the  de|)osition  of  tho  Eocene 
strata.  In  the  absence  of  marked  beds  it  is  difHcult,  however,  to 
speak  with  confidence  on  this  point,  especially  as  the  junction  of 
the  Chalk  and  Tertiary  tbrmations  is  usually  much  "  piped  "  as 
well  as  eroded. 


which  embraces  the  district  between  Petworth  and  Oiiichoster, 
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MjdhnrMt  tho  Diftpping  uf  the  Cretaceous  rocks  was  assigned  to  Mr. 
(.Nir  G  NV  Lahpluoh,  who,  during  the  summer  and  autumn,  carried 
Lampiugh.)  forward  tho  revision  from  the  margin  of  the  ground  previously 
mapped  by  Mr.  Hawkins,  two  miles  west  of  Midhurst,  east- 
ward to  the  transverse  valley  of  the  A  run  at  Pulborough.  The 
strata  aboY(?  the  Upper  Greensand  had  already  been  surveyed 
by  Mr.  Clem  km  1{ kid,  so  that  the  work  consisted  in  tracing  on 
the  six-inch  Map  the  oiiterops  of  tho  various  divisions  ot  the 
Lower  Greensand,  Gault  anti  Upper  Greensand,  together  with 
the  superficial  deposits  by  which  they  are  in  places  OTerlatn. 

According  to  the  classiticAtion  of  the  original  Survey  Map, 
the  uppcnnost  portion  of  tlio  clayey  deposits  which  occur 
immediately  beneath  the  Lower  Greensand  escarpment  is 
suppos(»d  to  represent  the  Athertiel<l  ('hy,  thou^n  definite 
evuiencc  on  this  ])oint  is  rarely  forthcoiuin^'.  A  few  marine 
fossils  were,  however,  tound  long  ago  in  nodules  from  this  clay 
at  the  brickyard  at>  Harwood's  Green,  near  Pulborough,  which 
serve  to  difterentiate  it  at  this  locali^  from  the  underlying 
Weald  Clay  of  fresh- water  origin ;  and  Mr.  Lampluoh  obtamea 
some  specimens  from  this  place. 

Tliere  arc  occasional  indications  that  the  clay  becomes  inter- 
stratiHed  with  silt  and  tine  sand  towards  its  junction  with  the 
overlying  Hythe  Beils,  and  thnt  in  passing  southward  the  base 
of  the  latter  strata  mayconUiin  an  in(?roasing  proportion  of  clay. 

The  broader  grounds  for  the  classihcation  of  the  Lower 
Greensand  into  the  supposed  equivalents  of  the  Hythe  Beds, 
Sandgate  Beds,  and  Folkestone  Beds  of  East  Kent,  are  readily 
erasped  in  this  part  of  West  Sussex,  though  the  exact 
boundaries  of  the  sub-divisions  are  usually  more  or  less  vagiie, 
seeing  that  they  rest  entirelv  upon  litholngical  differences  which 
are  subject  to  much  local^variation.  The  Hythe  Beds  are  character- 
ized, as  in  J^ent,  by  irregular  calcareous  stone-lmnds  among 
hall-indurated  loamy  glauconitic  Sfind,  with  the  lociil  develop- 
ment of  impersistent  layers  or  concretions  of  chert  The 
calcareous  sandstone  has  been  much  used  for  building,  and  the 
chert  is  extensively  dug  for  road-mending. 

The  Sandgate  Beds  are  variable  in  composition,  but  contain 
more  dav  and  silt  than  the  undorlvinij  nnd  overlvincr  divisions. 
In  the  wx^stern  part  of  the  district  a  tliick  1)0(1  of  sand,  nmir  the 
base  of  this  series,  is  i>artly  composeil  of  smooth  polished  grains 
of  brown  iron-ore.  It  has  been  suggested  that  tnis  ferruginous 
sand  might  be  of  some  economic  value,  but  the  average  per- 
centage of  iron  (23)  is  probably  too  low  to  bear  the  cost  of  carriaga 
The  iron-sand  disappears  rather  suddenly  at  a  short  distance 
to  the  eastward  of  Selham.  Tho  Sandgate  Beds  are  for  the 
most  part  destitute  of  fossils.  l)ut  'Mn.  Lamplitui  found  a  richly 
fnssiliterous  band,  ('onsistiii>r  of  ironstone  crowded  with  tlie  ax^ts 
of  marine  shells,  at  the  top  of  the  iron-sand,  in  two  appiirently 
now  localities  near  Midhurst  (Jime  Lane,  antl  the  river  oank  due 
south  of  Cowdray  Huins).  In  the  stream-bed  east  of  Amberaham 
Common,  tho  same  observer  collected  from  a  thin  band  of  sand- 
stone some  plant  remains,  including  traces  of  WHchselia, 
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The  FolkeBtone  Beds  consist  of  sharp  sand,  strongly  current-  Miahnrst 
bedded,  with  m>nstone  oonoretions  and  thin  partings  of  pip^~  ai''j!'^u\y 

clay.    Excepting  the  cast  of  a  fragment  of  wood  with  teredo-  Lampiugh.) 

like  borings,  no  org^mic  remains  were  fotmd  in  these  sands.  At 

the  top  of  this  division,  immediately  below  the  Gault,  the  sand 

is  indurated  into  a  hard  un'it-liand,  from  t  wo  to  four  inches  thiek, 

of  a  deep  red  colour,  which  is  persistent  throughout  the  area 

examined. 

The  Gault  and  Upper  Greensand  maintain  the  same  character  as 
in  the  countzy  fiirtner  westward,  and  require  no  especial  comment 
here.  A  few  fragments  of  Ammonites,  apparently  A.  int&r-^ 
rwpim,  wete  collected  in  a  brickyard  in  the  Gault  at  Pitsbain, 

near  Midhurst,  and  the  same  species  was  also  found  in  a  new 
brickyard  nt  Tlardham.  Both  sections  would  probably  }'icld 
better  specimens  if  examined  during  the  excavation  of  fresh 

clay. 

Among  the  fossils  collected  by  Mil.  Lamplugh  during  last 
season's  work  the  following  have  been  named  in  the  Fu»on- 
tological  Department  of  the  Survey  by  Mb.  E.  T.  Nbwton  and 
Dr.  F.  L.  KrrcHiN : — 

Juki  Lami^  MroHmsr,  Snssn.  (Sandy  Ironstone ;  Sandgate  Beds.) 

Cardium  I 

Corbula  striatola  I  Sow. 
Cytheraea  ? 

Nuculana  scaphiL  d'Orh. 

Tellina  (LineariaX  cf.  ooncentrica,  d'Orb. 

Actoeon  sp. 

Aporrhais  sp. 

Trochtuf 

COWDEAT  RmNS  <RlTBR  BaNK  DOS  SoUTH  OF). 

(8aQ<^  Ironstone  j  Sandgate  Beds.) 

Cucullaea  sp. 
Exogyra  sinuata  f  Sow. 
Nuciuaiia  sp. 

Trigonia  sp,  (of  the  group  **  Scabra 

Acta^on  sp. 
Cerithium  1 
Troclitu  sp. 

Stbsam-bsd  South-East  side  of  Ambebsuam  Common,  Yards 
Nobth-East  of  Hotls  Fasm.  (Sandgate  Beds.) 

C?f.  Weiehselia  MantelU,  Brongn. 

Habwood  Green  Brickyard,  near  Tulborough,  Sussex.  (Nodules, 

Atherfield  Clay.) 

Exogjna  conica,  Sow. 
Pinna  sp. 
Thetis  i 
Naticasp. 

TERTIARY. 

The  revision  of  thu  Teriiary  areas  of  the  Hampshire  and 
London  Basiiut  luus  been  continued  under  the  superintendence  oi 
Mb.  Clbkknt  Beip. 
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HampBhire  Baain. 

(Mr«  Clement  ^VitVi  roirfirrl  to  tho  Lrr(»mid  a liXNitly  report od  as  re-siirvoye<i, 
Keid  andMr.  coiisideraljlo  |)rotifn.'ss  has  Ikn'h  made  in  the  ix-iluctiou  hihI 
D*  Mi-V*       publication  ot  ihc  revi;^cd  nin\ni.    Tlie  sboet  of  llu'  iiiap  i^No. 

315),  showing  the  country  arouud  Souiiiuuiptou,  has  l>eeu 
cngravod  and  published  duriiig  the  past  year,  sheet  316  (Fare- 
'  ham)  is  ])artl y  engraved ;  but  has  been  kept  back  to  allow  of 
the  insertion  of  information  obtained  during  the  progress  of  a 
now  railway.  Tl»o  memoir  on  sheet  828  (Dorchester)  has  been 
revi"<«  d  jind  |tnlilishf'd.  Slieet  314  (Rint,''^' nr.r]).  which  it  was 
h(j|>ed  couUi  l>e  completed  and  engraved  during  the  year,  was 
delayed  owing  to  the  unexpectedly  late  ap|>ointnn!nt  ot  Mk. 
JDixuN,  who  only  conuiicnccd  work  in  Jul^';  and  also  owing  to 
necessity  of  Mr.  Rbid'k  presence  at  the  ofhoe  during  part  of  the 
summer  and  again  throughout  December.  The  small  area  left 
over  in  this  map  (only  about  14  square  miles)  will  be  finished 
early  in  the  present  year,  and  the  map  will  then  be  sent  to  the 
engraver. 

nnrnpshire  has  now  l)ecn  survoved  upon  maps  on  tho  scale  of 
six  iiii  lit'S  to  a  mile,  with  the  (-\ccptiuu  ot  llie  north-east  corner, 
around  Aldershot.  Half  ot  Wiltshire  haj*  nowheensiirveycd.iuainlv 
the  eastern  and  south-eostciu  part.  Dorset  has  advanced  till 
about^  half  the  county  has  also  been  survcved.  In  each  of  these 
counties  the  work  of  the  past  two  years  lias  consisted  in  com- 
pleting and  connci  liiiLT  scattered  areas  ahmdy  partly  map{>ed. 
Tlio  policy  of  completing  defined  arwis  will  lead  to  tho  mapsliuing 
more  quickly  available  to  the  pnhlic,  and  ou^ht  to  enable  the 
work  to  he  done  nmrc  .satisl'actoriiy  and  more  economically. 

The  roeeiit  tield-work  in  tho  Hampshire  Basin  has  been  conhned 
to  the  western  border  of  tho  New  Forest,  the  Avon  Valley,  and  the 
adjoining  parts  of  Dorset,  all  this  ground  being  comprised  in  sheet 
314.  The  area  was  almost  entirely  surveyed  by  MR.  Reid,  who 
mapped  the  Forest,  the  Avon  Valley,  and  part  of  tho  Chalk  in 
Dorset.  Tlie  newly  appointed  Assistant  Geologist,  Mr.  E.  E.  L. 
Di.\ox,  was  placed  nndcr  Mr.  Hkid's  care,  but  as  ho  only  j  nned 
the  staff  in  •Tuly,  he  could  not  coiU ri})iite  larf^:ely  to  liie  area  of 
ground  surveyed.  He  mapped  tlio  parts  around  Hoiton  and 
Verwood.  Mjuch  of  Mr.  Reid's  tinie  in  the  tiold  was  necessarily 
spent  in  training  his  new  colleague. 

The  scientific  results  of  the  past  season's  work  in  the  Hamp- 
shire Basin  have  not  been  striking;  for  the  area  on  which 
Messr.s.  Reid  and  Dixon  were  engaged  was  surrounded  on  every 
side  by  ground  already  carcfidly  revised.  In  Hampshire  Mr. 
Reid  foimd  less  than  usual  to  alter  in  tho  Eocene  boundaries  ot 
the  published  map  (drawn  by  Joshua  Ti!tmmer),  and  though 
tlu  re  w(;re  a  i^ood  many  points  of  scientitic  interest,  not  much  of 
economic  value  was  found.  The  principal  novelties  were,  tho 
discovery  that  the  mass  of  pebbly  gravel  on  Ashley  lle^ilh  (west 
of  Ring  wood)  was  of  Eocene  age,  and  oonesponded  to  the  shingle 
seen  in  the  cliff  east  of  Bournemouth.  The  irregular  appearance 
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and  (lisapp^araucc  ut"  a  mass  ol  jjcbbles  at  the  base  ot"  the  uuiriue  (Mx.  iJkment 
Bracklcshaiii  Heds  is  not  surprismg;  but  it  is  noteworthy  that  on 
Ashley  Heath  this  shmgle  is  full  of  perfectly  rounded  pebbles  of  Dixon.) 
a  peculiar  siliceous  sandstone,  which  corresponds  exactly  in  its 
curiously  waved  bedding,  and  in  the  abundance  of  vertical  root- 
cavities  with  the  larger  angular  greywether  blocks  found  loose,  or 
in  tho  Drift  nejircr  to  Salisbury  Plain,  In  Summaries  for 
previous  year^  it  1ms  been  shown  that  abimdant  evidence  exists 
ni  the  Hampiiiui'c  Basin  of  an  overlap  westward  and  southward 
of  the  Uoadmg  Beds  and  of  tlie  Lower  BaLfshot  group,  till  at  last 
they  rest  on  PaLeozoic  strata.  We  have  now  disco voicd  evideiico 
that  the  Bracklesham  Beds  also  must  overlap  the  lower  horizons 
to  a  certain  extent,  for  the  pebbles  of  gro3rwether  must  be 
derived  from  eroded  strata  of  Reading  age.  A  few  fragments  of 
Greensand-chert,  which  occur  in  the  same  pebble-bed,  may  have 
been  derived  from  the  ehert-hearing  flu^natile  crravels  of  Bagshot 
or  Reading  age  ;  they  need  not  liave  been  derived  immediately 
from  the  GreeuKand. 

New  fossiliferous  localities  have  been  discovered  in  the 
Reading  Beds,  London  Clay,  Bagshot  Sands,  Bracklesham  Bods, 
and  Barton  Clay ;  but  within  the  area  here  alluded  to  fossils  are 
badly  preserved  and  not  abundant.  The  most  interesting  change 
in  the  fossiliferoiLs  strata  is  the  reappearance  of  a  bed  of  marine 
fossils  in  the  Woolwich  and  Readin<jr  sorie*?,  this  district  bcincr  a 
long  way  from  any  other  in  which  the  Woolwicli  type,  dis- 
tinguished from  the  Reading,  is  represented.  The  marine  bed, 
already  known  through  tho  labours  of  other  observers,  especially 
of  MjC  Ernest  Westlake,  occurs  at  Rockboume,  and  from  that 
nlace  extends  south-westward  through  Wiltshire.  It  has  also 
been  discovered  by  Mr.  Dixon  at  several  new  localities  near 
Horton.  The  deposit  is  usually  a  glauoonitic  sand  or  loam,  full 
of  oysters,  hut  containing  little  else.  It  now  seems  probable 
that  tho  glauconitic  loam  without  fossils,  met  with  in  tiie  Dor- 
chester sheet  (No.  328)  is  a  continuation  of  tho  same  marine  bed. 

The  Eocene  deposits  in  the  Dorset  area  surveyed  last  season 
are  similar  to  those  to  the  north-east  and  south-west. 
MBw^  Dixon,  as^  just  mentioned,  has  discovered  some  new 
fossiliferous  localities  in  the  Heading  series,  though  the  fluviatile 
deposits  of  that  age  still  remain  barren.  It  is  interesting  to  note. 
However,  that  siioangular  gravels  containing  Greensand-chert 
and  fragments  of  Palieozoir-  ropks  make  their  appearance  as  far 
north-ea.st  as  Dowiitou,  thougii  they  are  scarcely  so  angular  as 
they  become  nearer  Dorchester.  Mr.  Dixov  has  also  obtained 
London  Clay  marine  fossils  at  Verwood,  and  badly-prcscrved 
leaves  in  the'Bagshot  Sands  not  far  from  that  place.  He  attempted 
to  map  out  the  clay-beds  which  often  form  marked  features 
in  the  Bagshot  series;  but  these  proved  to  be  as  imporsistont 
and  irregular  there  as  they  are  in  other  districts,  and  no  one  lx;d 
could  be  traced  far.  The  clays  (hig  around  Verwood  .ire  not 
sufficiently  good  even  for  tho  coarse  pottery  there  made  and  tlie 
ware  is  cons  upjently  luauiifactured  from  the  pliistic  clays  ot  the 
iieading  series,  curled  iroui  other  places. 
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London  Basin. 

(Mr.  Clement  A  < oiisidci  able  EFOa  in  Middlesex  has  been  surveyed  by  Mrj 
JSh-'^A^C  G  *  •  ^  •'^^'^'^^'^^^  durini,'  the  \mi>l  seiuson  under  Mr.  Reid's 
CamaroiL)  '  supervisimi.  The  irrcntor  part  of  it  is  nndorbiin  by  London  riay, 
soldorn  (  oiiiairiinu:  fossils,  and  of  ilic  ordinary  type.  During  an 
inspection,  however,  of  the  Stunniore  district,  in  company  with 
Mk.  Cameron,  Mr.  Rkid  was  struck  by  the  marked  resemblance 
of  the  supposed  high-level  Pleistocene  gravel"  to  undoubted 
Eocene  grayels  in  the  Hampshire  Basin,  and  to  the  pebble-beds 
exposed  some  years  since  at  Highgate,  in  the  grounds  of 
SL  Joseph's  Retreat,  and  in  the  deep  trench  of  the  Steep-grade 
Tramway.  The  Highgate  deposit  certainly  belongs  to  the  top  o( 
tlic  [>ntid(>n  Clav  or  to  the  ba.sc  of  the  Bagsbot  Sands,  and  on 
closer  cxaiiiiiuilion  it  was  found  that  the  St  a  lunorc  gravel  also 
presents  all  the  characteristics  of  an  Eocene  ilcposit.  Its  flint- 
pebbles  are  nearly  always  well-rounded,  they  have  undergone 
zonal  alteration  to  the  centre  (Pleistocene  alteration  does  not 
extend  nearly  so  deci)  >,  and  mingled  with  them  are  rare  frag- 
ments of  Greensand-chcrt,  hard  s^lndstone,  black  ^it  with 
quartz-vcin«?.  and  a  few  quartz -pebbles.  Their  composition  thns 
closely  resembles  that  of  Eocene  gravels  described  iu  formor 

The  unex^jected  result  of  this  exaniiuaLion  must  lead  to  a 
reconsideration  of  the  geological  age  of  the  whole  of  Uie  sup- 
posed high-level  Plebtocene  gravels  atoimd  London.  It  now 

seems  doubtful  whether  outside  the  glaciated  area  any  Plateau 
Gravels  (i.e.,  gravels  more  than  about  150  feet  above  the  Thames), 
are  to  b(»  found  that  are  not  either  of  Koccnc  age,  or  dorived 
wholly  from  Eocene  deposits  at  a  higher  level.  Stanniore 
is  the  liighest  hill  (503  feet)  in  Middlesex,  and  dominates  a 
considerable  area  down  which  the  Eocene  material  hub  travelled. 
Hungerford  At  tho  vvcstcrn  end  or  apex  of  the  London  basin,  some  firesh 
District.  (Mr.  information  has  been  obtained  by  Mr.  J.  H,  Blake  as  to  the 
J.  U.  BJake.)  thickness  of  the  Tertiary  formations  near  Hungerford.  It  was 
derived  from  a  boring  made  by  Messrs.  Callas,  Sons,  and 
May  in  July  last,  at  Kirhy  House,  about  n  mile  and  a  'juarter 
east  of  Inkpen,  and  ncarlv  two  miles  and  a-half  south  of  Kint- 
bury.  From  specimens  and  detailed  information  supplied  to 
him  during  the  progres.s  of  boring,  and  from  inspection  of  the 
material  brought  up  at  the  place,  Mr.  Blake  was  enabled  to 
prove  the  occurrence  and  thickness  of  the  following  strata : — 

Feet 

Bagshot  Beds  90 

Loudon  Clay  52 

Beading  Beds  75 

To  Chalk  217 

Chalk  103 

320 

*  See  for  example  Summary  for  1897,  p.  19a  AnmuU  Meport  for 
188^  p.  11. 
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A  well  was  dui?  to  the  depth  of  eleven  feet,  and  the  rest  was 
bored.  Thv  clcau-riit  section  ot  the  well  showed  the  Biigshot 
Beds  to  bo  well  stratified,  and  to  dip  north  at  an  angle  of  26". 
This  steep  inclination  brings  up  the  Upj>cr  Grecnsand  from 
beneath  the  Chalk  to  form  the  "  Shalbourn  inlier,"  south-west  of 
Inkpen,  as  shown  on  the  Geological  Survey  Map.  The  informa- 
tion obtained  by  this  boring,  sjitisfiujtorily  clears  up  what  was 
previously  obscure.  The  published  maps  sliow  no  Bagshot  fieds 
at  the  site  of  this  borinjx;  the  omission  havincr  porhaps  arisen 
partly  from  a  certain  simdarity  of  the  variegatuil  coloured  sands 
and  foams  of  the  Bagshot  Beds  in  this  district,  to  those  of  tho 
Rea^lmg  Beds,  and  partly  also  from  ihc  absence  of  sections. 


The  Igneous  Bocks  of  Skye. 

The  survey  of  the  Tertiary  igneous  rocks  of  the  Island  of  (Mr.  A. 
Skye  has  been  continued  by  Mr.  Harkek,  who  has  been  H*i*iw.) 

engaged  in  the  district  of  the  Cuillin  Hills  and  the  surrounding 
parts  of  the  great  plateaux  of  basalt  He  has  prepaj^od  the 
following  notes  regaraing  his  work  of  the  jiast  season. 

The  hasaltlc  plateaux. — More  than  twenty  square  miles  of  the 
moorland  country  have  been  manpod,  lying  to  the  north-west, 
•  west,  and  south-west  of  the  Cuillin  Hills.  The  nrcncral  nature 
of  tho  ground  is  that  of  small  plateaux  or  flat-topped  hills,  rarely 
reaching  1,600  feet  above  sea-leveL  The  slopes  are  conspicuously 
terrac^ea,  the  saUent  features  being  always  due  to  the  numerous 
hard  intrusive  sills  intercalated  among  the  softer  lava-flows.  The 
latter,  in  contrast  with  tho  sills,  are  in  general  amygdaloidaL 
Tho  prevalent  type  is  basalt  not  rich  in  olivino,  grtuluating  into 
rocks  whicli  might  perhaps  be  more  accurately  styled  augitf;- 
andesitt's,  but  no  such  discrimination  has  been  found  practicable 
in  the  field.  Conspicuously  porphyritic  varieties  occur  in  a  few 
localities  only,  eg.,  oelow  Ci>ire  Labain.  Approaching  the  g^bbro 
boundary  at  the  foot  of  the  mountains,  the  lavas  become  harder, 
in  consequence  of  metamorphism,  and,  the  intrusive  sills  at  the 
same  time  dying  out,  the  details  of  the  surface-relief  assume  a 
new  character. 

The  metamorphism  imparts  to  tho  basaltic  lavas  a  tougher 
eonsistenry  nnd  a  more  splintery  fracture.  The  attendant  minerai- 
ogical  changes  an'  most  evident  in  the  amygdules,  wliicli  here 
contain  felspar  (foinn-d  at  the  expense  of  zeolites),  hornblende 
(from  chloritic  substances),  quartz  (from  ehalcedony),  epidote,  and 
other  new-formed  products. 

Conglomenites,  with  sul^ordinate  bantleil  tuffs,  arc  interbedded 
among  the  basalts  at  several  places  on  the  slopes  above  Cilen- 
brittle  House  and  elsewhere,  while  breccias  and  agglomerates 
occur  more  frequently  among  those  relics  of  the  basalt  group 
entangled  in  the  gabbro  of  the  mountains.  The  pebbles  in  the 
conglomerate  are  chiefly  of  Jiu*assic  sandstones,  well  roimded, 
while  basalt,  gabbro,  and  granite  occur  more  sparingly. 
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Isle  of  Skye.     The  only  place  where  the  base  of  the  btistilt  group  has  been 
^ir  A.       roacbed  in  tne  course  of  the  season's  mapping  is  along  the  coast 
Markwr.)      jjcing  the  Isle  of  Sotiy.   The  underlying  roclS  are  here  for  the 
most  part  Torridonian  (Applecross  grtt).  The  base  of  the  volcanic 

group,  Avhieh  is  about  400  feet  above  sea-level  at  the  western 
point  of  Loch  Sravnijif.  sinks  gradually  westward  to  only  a  little 
above  high  tide  at  the  outlet  of  Allt  nan  Leac,  the  streiim  di-ain- 
ing  Coir'  a'Ghrundda.  Hore  a  small  strip  of  Lias  limestones  is 
exposed  on  the  shore,  while  the  Triiis  conglomerate,  risiag  from 
beneath  these  limestones,  forms  a  small  {»omontory  200  yards 
east  of  the  mouth  of  the  stream,  as  recorded  last  year  *  Farther 
w^t  the  basalts  come  down  below  sea-level.  Inere  is  another 
locality  within  the  area  mapped  where  the  base  of  the  volcanic 

Soup  must  be  very  near  the  surface,  viz.,  on  tlio  shore  of  Loch 
arport,  near  (  arl)().st.  Some  years  ago  piles  were  sunk  for  a 
new  pier  nbouL  .300  yards  hevond  theTalisLer  Distillery,  and  the 
cores  preserved  in  the  yard  of  the  distillery  are  of  sandstone, 
presumably  J  urassic.  It  is  stated  that  the  borincs  were  only  m 
or  seven  feet  deep,  under  ten  feet  of  water  at  low  tide  (about 
twenty-one  feet  at  high  tide). 

The  <jal)bro  of  tite  OnUlina  ivifh  it.s  atisctcuifcil  patches  of 
bdsdltic  Idvt/s.  -The  survey  of  the  Cuilliii  Hills  hiis  been  nearly 
completed  dnrinLT  the  jmst  season  by  the  mapping  of  nine 
or  ten  s(putre  miles  of  the  main  (western)  range,  with  its  sub- 
sidiary spiurs.  The  detailed  study  of  this  pirt  of  the  ground  has 
brou^t  out  more  clearly  the  complexity  of  its  structure,  and 
especially  the  very  consiaerable  part  played  by  portions  of  the 
basaltic  lavas  entangl<-<l  in  the  gabbro  and  highly  metamorphosed. 
These  enclosed  patdies  have  lenticular  or  less  regular  forms,  with 
dimensions  ranging  from  a  few  yards  to  more  tlian  a  mile. 
When  their  intimation  vnn  he  detected,  it  is  usually  found  that 
they  dip  eastward,  i.r.,  towards  the  interior  of  the  mountains, 
agreeuig  generally  in  this  res{X)ct  with  the  other  elements  of  the 
complex.  The  metAmorphism  is  usually  most  intense  m  patches 
of  small  or  moderate  size,  and  the  basalt  thus  indurated  ofifors 
quite  as  much  resistance  to  erosion  as  the  gabbro  itself,  so  that  it 
occurs  on  tlie  ridges  rather  than  in  the  valleys.  Some  portions 
of  these  highly -altered  lavas  have  a  thoroughly  coarse  texture, 
and  specimens  would  be  unhe.sitJitinf:fly  set  down  as  gabbro,  did 
they  not  still  preserve  reli(is  of  the  characteristic  amy^daloidal 
structure.  This  peeuliarity  mav  l>e  taken  as  indiciitmg  that 
those  rocks  at  least  which  exhibit  it  have  not  suffered  bodily 
fusion  in  connection  with  the  intrusion  of  the  highly-heated 
gabbro;  but  the  apparent  gradual  transitions  from  metamor- 
phosed basalt  to  gabbro,  though  illusory,  render  the  drawin<^  of 
precise  boundaries  in  some  places  a  task  of  much  difficiuty. 
This  diffiriilty  is  enhanced  by  another  circumstance.  It  appears 
that  the  iiasaltie  lavas  so  intimately  associated  with  the  large 
gabbro  mass  do  not  in  Lrcnernl  belong  to  the  same  part  of  tne 
series  as  those  developed  on  the  adjacent  moorland  country. 


*  Summa)^  of  Progress  for  1898,  p.  137. 
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They  arc  mnrh  less  t^(»nerally  amygdaluifla!.  ari<l  what  was  there  Tale  of  Skya 
so  distinclive  ;)  tV-Unro  ceases  to  he  availatd*;  as  a  ready  criterion  h^^i 
on  the  Mun-f  (litiicult  i,n-oiind.  It  is  [)n>l)al)le  that  in  the  northern 
and  iiui  Lk-Litsttirn  piiris  of  the  CuillinH,  mapped  iit  former  seasons, 
some  rocks  have  ieem.  set  down  as  intnisiTe  diabases  and  fine* 
grained  gabbros,  which  would  be  more  correctly  regarded  as 
metamorphosed  basaltic  lavas. 

Some  of  the  central  and  highest  mountains  (.^uch  as  those 
unnamed  on  the  Ordnance  map.  hut  known  to  climhcrs  as  Sij^iirr 
Alasdair,  Sgurr  Tearlach,  and  S;_;ui-r  Mhic  Coinnieh)  consist  in 
Lheir  iipiX)r  parts  almost  wliolly  of  hasalt,  with  subordinate 
volcanic  breccias,  {)enetrated  only  by  a  lew  tongues  of  gabbro 
from  below.  From  the  extent  and  tnickness  of  these  lavas,  they 
seem  probably  to  be  ouUiers  of  the  rocks  aboye  the  up^xir  surface 
of  the  great  gabbro  laccolite,  which,  on  this  supposition,  has  a 
maximum  thickness  of  about  3,000  feet  or  mora 

The  gabbro  itself  imdoubtedly  consists  of  numerous  distinct 
intrusions  in  the  form  of  wedges,  sheets,  and  tongiK^s,  hut  their 
l^etrographical  ditlerences  are  not  such  asi  enable  us  to  map  them 
senarately,  oven  if  the  scale  of  the  man  pcrnjitted  their 
delineation.  An  exception  in  this  respect  is  the  pecuHar  orango- 
crusted  rock  mentioned  in  the  last  report  as  remarkable  for 
its  extreme  toughness,  and  for  its  containing  innumerable  xeno- 
liths  of  a  more  normal  gabbro.  This  rock  occupies  a  considerable 
area  in  the  western  Cuillins,  forming  the  peak  at  tho  jvmction  of 
the  Sgurr  l  )al)li  r'nh^v  witlitbe  main  range,  and  extending  along 
the  valley  named  An  Ciarblichoire.  Here  it  is  penetrated  and 
enveloped,  by  the  normal  coarse  gabbro  to  the  N.E..  which  is 
clearly  of  later  date.  On  the  other  hand,  the  orange- crusted 
rock  occurs  at  two  places  on  the  border  of  the  gabbro  area, 
Tiz.^  at  An  Sguman  and  on  the  southern  slope  of  Garsbheinn, 
and  in  both  places  is  clearly  posterior  to  the  normal  gabbro  in 
contact  with  it.  If  the  seyeral  masses  of  this  pet  uliar  rock  are 
to  be  as.signed  to.  one  epoch,  we  may  draw  the  inference,  on 
other  grounds  a  likely  one,  that  the  normal  gabbro  on  the 
border  of  the  tract  consolidated  at  a  somewhat  earlier  time  than 
that  in  the  interior.  Petrographiciil  examination  shows  that  tho 
tough  orange- weathering  rock  is  of  ultrabasic  composition.  It  is 
usually  a  picrite,  but  passes  into  a  pure  olivine  rock  (dunite),  and 
has  also  bands  of  troctolite  associated  with  it. 

Basic  Dykes,  Sills,  and  Sheets. — The  intrusive  rocks  of  the 
western  part  of  the  Cuillins  and  of  the  basalt  country  farther 
west  are  exclusively  of  biisic  (ineludinpf  suh-hasic)  composition. 
Acid  dykes  oeciir,  as  already  lecorded  in  the  eastern  part  of 
the  Cuillins,  and  occasionully  on  the  moorlands  to  tho  north, 
but  they  do  not  extend  westwards,  a  liict  which  tends  to  comiect 
them  genetically  with  the  granite  of  the  Red  Hills  to  the  east. 
It  may  be  remarked  too  that  ^nite  veins  in  the  ^bbto,  as 
well  as  independent  acid  intrusions,  are  wholly  wantmg  in  the 
western  mountains;  and  even  veins  of  pde  felspathic  gabbro, 
aplitie  or  peprmatoid.  trav(>rsing  the  normal  gabbro  are  eompara- 
tively  rare  except  in  a  tew  places,  such  as  the  summit  ridge  of 
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UleofSkye.  ol' Siriirr  Dejirif.  Tho  most  uosterly  inrlependent  intrusions  of 
if^'iA  ro€k  occur  on  thu  north-west  slope  ol  Sgiirr  Tliiiilm,  and 

iwKv.)      consist  of  a  biotite-bearing  ielsita — a  type  not  elsewhere 
encountered. 

As  before,  haste  <////v  s  were  met  with  in  great  numbers  on 
the  ground  mapped  during  the  season.   They  are  least  numeroiLs 

on  the  higher  ]iarts  of  tlit-  })lateaux,  foniied  by  srroups  of  thick 
sills.  This  rnay  Ik)  due  in  ]^nl•^  to  the  fact  that  some  of  tiro 
dykes  sU|)pli(Ml  the  nuiti^rial  tor  inchvidual  sills  and  ternhnatud 
at  them ;  out  the  ^^eneral  explanation  nuist  Ije  that  the  sills 
often  presented  an  unpenetrable  barrier  to  dykes  of  later  date 
than  themselves.  In  many  parts  of  the  Guillins  the  dykes  are 
quite  as  numerous  as  on  any  portion  of  the  basalt-ground. 
Thf  ro  are»  however,  in  places  considerable  tracts  of  uniform  coarse 
gabbro  remarkable  rather  for  the  paucity  of  minor  intrusions. 
Apparently  some  members  of  the  complex  body  of  gabbro  have 
oner^l  «'trt"Ctive  resistance  to  the  pa,s.sage  of  the  dykes, 

Con  I  [Wiring  the  dykes  of  the  mountain  district  and  the  l>elt 
immediately  surrounding  it  with  those  of  the  more  distant  parts 
of  the  basalt-country,  and  of  Skye  in  general,  we  find  a  difference 
in  their  direction  which  seems  to  he  of  significance.  In  the 
bas^ilt  area  the  great  majority  of  the  dykes  do  not  usually  depart 
nuich  from  a  direction  north-north-west — south-south-east.  In  the 
mountains  and  the  adjacent  bolt  of  country  many  of  the  dykes 
conform  to  the  same  law,  but  the  general  bearing  lias  l)eon 
governed  by  other  factors,  the  princ^ipal  group  of  dykes  having  a 
roughly  radial  disposition.  They  do  not  ponit  accurately  to  a 
sin^e  central  point,  but  the  dominant  set  are  so  directed  tiiat, 
if  produced,  they  would  pass  near  the  centre  of  the  ^bbro 
tract,  or  perhaps  through  one  or  other  of  several  points  situated 
within  a  central  area.  Further,  the  strong  tendency  of  a  dyke 
to  nm  on  in  a  straight  line  often  entiscs  it  to  be  jirolonged  into 
a  part  of  the  tract  where  it  makes  an  acute  an-^lo  with  the 
general  direction  in  that  place.  In  addition  to  tl  *  lominant 
radial  set  of  dykes,  there  is  a  conjugate  set  approximately  at 
right  angles  to  them,  the  departiue  fipom  rectangularity  some- 
times observed  being  due  apparently  to  the  same  tendency  to 
prolongation  in  straight  lines.  The  conjugate  set  is  usually 
subor&iate  to  the  radial,  though  locally  it  may  attain  almost 
equal  importance.  A  notireable  bade  is  more  frequent  here  than 
in  the  foinier  set.  especially  in  the  outer  belt  oi  the  tract,  the 
inclination  being  very  jjfenerally  outward  from  the  centre.  In 
tho.se  parts  of  tlie  mounUiins  where  the  phenomena  are  most 
regular  and  most  clearly  displayed,  we  can  distinguish  by  their 
bearing  three  sets  of  dykes:  (i.)  ITie  radial ;  (ii.)  me  conjugate  ; 
and  (ni.)  the  north-north>west  set.  The  first  two  must  be 
considered  peculiar  to  the  mountain  district,  while  the  third  set 
is  |>art  of  a  much  larger  svstem,  atfecting  an  area  which  extends 
far  beyond  the  limits  of  t\\e  Isle  of  Skye.  It  does  not  seem  to 
Ihj  possiltle  to  distinguish  the  dykes  of  tlie  several  sets  on  petro- 
gra|)hi(al  ground.s.  One  peeuliar  type,  huwever,  may  be 
tueiiLioned,  consisting  of  an  exceedingly  hard  and  tough  rock 
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irith  an  oianee-yellow  or  rusty  siir&ce.   Such  dykes  are  frequent  isio  of  skye. 

on  some  of  the  weetem  mountains,  especially  in  the  neighbour-  ^^j^^j.'  ^ 
hood  of  the  nmnge-crusted  picrite  already  referred  to,  with  ^ 
whi(^]i  thoy  are  sometimes  in  visible  continuity.    They  have  the 
samo  j)rofiision  of  xenoliths  romarked  in  that  rock. 

The ixmo  siUs  intnidcd  aiuong  the  lavas  make  up  collectively 
a  eonsiderablc  proportion  of  the  total  thickness.  They  vary 
somewhat  in  petri^aphical  characters.  The  thicker  ones  are 
usually  of  a  medium-grained  diabase;  others  are  of  finer 
texture,  often  with  something  of  a  fissile  structure.  A  few  are 
amygdaloidal,  but  with  characters  quite  distinct  from  those  of 
the  lavas,  the  vesi<  los  being  larger  and  more  sporadic,  and 
often  empty.  Fragments  of  the  basalt  lavas  are  sometimes 
enclosed 

The  sills  are  always  found  tu  die  out  in  the  direction  of  the 
mountains,  rarely  approaching;  within  500  yards,  and  often  not 
within  1,000  yaras  oi  the  mam  gabbro  boundary.  Then  follows 
a  zone  withm  which  dykes  nro  tlu^  only  minor  intrusions. 
Nearer  to  the  mountains  the  inrlinrd  sheets  of  Ixtsic  rock  which 
form  so  prominent  a  foatnrt^  of  the  C'liillins  l)cgin  to  make  their 
appearance,  traversing  alike  the  ^ahbro  and  the  enclosed  patches 
of  the  volcanic  group  associated  with  it.  These  sheets  may 
occur  quite  at  the  cage  of  the  gabbro,  or  even  in  the  meta- 
morphosed basalts  bordering  it,  but  in  most  parts  of  the  western 
Cuillins  they  do  not  become  numerous  at  less  than  three-quarters 
of  a  mile  or  a  mile  from  the  outer  boundary  of  the  gabbro,  or  at 
altitudes  of  less  than  about  1 ,500  feet.  They  are  thus  quite  dis- 
tinct from  the  sills  which  follow  the  bcddincj^-planes  of  the 
basaltic  lavas.  I'hey  are  intimately  linked  with  the  gabbro,  not 
only  by  their  distribution,  but  by  their  inclination,  which  is 
always  inwards  towards  the  centre  of  the  gabbro  area.  A  greater 
.  yariety  of  petrdgraphical  types  among  the  inclined  sheets  also 
serves  to  separate  them  g^etically  from  the  sills.  Which  of 
these  two  L,qoups  of  intrusions  is  the  earlier  is  a  question  not . 
easily  solved.  Both  are  evidently  later  than  the  large  plutonic 
masses  of  crabbro  and  granite.  Both  are  sometimes  seen  to  cut 
through  dykes,  but  this  is  far  more  frequent  with  the  inclined 
sheets  than  with  the  sills,  l  liis  observation,  however,  is  not  very 
conclusive,  since  wu  have  reason  to  believe  that  the  dykes  in  the 
gabl»ro  area  are  in  great  part  distinct  from  those  ot  the  moorland 
countiy. 


Inverness-shire  and  Argyllshire* 

In  the  progress  of  the  mapping  throULdi  thr  west  of  Scotland 
innumeraole  basalt-dykes  are  met  with,  having  a  general  north- 
we8t<'rly  trend,  and  presumably  bc4onging  to  the  thinl  group  in 
Mr.  M  arker's  classiKcyUion.  "  l)urin«j:  the  pant  season  niany 
examples  of  this  series  of  intnisions  have  been  noted  and  mnrk(Ml 
on  t1io  maps.  The  following  illustrations  of  their  oexjurreiice  will 
suliice; — 

3371 


Digitized  by  Google 


146 


FIELD-WORK. 


Refereno«  has  already  been  made  to  two  seriea  of  dykes 

(Mr  ciougii.)  observed  by  Mb.  Clouoh  in  the  district  between  Glenclg  and 
Loch  Hoimi.   Those  of  tlic  one  group  have  been  mentioned  in 
connection  with  the  crystalline  schists.    Those  of  the  second 
group  are  nn  douht  of  niupli  later  age,  and.ns  they  have  a  general 
noitli-west  or  nortli-north-west  direction,  and  are  of  the  same 
character  as  those  of  Skve,  already  alluded  to,  they  may  with 
some  con^illcnct^  be  considered  to  belong  to  the  Tertiarv  igneuus 
protrusions  of  the  west  coast  They  include  basalts  and  diSierites 
and  also  some  trachytic  varieties.   The  latter  are  seen  in  several 
sections  to  be  later  than  others  of  dolerite,  and,  as  has  been 
recorded  in  other  districts,  they  show,  near  their  sides,  parallel 
rows  of  sphcrnlitos  and  i^rojitly  oloncr.Mtcd  aiiiy^dnlcs. 
ofGwlT^"^     In  the  district  at  the  southern  end  of  llie  Great  Glen,  sur- 
Glen'**(Mr   vcycd  last  year  by  Mr.  Grant  Wilson  (>(/^/e,  p.  39)  boili  ilio 
Graut         yiujiulitic  liagstones  aiid  the  Glen  Loy  diorite  are  traversed  by 
WilBMi.)      numerous  basalt-dykes  of  presumably  Tertiary  age.   These  vary 
in  breadth  from  one  to  twenty  feet,  and  have  a  general  easterly 
and  westerly  trend.   They  are  more  numerous  on  the  soutn 
than  on  the  north  side  of  Glen  Loy.    It  is  possible  that  they 
may  lie  connertcd  with  the  volcanic  "nocks'  on  the  dividing 
ridji^e  to  the  south  of  the  n^Ien.* 
Dahaally         A  few  additional  examples  of  this  late  series  of  dykes  have 
Kjmuii^^  been  noticed  by  Mr.  KynajsTuX  m  the  course  of  his  work 
among  the  older  rocks  in  the  region  already  referred  to  (p.  42)l 
Several  dykes  of  dolerite,  having  an  east  and  west  direction,  were 
mapjped       him  in  the  Ben  Laoigh  area,  and  between  the  lower 
portions  ot  Glen  Lochy  and  Glen  Orchy.    A  dolerite  near  the 
head  of  Glon  Sliira  ilso  apparently  belongs  to  the  same  series. 
It  is  a  typical  dolenti!  ot   n)«'ilium  .crrain,  with  a  very  iresh 
appcaritnce  under  thu  uiicroscupc  [<S(j2tJj. 
Kihnelfort.  the  Oban  district  numerous  dykes,  evidently  belonjging  to 

(Mr.  Sjmes.)  ^^'^  Tertiary  series,  have  long  been  known.  Durii^  his  fieM- 
work  last  season,  Mr.  SSthes  came  upon  a  number  of  additional 
instances  around  Loch  Melfort.  The  rocks  along  the  southern 
shore  of  that  inlet  are  cut  by  a  series  of  these  basalt  dykes,  which 
are  immcrous  and  well  exposed.  They  include  examples  of 
C()in])()ini(l  dykes,  like  that  of  which  an  account  has  ahcacfy  been 
pnl >lished  (Sumvyiry  of  Profivpfts  for  189<S,  p.  155).  Two  of  these 
iiiuy  1k)  seen  where  astrejiru  enters  the  sea  at  Kames  Bay  on  the 
east  shore.  A  couple  of  olivine-basalt  dvkes  are  there  split  up 
longitudinallv  by  basalt  dykes  of  a  less  liasic  nature,  the  edges 
of  the  latter  being  chilled  against  the  earlier  rock,  and  showing  a 
margin  of  black  l>asalt-glass.  Another  similar  illustration 
ocenrs;  nt  Kihnelfort  pier,  on  the  north  side  of  the  loch,  ("loso 
to  Kihiielloif  jind  east  of  the  Mnnse,  the  husaltie  dykes  are 
(^specially  numerous.  They  stand  out  there  in  great  vertical 
walls,  rising  among  the  schists,  grauilu,  limestone,  epidiorite,  cSrc, 
and  as  a  rule  running  in  a  north-west  and  south-east  direction. 
At  a  distance  of  about  five  miles  from  Kilmelfbrt,  on  Oarq 

-  ■  ^ — — — — —  — — —  ■ 

*  As  deBcribed  in  the  Summanj  of  Progrm  for  1808,  p.  16$ 
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Duchara,  the  dykee  tend  to  assume  an  east  and  vest  direction* 

and  vary  in  composition  from  a  fine-grainod  compact  basalt  to  a 
hipfhly  crystalline  olivine-dolerite.  Although  they  run  in 
nuiiicrons  parallel  lines,  no  compound  examples  nave  been 
noted  among  them.  West  of  Locn  Losgain  Beg,  the  Tertiary 
dykes  are  seen  to  cut  through  the  felsite  dykes  at  right  angles  to 
the  lines  of  flow. 

Nowhere  on  the  West  Coast  do  the  late  basic  dykes  offer  a  laie  of  Jura 
better  contrast  to  the  rocks  which  thev  traverse  than  tlioy  do  Wilkin 
on  the  western  shores  of  the  Island  of  /ura  where  the  dark  ribs  ^ 
of  basalt  rise  throiiL,di  white  or  pale-grey  quart zitc.    Durins^  the 
past  season  Mr.  Wilkinson  has  mapped  a  number  of  them  in 
the  portion  of  the  island  lying  north  of  Loch  Tarbert,  where, 
however,  he  has  found  them  not  quite  so  numerous  as  they  are 
further  south.   They  are  common  on  the  northern  shores  of 
that  sea-loch,  and  are  more  especially  conspicuous  at  the  western 
hoiidland  oi  Buantallain,  where  at  least  eight  dykes  rise  through 
the  quartzite  close  to  each  other.    At  one  nart  of  the  coast  a 
dark  sill  has  been  thnist  between  the  bcas  of  the  quartzite, 
which  dips  towards  the  east,  and  some  ot  the  dykos  rise  vertically 
through  this  sill 


iBle  of  Azran. 

The  STirvey  of  the  remarkable  siiccossion  of  i !xn cons  rocks  in  ( Mr.  W. 
the  Island  of  Arran  has  now  been  nearly  eonipletid  by  Mr.  Guau.) 
GuNN.  During  last  season  he  was  engaged  in  tracing  dykes  of 
basalt,  pitchstone,  and  felstoue  in  the  central  granite  area  among 
the  crags  of  the  highest  lulls,  a  task  of  some  difficulty,  as  many 
of  the  chrkes  occur  m  almost  inaccessible  pbiecs,  and,  form  deep 
clefts  that  are  not  easy  to  traverse.  The  more  minutely  the 
granite  is  examined  about  the  heads  of  Glen  Kosio  and  Glen 
Sannox  the  more  numerous  do  these  dykes  ap^war  to  be.  Mb. 
Gi'KN  indeed  has  been  led  to  l)elie\  e  that  tliey  arc  on  the  whole 

Juite  as  nniiicrous  in  the  granite  as  in  .•my  otlier  rocks  of  the 
sland.  iiiisjilt  is  the  commonest  rock  among  them,  but  dykes 
of  pitohstone  and  of  quartz-felsite  are  also  abundant.  Witli  the 
exception  of  those  of  quartz-felsite,  most  of  the  dykes  ^  are 
comparatively  small.  ni;in\  being  less  than  ten  foot  m  vridth. 
Composite  dykes  are  far  from  uncoTnmon,  Tin  y  generally  con- 
sist of  felstone  with  edges  of  basalt.  An  interesting  example 
on  ( 'ir  Mhor  h;is  been  described  l)y  Pukfkssok  Jri^n. 

In  the  area  surveyed  from  Shedoir,  incliKliii^'  the  hill  eddied 
Ard  Bheinn,  the  rocks  form  part  of  tlie  oval  complex  mentioned 
in  a  previous  Report  as  occurring  south  of  the  String  road 
between  Brodick  and  Shiskine.*  The  geology  of  Ard  Bheinn  is 
about  the  most  complicated  in  the  island.  Imt  as  none  of  the 
rocks  recently  collected  there  have  been  sliced  for  microscopical 

*  Ann.  Rtft.  6VrV.  Surret/  for  IMKi,  y.  7r>.  As  the.-^t-  imps  are  i>as.«siux 
through  the  mes>»  a  Knat  vokaiiie  vfiit  in  that  district  ha«  ucen  discovered 
by  Mr.  Pea«b  and  Mr.  Gunn.  Unte,  p.  133.) 
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(Mr.  W,  tixuiiiinaiion  only  u  general  description  of  ike  ground  can  al 
present  be  ^iven.  Indeed,  only  an  exoeedingly  detailed  descrip- 
tion could  give  any  idea  of  the  extreme  complexity  of  the  area. 
The  acid  rocks  embrace  granite,  j?ranophyre,  ciuartz-diorito, 
coarse  quartz-porpb}Ty,  and  Hne-grained  qiiartz-felsite.  There 
fire  also  hnsip  rocks  of  seveiiil  kinds  that  appear  generally  to  be 
uf  older  dale  than  the  acid  lorks,  lu  sides  later  dykes.  The 
niiinlH;!"  of  separate  intrusions  of  iluiso  rocks  is  very  great.  The 
rock  into  which  they  are  intruded  is  ihc  Lower  Old  Red  Sand- 
stone, which  Ls  generally  here  a  conglometate,  but  so  hiehly 
altered  as  to  have  quite  lost  its  ordinary  character.  Some  of  the 
basic  rocks  are  highly  magnetic,  and  at  one  place  550  yards  east- 
south-east  from  Dereneneach  the  rock  is  a  natural  magnet,  and 
possesses  polarity.  The  c  haracters,  relations  and  age  of  these 
rocks  remain  to  be  determined. 


PLEISTOCENE,  INCLUDING  GLACIAL. 

Though  no  new  (acts  of  importance  in  the  in^esti^tion  of  the 
Pleistocene  deposits  of  the  British  Isles  have  been  ehcited  durii^ 

the  past  year  oy  the  field-work  of  the  Geological  Survey,  much 
additional  information  has  heen  collected  re^^arding  the  distnliu- 
tion  and  local  character  of  these  deposits.  In  the  following  hrief 
summary  of  the  observations  a  geographical  order  will  Ije 
followed,  beginning  with  the  English  Midland  and  Southern 
Counties,  then  passing  to  South  Wales,  taking  the  districts  of 
Scotland  in  order  from  north  to  south,  and  concluding  with  those 
of  the  south-east  of  Ireland, 


Midlands. 

!^ice8t€r and  the  portions  of  the  counties  ot  Leicester  and  Rutland 

ftutland.  exauiined  by  Mr.  Fox  STR.\NtiWAYs  he  has  found  the  distribu- 
8ninS«TO.i  ^^^^  boulder-clay  and  gravel  to  be  somewhat  irregular. 

As  a  rule,  these  materials  cap  most  of  the  higher  ground,  while 
the  valleys  are  free  from  them.  There  are,  however,  exceptions 
to  this  rule,  as  over  the  high  ground  about  Burrow  and  Somerby 
these  deposits  have  been  almost  entirely  removed,  and  also  along 
the  ridge  from  Whathorotifjfh  Hill  to  the  south-east.  A  large 
sirm  free  of  Drift  extends  troiii  lietwcen  Tngby  and  Goadby  cjist- 
wurds  to  the  north  of  Hallaton  and  lioniinghold.  Jiesides  theso 
tracts  nearly  all  the  valleys  aro  devoid  of  drift  in  theu  lower 
part,  except  in  two  instances  near  Skefiington  Vale  and  near 
illston  (  Jniiigo,  where  hniddcr-clay  is  seen  in  the  stream  sections. 
The  bouId(^r-clay  attains  its  greatest  thickness  along  the  southern 
edge  of  the  map,  a  well  west  of  U.iHaton  l>eing  m\d  to  be 
150  feet  «leep.  and  n]-»paretitlv  C'ntirely  in  this  dcpo.sit.  Such  a 
<lcpth.  however,  must  be  ext  eptional,  jus  elsewhere  the  drift  does 
not  up^xjiir  to  be  of  great  thickness.  The  chief  (lepo-sits  of  gravel 
are  at  Tilton,  Skethngton,  lloUeston,  Tugby,  ancl  Belton.  The 
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revised  ediiiuu  ol  the  mai)  will  show  considerable  chaDges  in  the 
mapping  of  the  supertii  ial  deposits. 

Reference  was  made  iu  last  Santnuiry  of  Progress  to  some 
interesting  |>articiilars  regardii^  the  distribution  of  the  boulder 
claTS  and  boulders  in  the  North  Staffordshire  region,  which  were 
gathered  during  the  revision  by  Mr.  Lascplugh.  In  the  work 
of  last  season,  Mb.  Barrow  obtained  some  fresh  corroborative  North 
evidence  of  the  same  facts  in  the  Leek  and  Chcadle  district.  He  SuffiwrdaLire, 
appears  to  have  traced  a  jxn-tion  of  one  of  the  margiiial  lobes  oi^ 
the  ioe-sheet  that  niovecl  out  of  the  Irisli  Sea,  and  carried  with 
it  the  boulders  from  the  Lake  District.  It  will  bo  remembered 
that  Mr.  Lampluqh  noticed  that  the  groimd  between  Cheadle 
and  Uttoxetor  was  marked  by  an  absence  of  these  boulders,  and 
he  conjectured  that  the  lower  layers  of  the  north-western  ice,  in 
which  these  stones  were  chieHy  lodg<.'d,  were  arrest^jd  by  the  steep 
Fin nter  escarpment  south  of  ( 'lie.idle.  Mr.  Harrow,  in  confirm- 
ing this  surmise,  has  foimd  tliat  the  arrest  took  place  rather 
further  to  the  north,  but  was  etVcoted  by  another  prominent 
topographical  feature  of  a  similar  kind  lie  has  traced  the 
north-western  drift,  with  its  abundant  blocks  from  the  Lake 
countiy,  in  great  force  over  the  ground  to  the  north  of  Leek. 
Tliis  drift  contjiins  a  great  number  of  chips  of  flint,  a  character- 
istic feature  of  the  boulder- clays  of  the  Irish  Sea  basin.  The 
blocks  of  igneous  rocks  h'om  the  Lake  District  cease  to  bo  visible 
a  little  south  of  Wet  lev  Hneks.  Hrnifjhly  speaking,  a  lino  may 
be  drawn  in  an  easterly  direction  trom  this  point,  south  of  which 
these  boulders  have  not  been  met  with.  Starting  again  from  the 
'same  locality  the  further  limit  is  no  lon^^er  an  east-west  line,  but 
a  north-south  one.  In  other  words  tne  limit  of  the  drift  is 
marked  by  a  line  that  forms  a  r^t  angle  at  a  point  a  little 
south  of  Wetley.  The  position  of  this  line  is  shovm  on  a 
geological  map  to  correspond  through  a  considerable  yiirt  of  its 
course  with  the  foot  of  the  ese-^rpment  of  the  tliird  grit— the 
rock  that  makes  the  most  pronounced  to}>ographiciil  feature  in 
the  whole  area,  and  would  obviously  present  the  most  persistent 
obstacle  to  the  advance  of  the  ice.  The  area  be3rond  this  lino 
often  contains  no  drift  except  a  few  Bunter  pebbles,  which  are 
as  ubiquitous  in  this  part  of  England  as  chalk-flints  are  in  other 
areas.  On  the  east  side  of  the  Churnet  there  is  no  appreciable 
cover  of  drift.  But  the  materials  u.sed  in  the  constniction  of 
walls  bear  record  of  the  transport  of  local  boulflers  by  ice,  for 
tilt  se  consist  largely  of  the  First  and  Third  CJrit.s,  the  outcrop  of 
wiiich  is  often  not  more  than  a  mile  disUint.  The  bottoms  of 
the  small  but  deep  valleys  in  the  shales  are  often  full  of  boulders 
of  these  local  rocks.  It  was  obviously  economical  to  clear  the  tields 
of  these  blocks  and  use  them  for  building  walls,  but  it  did  not 
nay  to  imdertake  the  great  labour  of  hauling  them  out  of  the 
beds  of  the  streams,  and  there  they  icmain  to  attest  the  gr-cat 
mmiber  of  boulders  that  liave  been  transported  by  ice,  though  no 
drift  now  remains  that  can  be  represent  ed  on  a  map. 

In  the  western  |>art  of  North  Stuliordshire,  which  has  been  ^ 
revised  by  Mr.  C.  B.  Wedd,  httle  can  be  added  to  what  was  said 
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(Mr.  C.  R 


(Mr.  W. 
Gibeon.) 


Cheshire. 

(Mr,  T.  I. 


of  the  Drift  in  last  year's  Su  mmary  of  Progress,  In  the  Audley 
and  Taike  district  the  drift  teraiinatea  against  the  anticlinal 

ridges  of  the  L'oal-nieiisnrc  sandstones  on  tho  east,  Init  where 
these  ridges  an*  broken  by  transverse  vallovs  the  dritt  [)asses 
southwards  and  south-east wnnls  n|»  rlusi^  valleys.  On  a  belt  of 
ground  about  a  mile  and  a  lialf  broad,  iiaiiicdiately  west  of  these 
ridges,  the  drift  is  thin,  except  iii  valleys,  while  riagesof  Triassic 
and  Upper  Coal-measure  strata  often  rise  from  the  midst  of  it. 
Beyond  this  it  tluckens  to  the  west  It  consists  hero  as  elsewhere 
of  clays,  sands,  and  gravela  The  occurrence  of  shell-fiagmenta 
in  these  deposits,  which  was  referred  to  in  last  Summary  of 
Progress,  has  been  further  proved  by  ^Iii.  ^VEl)I)  during  the  past 
year.  He  has  now  found  these  frt^gnieuts  at  46  locjilitics  in  the 
district,  but  few.  if  any,  forms  have  been  noted  in  addition  to 
those  given  in  the  list  published  in  that  Summary.  In  the 
neighbourhood  of  Gaverswall  and  J^j^the  Bridge  little  tirift  occurs, 
except  in  and  north  of  the  Blythe  Valley,  but  no  sheU-fragments 
have  been  found  in  it.  Many  large  boulders  of  some  five  or  six 
types  occur  on  the  high  Bunter  ground  of  this  part  of  the 
aistrict.  Tii  the  more  westerly  ground  several  peat-mosses 
occur,  resting  in  hollows  in  sand,  or  closely  associated  with  it. 

In  the  centre  of  the  Pottery  Coal-hold,  Mr.  Gibson  has 
observed  that  the  diitt  deposits  arc  liiiix  aud  s[)arsoly  dLstributed, 
though  they  are  developed  in  considerable  quantities  in  the 
Trent  Valley  round  BucknalL  At  Kidsgrove  another  example 
of  the  edge  of  an  ice  lobe  may  be  seen.  The  highl}  inclmed 
Coal-measures  there  rise  abruptly  above  the  Plam  of  Cheshire, 
and  tho  drift  deposits  end  otf  abruptly  against  the  Carboniferous 
strata  at  an  elevation  of  500  feet,  but  driit  sand  and  gravel  occur 
at  Trubshaw  at  an  elevation  of  700  feet. 

In  the  district  of  Crewe  and  further  to  the  north-cast  in  tlio 
country  around  Macclesfield  the  Drifts  have  been  mapped  by 
Mr.  T.  L  Focock.  It  b  well  known  that  on  the  west  side  of 
the  Pennine  chain  these  deposits  reach  a  height  of  1,300  feet 
above  the  sea.  Some  patches  of  this  high-level  drift  have  been 
recently  examined  by  Mr.  PornrK.  They  consist  of  false- 
bedded  sands  with  courses  of  peltbles  (derived  for  the  most 
part  from  the  Lake  District  and  Scotland),  and  rest  hero 
and  there  on  boulder-clay.  The  amount  of  boulder-clay  at 
the  high  levels  is,  however,  small  best  known  of  Uiese 
patches  (that  which  yielded  the  marine  fossils  discovered  by 
Frofessok  Pju:st\vi(  ii),  runs  for  nearly  a  mile  at  the  foot  of  an 
cscarnment  ol  grit  north-east  of  Walker  Tlirn.  Othei*s  have  been 
seen  oy  the  brook  side  east  (tf  Forest  Chapel.  The  tops  of  the 
ridges  above  are  plentifuUv  strewn  with  boulders  from  tho  Lake 
country  and  Scotland,  which  aflbrd  conclusive  evidence  that 
some  portion  of  the  ice -sheet  covered  the  spur  of  the  Pennine 
Hills  east  of  Macclesfield  Ihe  occurrence  of  drift  and  boulders 
by  the  brook  which  flows  through  Wild  Boar  Clough  shows  that 
the  ice  passed  between  Shutlingslow  and  the  main  ridge  of  the 
Pennine  Hills.  Tho  peak  of  the  Shutlingslow  (two  miles  south 
from  f'orest  Chapel),  may  have  been  a  "nunatak  "  in  the  stream 
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of  ice.    K-  erratics  appear  to  have  been  recorded  from  tlio  top  cheshhe. 
of  the  liiain  ridge,  and  probtiMy  the  long  escrirpment  formed  by  i^^f-  1* 
the  third  gi  it,  which  rises  to  a  height  of  more  than  1,800  feet  m  P*'*'^*'^') 
Shining  Tor,  barred*  the  progress  of  the  ice  to  the  east 

Besides  the  isolated  patches  of  drift  at  hi^h  levels  a  series  of 
mounds  of  sand  and  gravel  was  met  with  in  flio  Langley 
Valley,  two  miles  south-east  of  Macclesfield,  about  700  feet  above 
the  sea.  They  are  composed  of  tho  same  materials  as  tlv>  (h-ift 
at  higher  levels  and  taketlie  form  of  conical  heaps  or  undulating 
ridges,  more  or  less  p^irallel  with  the  trend  of  the  valleys.  Their 
form,  and  mode  of  occurrence,  at  the  point  where  the  valley 
opens  out  on  to  the  lowlands  of  Cheshire,  recall  the  kames  of  the 
South  of  Scotland.  They  apnear  to  have  suffered  little  denuda- 
Uon  since  they  were  deposited.  They  may  have  been  formed  by 
torrential  waters  at  a  time  when  the  ice-sheet  barred  the  mouth 
of  the  valley,  and  the  pressure  from  the  north  was  not  strong 
enough  to  force  it  over  the  tops  of  the  hills. 

In  the  Hilderstone  distriet  drift  occurs  sparingly  on  the  tops 
of  the  hills,  which  rihc  to  700  feet  above  the  sea,  and  also  in  the 
bottoms  of  the  vaUeys,  but  the  slopes  are  genexally  free  from  it 
Ice-worn  sur&ces  were  met  with  near  Fulford  which  indicate 
that  the  ice  passed  do^vn  Fulford  Dale  in  an  east-south-east 
direction.  The  drift,  which  is  of  the  type  described  by  Mr. 
LAMPLUGir*  is  mainlv  enrfi|)ORcd  of  Jeftris  of  Biinter  |>>l)ble-beds 
with  a  mixture  of  red  clay  where  its  rests  on  the  Keuper  Marl. 
The  occasional  presence  of  striated  pebbles  from  the  Lake 
country  clearly  indicatciJ  its  glacial  origin. 

In  tne  Crewe  district  the  chifb  is  of  Uie  type  common  all  over 
the  Cheshire  Plain.  It  is  not  more  than  40  feet  thick  near 
Crewe,  but  is  much  thicker  elsewhere.  The  false-bedded  sands* 
which  occupy  a  larger  area  than  tl  (  1  ly  in  this  district,  can  be 
traced  contmuouslv  from  Crewe  Park  through  AVeston  and 
Wybunbury  to  WiUaston.  Here  and  there  in  l)roi>k-sections 
they  may  be  seen  to  oceujjv  :i  ]  osllion  l)etween  an  upper  and  a 
lower  boulder-clay.    But  a^  u  ruiu  this  is  not  the  case. 

The  three-fold  succession  described  by  Mr.  De  Range  in  his 
Memoir  on  the  Drift  of  South-west  Lancashire,  where  the  upper 
clay  rests  on  an  irregular  surface  of  middle  sands,  or  of  a  lower 
day  which  closely  resembles  the  upper,  may  hold  good  in  the 
Crewe  distriet.  But  the  ditlieultv  of  distmcniishincf  the  two 
clays  makes  it  impraetieahle  to  establish  such  a  relation,  or  at 
least  to  use  it  for  purposes  ut  mappinci'. 

Of  the  erratic  boulders  found  in  the  course  of  Mr.  Pocock's 
work  last  season  the  great  majority  belong  to  the  same  rocks  as 
those  described  by  Auu  Harker  in  the  Summcmj  of  Frogrm 
for  1898.  Sobie  of  the  others  were  submitted  to  Mr.  Peaoh, 
and  were  considered  bv  him  to  belong  to  the  Silurian  grau- 
wackes  and  granites  ot  the  south  of  S(  otland.  Another  may 
have  been  derived  from  the  Calcil'erous  Sandstones  of  the 
Border-country. 


*  Siunmat'y  qf  Progress  for  1898^  160. 
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Hampsiiire  Basin. 

^.ClemoDt  '^^^^  Drifts  mapped  by  Mk.  Clement  Keid  in  the  Avon 
Valley  consist  in  tne  maiii  of  tier  above  tier  of  gravel  terntces, 
the  mghest  of  which  rises  fiiUy  300  feet  above  the  Avon,  and 
not  improbably  dates  back  to  Newer  Pliocene  times.  These 
higher  gravels  are  mainly  preserved  on  ilic  cast  side  of  the 
river,  and,  as  is  the  case  in  ail  tho  Uampshire  JBasin,  the  gravels 
nearly  ecasc  where  the  Chalk  crops  out.  The  reason  why  tho 
ancient  \  alle\'  gravels  are  so  commonly  contined  to  the  iiOcene 
area,  and  suiicely  cross  over  to  the  Chalk,  is  by  no  means 
obvious,  though  it  is  proimbly  duo  to  the  peculiar  typo  of 
denudation  which  took  place  under  an  Arctic  climate,  when  the 
undulating  surface  of  the  Down  was  frozen  and  no  longer  per- 
vious. The  100  foot  terrace  (about  100  feet  above  the  Avon)  is 
the  lowest  of  the  gravel  terraces  here  referred  to.  It  is  a  con- 
tinuation of  the  Bournemouth  sheet,  and  contains,  like  that  sheet, 
Pala^olitiiic  implements. 

The  Yalloy  Gravels  can  sometimes  be  divided  into  two  or 
three  terraces,  as  Mr.  Wes  i  lake  has  already  shown ;  more  com- 
monly they  form  a  continiiDiis  slope,  rising  40  or  50  feet  above 
the  river,  where  the  terrjice  abuts  against  the  sleep  bhift"  which 
everywhere  borders  tho  Avon  Hat.  These  gravels  yield  remains  of 
Mammoth,  and  also  rare  PalfleoUthic  im^ements ;  but,  like  the 
older  series,  they  are  usually  decalcified,  and  show  no  trace  of 
fossils. 

In  the  adjoining  Dorset  area,  mapped  by  Mb.  Dixon,  a  few 

outhers  of  the  high  terraces  are  to  be  found  ;  but  the  highest  18 
only  240  feet  above  the  river,  and  is  probably  somewhat  newer 
than  the  sheet  over  which  the  Downton  and  ISouthampton  road 
passes. 


Sussex. 

(Mr.  In  the  area  of  Sussex,  which  litis  already  been  referred  to  (p.  135) 

Lamplugb.)  as  having  been  mapped  last  season  by  Imt.  Lahplugh,  the  oldest 
superficial  deposit  is  a  coarse,  flinty  rubble,  which  forms  an 
irregular  capping  on  plateaux  of  limit  rd  extent  on  the  Folkestone 
and  occasionally  on  the  Sandgate  Beds  south  of  the  Bother 
valley.  Tlirs.'  little  plateaux,  mueh  dissected  by  erosion,  slo{3e 
t^eutly  Udrthwaid  (in.,  away  troin  the  South  Downs),  Im!  end  oft* 
bo](ll\  above  the  drpression  occupied  by  the  Gault  in  sleep  l)hitts 
.simulating  an  esciiipuieiit,  sometimes  50  to  80  feet  high.  The 
rubble  on  these  plateaux  has  an  extreme  depth  of  nine  or  ten 
foot  in  "piped"  hollows,  but  is  oftener  a  mere  ragged  film, 
through  which  the  underlying  formation  continually  breaks. 
It  is  best  developed  on  the  commons  of  Heyshot>  Ambersham, 
GraftTiam  and  Coatcs,  and  is  much  dug  for  road-mending. 
This  material  was  a  subject  of  discussion  nearly  lifty  years  ago 
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by  SiB  R.  I.  If  DRCHISON  *  and  more  recently  by  Mr.  J.  V.  Ei-sDEx  f 
Its  accumulation  probably  dates  back  to  tnc  Glacial  Period,  and 
muHt  have  taken  place  under  peculiar  physicivl  conditions.  That 
liiu  plateaux  liave  suftered  very  little  surface-erosiuu  since  pre- 
historic times  is  sho\m  by  the  po.siiion  of  the  tumuli  on  some 
of  the  spius  ovwlookmg  the  Gauit  depression. 


South  Wales. 

The  following  summary  of  work  of  Messrs.  Str  ah  an,  Tidde- (Mr.Strahan 

MAN  and  (  'antriij.  last  scusou  aniontf  the  Pleistocciio  phenomena  '''^^''ft", 

•  .  .      1     iir  1      1        I  1  ^      1  t«  1    man,  and  Mr. 

ot  N)uili  Walps  luis  been  drawn  up  by  Mr.  bntAiiAN.    in  Canlrill.) 

pruviuus  liuports  reference  has  l>een  made  to  the  Brecknock 
escarpment  of  Old  lied  Sandstone  as  haying  been  no  less 
important  as  an  ice-parting  in  Glacial  times  than  it  is  as  a  water- 
parting  at  the  present  day»  but  in  the  iSwnwmry  of  Progress  for 
1898  several  fiwts  were  citod  which  suggf»t  that  the  western  end 
of  that  escarpment  was  crossed  by  the  ice  by  way  of  the  Crai 
and  Tawyneii  valleys.  Fiu'ther  evidence  of  snch  crossing  has 
been  obtained  by  Mr.  Caxtkjll  in  Cwrn  Garw.  Ho  iinds  that 
ill  that  valley  the  ice,  as  sliown  by  striai  on  rock  in  place,  moved 
in  a  general  southerly  direction,  and  that  the  valley  contains 
many  boulders  of  Old  Ked  Sandstone,  although  the  outcrop  of 
that  rock  occurs  beyond  the  head  of  the  valley  and  on  the  other 
(northern)  side  of' the  water-narting.  He  infers  that  the  ice 
overflowed  the  range  south  want  by  the  jxiss  of  Pen  rhiw  wen,  at 
a  height  of  1,618  feet,  and  that  thLsovei  tiow  must  have  been  duo 
to  the  Vale  of  Towy  having  been  tilled  with  ice  to  at  least  that  ^ 
height. 

Mr.  Cantkili.  notes  also  the  occurrence  of  many  striae,  rochcs 
moutanniea,  and  bevelled  crags  on  the  Mill&tono  Grit  west  of  the 
Gwys.  Tyle  Garw  shows  numerous  glaciated  surfaces,  the  striae 
indicating  an  ice-flow  down  (Jwm  Twrch  in  a  south-south-west 
direction.  The  high  Millstone  Grit  platc4iu  lying  between  the 
rivers  Tarch  and  Llynfell  is  glaciated  right  across  its  summit 
(1,656  ft.)  in  a  dircc  lion  tfjwards  south  15  west,  by  ice  which 
must  have  niowd  up  iroiii  somewhat  lower  ground  to  the  north. 

Alou|^  the  north-west  flank  of  the  ridge  kjuown  as  Tair  earn 
isaf,  stn»  have  been  recognised  up  to  a  beight  of  1,371  feet, 
with  a  direction  ranging  from  south  60*  west  to  south  15*  west, 
indicating  a  general  south-west  flow  parallel  to  the  Uwchwr 
Valley. 

The  undulating  plain  iinflerl-n]!  ]»y  tlie  lower  part  of  the  Coal- 
mcasuros  is  thickly  ov»'rspii'ud  by  a  Lough  ))liic  till  full  of  largo 
and  small  glaciated  boulders,  chiefly  of  Millstone  Grit,  but  with 
abundant  pieces  of  Old  Ked  Sandstone  and  Carboniferous  Lime- 
stone also.  Through  this  deposit  the  rivers  Giedd,  Gwys,  Twrch, 
and  Oynfell  have  cut  steep  sided  ravines  down  into  the  under- 

*  Quart.  Journ,  Geol.  Soc.y  vol.  vii.,  pp.  351-;iGl. 
t  Quart.  Jowrn.  OtoL  Soc^  voL  xliil,  pp.  637-666* 
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(Mr.  Strahan,  lying  rocks.  These  post-glacial  ravines  run  about  smith  IC-IS* 
Mr.  Tidde-  west,  aud  cut  obliauoly  across  the  gentle  ridges  into  which  the 
SriiL)  was  pUed,  which  run  west  10'  to  30°  south.   The  direction 

assumed  oy  those  ridges  prc^xires  us  for  the  &ct  that  the  main 
mass  of  the  Brecknock  Dnft  travelled  along  the  north  crop 
westwards,  though  some  also  certainly  found  a  way  down  the 
Upp<T  Clydach  and  Egd  valloys  past  Hbyd-^'-fro. 

'1  he  Tawe  Valley,  like  that  ot  llie  Neath,  formed  one  of  the 
main  outlets  for  the  Brecknoek  ]  )ritl.  Boulders  of  Old  Red 
Sandstone  and  Limestone  abound  along  its  whole  course,  and  are 
even  piled  up  high  on  the  hillsides  around  Swansea  Bajr.  Strise 
have  Deen  noticed  in  a  paving  quarry  on  AUt*wen,  400  feet  ahove 
the  hottom  of  the  vaUey  at  Pontacdawe»  and  at  ahout  the 
same  devation  on  the  top  of  a  sandstone-crag  west  of  Ynys- 
mcudwy.  On  Kilvey  Hill,  cast  of  Swansea,  there  arc  many 
glaciated  roek-surfaees,  but  none  on  which  strine  were  sutbciently 
preserved  to  be  recorded.  The  Brecknock  Drift  runs  up  to  a 
height  of  550  feet  at  least  on  this  hill;  it  is  doubtful,  in  fact, 
whether  there  is  any  ground  around  Swansea  which  was  not  over- 
flowed by  the  ice.  The  Drift  in  the  upper  part  of  the  Tawe  Valley 
may  be  described  as  a  till,  but  in  accordance  with  the  usual 
rule  it  gets  more  gravelly  farther  from  its  source.  The  })eulders, 
which  are  chiefly  anpilar  near  the  source  in  Rrf 'knock,  get 
steadil}'  rounder,  until  at  S\vansca  they  are  all  true  pebbles. 
The  wliole  deposit  also  changes  its  chanicter  and  assumes  a 
rough  stratification,  in  which  sands  alternate  with  pebble-gravels, 
whue  at  the  same  time  it  has  been  hea^  up  into  the  ri&e-and- 
hollow  form  so  characteristic  of  glacial  gravels.  This  form  is 
admirably  illustrated  from  Glais  downwards.  At  that  place  a 
0  great  dam  of  coarse  gravel,  reaching  io  a  height  of  about  100  feet 
above  the  alluvium,  extends  far  out  in  the  valley,  deflecting  the 
rivtn'  and  leaving  a  narrow  outlet  for  it  at  (^lydaeh.  Llansamlct 
also  is  hit  Hated  among  ukjuikIs  of  sand  and  unravel,  the  hollows 
between  which  have  been  tilled  up  by  flood-deposits  of  the  Tawe 
and  partly  by  peat 

The  Drift-dam  at  Glais  reproduces  the  nhenomena  already 
referred  to*  with  respect  to  the  Vale  of  Neatn.  The  sands  and 
gravels  seem  to  ha\  e  been  the  work  of  effluents  from  the  ice- 
foot, and  their  development,  esi>eciallv  in  the  form  of  a  con- 
spicuous ridge  such  as  that  at  Glais,  points  to  thc^  ice-font  having 
hnt^^'rcd  at  that  spot.  It  may  V)0  remarked  of  that  ridire  also 
that  it  presents  a  fairly  ircntle  slope  towards  the  north,  but  an 
extremely  steep  face  to  the  south.  It  therefore  has  exactly  the 
form  which  has  been  noticed  in  ice-foot  accumulations  at  the 
present  day,  the  gentle  slope  bein^  produced  by  the  advance  and 
retreat  of  the  ice  over  the  rubbish,  aud  the  steep  £m»  by  the 
extmsion  of  the  inatcrial  from  the  ice-foot. 

The  examination  of  the  superticial  deposits  of  (lOwer  by  Mr. 
TiDDKMAN  has  enabled  him  to  prove  a  fact  of  much  importance 
with  respect  to  the  relative  age  of  the  Raised  Beach  and  the 

♦  iiunmary  of  Progreu  for  1888,  p.  166. 
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Glacial  Deposits  of  the  neighbourhood.  This  relation  had  been  (Mr.  Stmfmii, 
discussed,  especially  by  Fafooner*  and  Prestwich,  but  in  consc-      '^'  ^  j';^ 
quence  of  the  researcboR  baving  been  carried  on  chieHy  in  con- oJJJ^rill.)  ^' 
nection  with  the  exploration  of  caves,  and  in  a  part  of  tbe  coast 
wberc  tbe  evidence  was  oV>scure,  Prestwicli  found  biinself  unable 
to  form  a  (V  r^idcHl  oninion.    From  an  examiiiation  of  tbe  coast 
bet  wren  J].i<  (.11  HoW  and  Mumbles  Head,  Mr.  Tiddeman  has 
salistied  bimsclf:  — 

1.  That  tbe  Raised  Beacli  is  pr©-  or  iTiter-txlacial. 

2.  That  the  bone-beds  which  rest  upon  it  in  Uio  caves  are 

continuous  with  a  layer  of  angular  debris  ("  head  ") 

whidi  lies  upon  it. 
dw  That  the  Glacial  Beds  lie  upon  this. 
4.  That  these  in  turn  are  oft  on  covered  with  a  deposit  of 

angular  debris  of  postrglacial  agC^ 

The  lowest  bed  seen  so  fiEur  consists  of  a  mass  of  i^^ubbles,  more 
or  less  crowded  with  shells  of  such  species  as  are  living  on  the 
coast  at  the  present  day.  The  peobles  consist  of  limestone, 
with  an  occasional  specimen  of  Old  Red  or  Carboniferous 
sandstoTie.  There  are  also  a  few  fra^^nnents  of  vcllow  flint  or 
chert  of  doubtful  ori<,nu.  The  coni^loinerat^  is  firmly  cemented. 
Tiiiii  deposit  is  overlain  by  a  foxy-red  sand,  which,  though 
impeisistent,  often  runs  for  some  distance.  It  is  evidently  a 
sand  blown  up  from  the  foreshore  and  sometimes  contains 
laiid«shells  {Helix),  which  abound  on  the  modern  blown  sands. 
Tbe  presence  of  this  bed  implies  a  sandy  foreshore  in  some  parts 
where  no  sands  are  found  at  low  water  now. 

The  next  denosit  rests  on  tbe  sand,  or,  in  its  absence,  on  the 
beach  or  on  tbe  solid  rock.  It  is  to  all  appearance  made  up 
entirely  of  broken  and  angular  limestone  from  the  crags  above. 
Its  thickness  -varies  i^eaUy  according  to  local  drcumstances. 
The  glacial  drift  which  rests  upon  the  last-described  band  offers 
a  remarkable  contrast  It  contains  but  little  bmcstone,  while 
Carboniferous  sandstones  and  pebbles  of  Old  Bed  Sandstone 
abound.  This  drift,  wbicb  sometimes  reaches  a  thickness  of 
40  feet,  is  in  some  plnees  made  up  of  rounded  boulders  and 
gravel,  while  in  others  semi-angular  debris  is  more  common. 


&088-8liire  and  luvemess-shire. 

During  the  past  working  season  fresh  proofs  have  beenSistmtlMr. 
collected  by  Mr.  Peach  in  tbe  eastern  parts  of  Ross-shire  of  ^•^•.^«*<^*'d 
the  magnitude  of  tbe  later  glaciation  ol  ibal  region,  to  which 
allusion  has  alreadybeen  made.f    Both  from  tbe  direction  of  tbe 
striffi  on  the  bare  rock-surfaces,  and  from  the  distribution  of 
the  boulders,  especially  those  of  the  conspicuous  Inchbae 

*  Pal.  Memoirs,  vol.  it,  mK  367, 366^  036. 

t  JSvmmarjf  qf  Frogreu  for  1896,  pp.  174, 176. 
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augen -gneiss,  it  is  manilesL  cliai  iho  ice  was  developed  on  such 
an  enormous  scale  that  the  eastern  margin  of  the  great  con- 
fluent glacier  of  the  Blaekwater  and  Gonan  rose  high  up  the 
flanks  of  Ben  Wyvis,  and  that  on  its  emergence  upon  the  low 
ground  to  the  south  of  that  mountain  the  ice  must  nave  fanned 
out  towards  the  east.  The  southern  slopes  of  the  hill  are 
terraced  with  successive  lateral  moraines;  strewn  with  boulders 
of  the  Inclibae  rock,  which  mark  successive  stages  in  the 
decrciise  of  the  glaciei'. 
Beauly  Dis-  The  glaciatkm  of  the  region  Iving  to  the  south  of  Mb.  Peach's 
trict.  (Mr.  L.  ground  has  been  studied  by  Mb.  Uinxman,  who  has  observed 
HinziiiMi.)  Qjg^t  jj^  ^^^(3  district  between  Stiath  Conan  and  Strath  Glass 
most  of  the  glacial  phenomena  are  again  found  to  belong  to 
the  later  phases  of  the  Glacial  Perioa,  few  traces  ha\nni»'  hoen 
detected  of  the  wtrliest  ^laciation  since  tliese  have  been  in  large 
measure  eft'aced  by  the  inrinrnutic  pflaciers  of  later  time. 

On  the  sunujiit  ridge  of  lilieimi  a'  Bh'ach  Ard,  in  the  8truy 
forest,  large  erratic  blodcs  of  muscovite-bioUte-gneiss  and  granite 
are  forced  up  to  heights  of  2^00  feet  These  must  have  been 
deposited  by  an  ice>sheet  coming  from  the  west  and  over-riding 
the  gen  oral  surface  of  the  country.  Hard  grey  till,  iilled  with 
angular  blocks,  underlies  the  later  moraine  deposits  in  the  Tip|x?r 
part  of  Gleu  Urrin  near  Aradio;  and  isolated  patches  of  a  similar 
early  boulder-clay  are  found  on  tlm  slopes  of  the  luL^hor  hillb 
north  of  Struy.  On  the  ridge  between  Scatwell  and  Glen  Orriu 
a  few  striffi  pomting  soutb-south-east  have  been  observed.  These 
indicate  an  ice-movement  across  the  main  valley  s^^tem,  and 
may  possibly  be  due  to  the  early  ice-sheet.  They  may,  on  the 
other  hand,  have  been  produced  by  a  branch  of  the  Strath  Bran 
glacier  coming  from  the  north  through  the  narrow  glen  at  the 

foot  of  Loch  Luichart. 

Tlui  lower  hilly  ground  to  the  east  of  Erchless  is  for  the  most 
part  bare  of  drift,  and  the  rocks  are  well  glaciated.  The  numeruus 
striffi  point  north-east  to  east-north-east,  a  direction  slightlv 
oblique  to  the  trend  of  the  valley.  The  glaciationof  this  area  and 
of  that  adjoining  it  on  the  north  may  be  assigned  to  an  early 
period  of  tlic  valley  glaciation— the  period  of  the  confluence  of 
the  Conan,  Orrin,  and  Strath farrar  glaciers  on  the  comparatively 
low  prrounrl  to  the  east  of  Erchless  and  Corricchallie. 

It  is  the  last  phase  of  the  valley  ice — that  of  small  individual 
glaciers  shrinking  up  the  glens — that  has  produced  the  most 
striking  glacial  phenomena  m  the  district,  in  I  he  lower  parts  of 
Glen  Orrm  and  Glen  Groibhre  the  terraced  lateral  moraines,  pro- 
duced by  the  shrinking  ice,  are  well  displayed  ;  and  a  particulm-ly 
fine  example  encircles  Cnoc  Judius,  the  steep  hill  of  conglomerate 
that  rises  west  of  the  farm  of  Auchmore.  East  of  this  point  they 
merffe  into  the  lateral  nicraines  formed  aloxvs  tlie  soutliem  edge 
of  tne  Strnthconan  frlflf  ici-  on  the  hill  slopes  above  Balavulich 
and  Ord  Mains,  and  descending  to  the  lower  ground  alK)ut  Ord, 
pass  into  a  series  of  fiat-topped  mounds  and  ridges  of  fluvio- 
glacial  gravel,  the  latter  Anally  spreading  out  into  a  fiui  and 
merging  into  the  deposits  of  the  100  feet  beach  between  H^h. 
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field  and  Muir  of  Ord.    Hif^dier  up  Strathconan,  the  terminal  Bcauly  Dis- 
nioraines  of  the  rctmitiu^  glacier  cover  the  bottom  of  tlio 
valloy  about  Scatwell,  and  immediately  west  of  Mairton  Mains 
can  06  seen  surrounded  by,  and  no  doubt  resting  upon,  the 
lOO-feet  beach. 

Liirge  boulders  of  the  Inchbac  augen-gneiss,  together  with 
I'l'icks  of  gneiss,  schist,  and  amphibolitc,  are  found  in  groiit 
numbers  about  Arcanon  the  sniofith  drift-novcrcd  ridge  between 
the  Conan  and  tbo  Orrin.  The  latter  rivor  seems  to  form  the 
southern  boundary  of  the  dispersion  of  these  augcn-gnciss 
erratics.  Eastwarus,  blocks  of  tne  same  rock  are  niuncrous  on 
the  southern  slope  of  the  Black  Isle,  mentioned  in  hs/tSnm- 
7na/ry  of  Progress  (p.  174).  Tlie  stone  circle  at  Oamuman  is 
formed  of  blocks  or  this  gneiss,  tojjcther  with  a  few  of  mica- 
trap  Avliicli  enclose  peT)blos  out  of  the  Old  Red  Conglomerate. 
Mr.  Peach  has  described  a  rock  of  this  nature  as  occurring  on 
Creag  a  Chaoruinii,  south  of  Loch  Gurve,  12  miles  to  the  west- 
north-west,  from  which  place  these  erratics  have  not  improbably 
beeu  derived. 

Among  the  glacial  deposits  of  Scotland  must  he  reckoned  the 
older  strand-lines  or  raised  beaches  which  form  so  marked  a 
feature  on  the  eastern  and  western  coastlines  of  the  country. 
Some  of  these  terraces  are  admirably  developed  among  the 
iK>rthom  firtlis  from  Inverness  to  the  hrirders  of  Sutherland. 
Uac  of  the  most  marked  of  them,  known  as  tho  100-feot 
terrace,  has  been  traced  by  Mr.  Hinxman  up  the  valley  of  the 
Conon  to  the  extreme  limit  of  llie  100  feet  contour  opposite 
Torradiilty.  Between  Maiybank  and  Clachuile  Inn  it  is  much 
denuded  and  sometimes  obscured  by  river  grayel.  Immc- 
diately  west  of  Muirton  Mains  it  forms  a  considerable  feature, 
and  nearly  surrounds  a  promontory  of  morainic  material  which, 
as  mentioned  above,  ap|>ears  to  have  Ix^^n  laid  down  upon  tlio 
pre-exlstincf  bra  eh.  At  tliis  point  the  lieach  is  com})(»s((l  of 
finely-laminated  Mill' and  grey  estuarine  clay,  in  which  marine 
shells,  not  at  the  time  identified,  were  obtained  during  draining 
operations. 

The  hollows  and  hill-slopes  in  Glen  Goibhre  and  the  Erchless 
Forest,  and  the  plateau  between  Scatwell  and  Glen  Orrin,  are 
occupied  by  peat  mosses  of  considerable  extent  and  thickness. 
Most  of  the  more  accessible  of  these  are  dn^  for  fuel. 

In    contimiMtion  of  his  previous  work   in   the  district  of 
Fannich  Forest  Mr.  Horne  mapped  some  woll-murked  groups  Fannich 
of  valley  moraines  in  the  Alihunm  Nid  and  Cabuio  Valley,  ^o'wt  riwI 
When  later  in  tho  year  he  transferred  his  station  to  Strath  [j^^^^^^^^^J^^  j 
Nairn  he  foimd  good  cvidonco  of  the  north-OAHterly  movement 
of  tho  great  mass  of  ice  which  em  erg(>d  from  the  (heat  ({1<mi  .md 
spread  out  over  the  low  groimds  of  the  Moray  Firth.  This 
evidenee  eonsisis  of  nM*k-slri;e,   tlie  transport  ot  materials  in 
the  boulder-elay  and  llie  (1is[)ei-Jsion  of  erratif  blocks.  The 
phenomena  of  the  later  glariation  were  i(l),s(^  rvrd  to  be  well 
represented  l)^  a  fine  development  ot  vailc)-  moraines. 

In  the  west  of  Inverness-shire  Mb.  Clough  has  gathered 
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Gleneig  Di8  further  information  regarding  the  gladation  of  the  mountainous 
tnct.  (Mr.  remon  to  the  south  of  Glenolj:^.  In  the  area  west  of  Beinn 
a'Chapuill  and  Ben  Sgriol  he  lias  not  observed  ranch  (h"ift, 
but  many  of  the  ^]otis  to  tho  east  show  extensive  tracts  of 
morainic  heaps.  Near  the  tops  ot  Ben  So-Hol  (3,196  feet)  and 
the  Saddle  (.'i,;U 7  feet),  and  some- other  hills,  he  has  observed 
flats  and  slopes  which  are  chiefly  covered  with  angular  or 
subangular  slabs  of  Mome-rocks  like  those  which  occur  in  Mtu 
near  at  hand,  but  without  any  admixture  of  stones,  which  must 
necessarily  have  been  transported  from  a  great  distance.  On 
the  south  slopes  of  the  Saddle  ice-strife,  pointing  west  and 
south-west,  were  noticed  at  a  lieij^ht  of  ahout  2,500  feet. 
The  to|)s  of  Ik'um  a'  Chapnill  (  2,421  feet)  and  of  Sj^urr  na  Lairo 
Brice  (2,326  feet)  sconi  to  liave  been  covered  by  the  ice,  for 
ice-strse  may  be  seen  close  to  the  top  of  each ;  the  direction  of 
the  strisB  on  Beinn  a'  Chapuill  is  south-east,  and  on  Sgiirr  na 
Laire  Brice  north*east  or  east-north-east. 

The  tcmxce  of  the  100-feet  raised  beach  is  well  seen  on  the 
south  side  of  Gleann  Beag  of  Glenelj^.  It  runs  for  nearly  a 
mile  and  a  lialf  above  the  month  ot"  tlie  glen,  and  appears  also 
on  thu  cuiist  near  An  Gurraban  and  Rudna  M6r.  Trie  liamlets 
of  Arnlsdale  and  Corran  are  built  on  a  raised  beach  which,  along 
the  sea  margin,  reaches  in  places  to  a  height  of  about  fort^  feet 
But  the  continuation  of  this  beach  inland  in  a  terrace-iorm  at 
the  sides  of  Arnlsdale  river  reaches  a  considerably  greater  height. 
On  the  north  side  of  the  river,  about  half  a  mile  east-south-east 
of  Arnisdalo  House,  within  the  area  of  tho  high  terrace,  various 
banks  and  mounds  are  to  he  seen  wliich  resemble  moraines.  They 
seem  all  composed  of  well-roundeil  gravel. 

On  the  south  side  of  the  same  river,  opposite  to  thesr'  mounds 
a  torrace-shapod  deposit  of  fine,  stonele:ss,  laminated,  sandy  clay, 
and  sandv  gravel  lies  at  a  height  of  perhaps  200  feet  above  the 
sea.  At  least  one  other  terrace-shaped  deposit  occurs  at  a  greater 
height,  but  its  materials  are  not  seen  in  section.  Possibly  these 
sediments  were  laid  down  at  the  side  of  an  ice-tongue,  which 
still  filled  most  of  the  vallev. 

On  the  west  side  of  Allt  Coire  Utlm  a  largo  landsliji  has 
taken  place.  It  appears  to  have  at  first  dammed  the  burn  back 
and  given  rise  to  a  small  lake.  But  the  site  of  the  lake  is  now 
filled  up  with  gravel  brought  down  b^  the  stream.  Other  land- 
slips have  occurrecl  on  the  south  side  of  Gleann  Beag  (near 
Balyraid),  and  on  Druim  Fada. 


Argyllshire. 

Glen  bpean  1^'*^'  glA<^iftl  phenomena  of  Glen  Spcan  and  tho  Great  Glen 
and  the  liavo  long  been  classic  in  geology.  They  have  never  been 
{Mi^Ci'^^t  ma[)pHl,  how<!ver,  in  a  detailed  survey  on  such  a  scale 

WUioiilT"  ^'^^  employ t'd  in  the  tiold-work  of  the  Cu'ulogi<;al 

Survey.  Mk.  Ghant  Wilsox,  to  whom  this  region  has  Ix  en 
assigned,  has  now  made  some  progress  with  the  mapping  of  the 
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supOTfieial  deposits,  and  lias  funiished  the  following  notes  Gin  Spem 
regarding  the  results  obtained  last  season.  One  m**^^^"^ SiSoien. 
feature  of  his  mapping  is  the  discovery  of  evidenco  for  the  (m^.  Qtmi 

former  existence  ot  a  succession  of  lakes  at  various  levels  below  Wikaa.) 
the  famous  "  Parall«'l  ({nnds,"  during  the  time  of  the  shrinkage 
of  tho  ice-barrier  that  gavf  nse  to  tlu  ni. 

No  characteristic  of  the"  regiuu  stands  out  more  strikingly 
than  the  proofs  of  the  enormous  magnitude  of  the  ice-sii  cams 
during  the  later  glaciation,  especially  on  the  west  side  ot  the 
Great  Glen.  At  thiEtt  time  the  ice  whiio  at  its  greatest  extension, 
must  have  formed  a  lar^e  confluent  glacier  or  ice-sheet  over  the 
OTOund  between  Loch  hil  and  Loch  Arkaig.  It  moved  eastward 
descending  into  the  wide  tflen,  and  leaving  traces  of  the  successive 
stagt's  of  its  decrease  in  the  form  of  large  lateral  moraines  which 
still  terrace  the  slopes  of  the  hills,  and  the  sides  of  the  valleys 
from  top  to  bottom.  So  vast  was  this  body  of  ice  that  it  actually 
crossed  to  the  south-east  side  of  the  Great  Glen.*  Bound  the 
township  of  Bracldetter  south  of  the  mouth  of  the  river  Spean, 
the  direction  of  the  rock-striai  is  from  east  15'  north  to  east  25* 
nortli ;  also  on  the  east  side  of  Loch  Lochy  to  the  south  of  Glen- 
fintaig  House,  the  stri;T3  vary  in  direction  from  south  fy"  cast 
to  south  25"  east.  Two  miles  inland  on  tlie  sonth-west  shoulder 
of  Sron  nam  lia,  a  tine  series  of  strife  lias  i>een  recorded  These 
generally  indicate  a  movement  in  the  direction  of  east  15'  to  35  S, 
and  that  the  ice  firom  Glen  Arkaig  had  passed  over  the 
hollow  now  occupied  by  Loch  Lochy  and  the  Dochanassie  district 
on  its  eastern  sia*  From  the  direction  of  these  dirterent  sets  of 
strife  it  appears  that  part  of  tho  ice  from  Jjoch  Eil  and  the  whole 
of  that  frorn  Glon  Arkaig  cr>nvcrgod  towards  the  S|x»an  vallev. 

That  the  movcmMit  ot"  the  ice  of  the  later  glariation  was  fronj 
west  to  east  over  this  district  of  Loehabcr  is  lurther  indiciited  by 
an  analysis  of  the  contents  of  the  moraines.  On  tho  Fort 
Augustus  Railway,  below  the  Free  Church  of  Kilmonivai^,  a 
cutting  lias  recently  been  made  through  sand  and  gravel restmg 
on  packed  morainic  dotritua  As  the  material  was  removed  the 
boulders  of  the  moraine  were  placed  on  one  side.  A  careful 
examination  showed  that  fully  95  per  cent,  of  them  consisted  of 
various  rot  ks  that  oi  cur  hi  si(>i  towards  the  west.  A  similar 
result  has  been  obuiined  from  an  examination  of  the  moraine 
sections  exposed  on  the  roadside  thai  lejids  from  Toriundy  to 
Linachan. 

Farther  proof  of  the  same  general  trend  of  the  ice  has 
also  been  collected  in  a  study  of  the  morainic  dftritus  which 
filk  the  bottom  of  the  valley  of  the  Allt  a'  Mhuilirm,  on  the 
north-west  slope  of  Hen  Nevis.  From  the  foot  of  the  hill,  for 
some  miles  to  the  east  of  the  waTershed,  the  undt  rlying  rock  is 
granite,  while  the  njoraines  are  almost  entirely  made  up  of  rocks 
irom  the  Loch  KU  basin  and  the  country  to  the  west.  The  ice 
has  here  not  only  carried  the  morainic  uctritus  across  the  wide 
valley  from  Corpach  to  Inverlochy,  but  also  up  tho  slopes  of 


*  See  Mr,  T.  F.  Jamaeson's  paper^  Quart.  Jimm,       Soe,,  vol  xix.,  p.  235. 
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Glon  Spoan  Ben  Ncvis  to  a  height  of  at  least  2,000  feet  above  sea-leveL  It 
Griit^Glen.  evident  that  rlnnnp^  this  period  of  glaeiation  the  local  glaciers 
(Mr.  (inint  that  emamited  ironi  the  Ben  Nevis  range  could  only  have  been 
Wilson.)  insigiiiticant  in  size.  Indeed,  at  no  time  could  these  irlitciers 
have  been  large,  seeing  that  the  vi^^ae-iield  of  thib  range  is  so 
limited  in  extent. 

During  the  past  season  numerous  ohseryations  have  been 
made  by  Mr.  Grant  Wilson  in  illustration  of  the  later  stages  of 
the  ice  as  it  melted  back  towards  the  west,  and  the  physical 
features  that  it  gave  rise  to  in  Glen  Spcan.  To  the 
north  of  S^pcan  Bridge  the  (SS.'i-fcct  Parallc'l  Road  is  not 
correctly  laia  down  on  the  one-inch  Ordnance  map.  It  should 
end  about  haU  a  mile  further  to  the  ea^it  than  is  there  repre- 
sented. To  the  south  of  this  point  a  well-marked  terrace  at  the 
level  of  420  feet  extends  from  behind  the  house  of  Tirandrish  to 
the  foot  of  Glen  GoUarig  in  Glen  B.oy,  This  terrace  is  composed 
either  of  fine  sand  or  of  glacial  silt,  and  where  the  Allt-na- 
GrTidiareach  has  cut  a  deep  trench  across  it,  the  following 
section  is  exposed : — 

Ft  In, 

Sandy  soil  .      -      -  81  5 


Light  brown  placial  silt,  Inininatofl  ,with  a  few  stones-  2  0 

Fine  clean  gravel,  stones  up  to  the  iuze  of  peas  -      -  0  5 

Very  fin©  clean  soaTp  aaad  ♦   16 

Gravel,  sharp  and  cimn      -      -      -      -      -      -  06 

Sand  with  urrnvol  bands      -      -       -      -      .      -  o  9 

Light  brown  glacial  silt,  laminated  witli  atones  -  -10 

Gfavel,  sharp,  bottom  not  aeen   3  o 


10  8 

A  similar  terrace  at  the  same  level  has  been  traced  on  the 
south  side  of  the  River  Spean  from  a  point  opposite  Tirandrish 
round  by  KiUiehonnet»  thence  up  the  Cour  Valley  and  AUt-an- 
Loin  till  it  mer^  into  the  flat  which  marks  the  site  of  Loch 
Lianachan.  Frmging  the  south -side  of  the  Allt-an-Loin,  this 
termcc  forms  an  extensive  flnt  to  the  south  of  Dalnahie  and 
contiimos  up  tho  valley  an  tar  as  a  point  opposite  the  Komaa 
Catholic  Chapel  of  Glen  Spean. 

At  many  points  around  Dalnabie  numerous  landslips  and 
cuttings  show  the  terrace  to  be  composed  of  fine  glacial  sUt  or 
sand,  and  in  some  cases  these  rest  upon  moramic  detritus. 
Between  the  Tlomaii  (yatholic  Chap(  1  and  the  foot  of  Glen 
CoUarig,  a  well-marked  Hot-topped,  broad  terrace  lies  around 
the  west  foot  of  Mcjxll  Dhoire  with  its  shore  marLnii  reaching  to 
a  height  of  alx)ut  420  f^ct  At  the  roadside  below  Auchaderry* 
its  slu[)e  towards  the  ihu  p  water  of  the  lake  is  seen  to  consist  of 
20  feet  of  tine  white  glacial  sand  in  thin  horizontal  layer's, 

Thest)  three  portions  of  a  terrace  appear  to  mark  the  site  of 
another  glacial  lake  in  Glon  Spean.  which  stood  at  a  height  of 
420  ,il>nve  the  present  sea-leNi  l  When  the  ice  which  formed 
the  barrier  of  the  Soo-feet  lak<'  i)ad  suthciently  diminished,  its 
waters  would  tiud  their  way  out  in  the  direction  of  the  valley  of 


*,0p.  ctt.f  p.  201. 
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the  Limdy»  at  the  same  tituo  ilcnusiting  the  large  aiscuiniilation  t;iuii  .S|>ean 
of  false-bedded  saods  and  gravels  whicli  are  foimd  at  the  head 

of  the   Kivur  Luiidy   botwet  n   Torr  Sonnachain  and   S«^or  (iiSf'(ji!int* 

a'  I'lioanais.    The  855-fect  lake  of  (ikn  Spt>an  and  Glen  Kov  Wilioii.) 

would  thus  he  rechu-pfl  to  th<^  420  <;M>t  ]ukf>  of  Cilen  Spcan,  with 

its  ire  harrifr  strelchiiig  atiu,'-s  the  Spiitii  \'all(>y  at  Timndrish, 

The  surplus  water  of  this  lower  lake  woulil  escape  over  the  (^ol 

420  feet  at  the  south-west  comer  of  Lake  Lianaehau.  The 

barrier  at  Tirandrish  must  have  been  entirely  nomposed  ot 

ice,  for  no  terminal  moraine  extends  across  the  valley  at  this 

point. 

The  next  stage  in  the  retrocession  of  the  ice  sheet  from  the 
Spean  Valley  is  marked  by  the  lowerini^  of  the  420-feet  lake 
and  its  replacement  by  that  of  liiii)  feet.  This  later  sheet  of 
water  WHS  al)out  5.^;  miles  Ioiil,'  with  an  average  breadth  of  half 
a  mile.  It  stretched  from  liraekletter  to  the  loot  of  Glen  Hoy. 
On  the  north  side  of  the  railway  viaduct  the  line  jpasses  into 
a  cutting*  250  yards  long,  which  gives  the  followii^  section 
of  the  matcriala  deposited  at  the  bottom  of  this  lake. 

Kt.  In. 


Fine  gravel      .      ....  3 


Fine 
Fine 


o 


ainiTiatodlirown  silt  witli  u  feu  stones  -  20  0 
aminaUid  blue  silt  (contorted  l>y  shore  ice) 


bottom  not  seen  3 


ae  5 

Both  the  brown  and  blue  silt  are  arranged  in  fine  horizontal 
lamime,  and  through  both  are  scattered  a  few  gluciated  pebbles. 
At  the  foot  of  tho  sloping  bank  the  silt  has  been  contorted  and 
folded,  possibly  by  the  effects  of  the  stranding  of  ice  during  the 
period  of  deposition.  Around  the  church  and  the  house  of 
blairour,  numerous  pit-sections  show  that  the  waters  of  the  lake 
hen;  denosit(  (l  banifs  of  tine  glacial  silt  an»l  sand  with  scattered 
ghieiated  peMdes.  From  the  road-section  l>elow  the  chturli  the 
thirkiK  ,ss  of  the  he  iistrim-  deposit  is  seen  to  be  a^Miut  50  Icet. 

On  tlie  soutli  side  of  the  river  Mroiual  iJalnabie,  tbe  finer 
deposits  Ictt  by  this  lake  have  been  denuded  by  the  Kiver  Spwm, 
and  are  replaced  by  the  coarser  and  more  recent  alluviiil  gravels, 
but  on  tlie  north  side  between  Inveroy  and  Roy  Bridge  a  broad, 
well-marked  terrace  with  its  shore-edge  reaching  to  the  SOO-feet 
contour-liuo  has  been  preserved. 

When  the  lake  at  a  level  of  120  feet  was  sn])evse(l( d  by  this 
lower  lake,  the  iliver  Roy  at  the  foot  ot  its  Lfleii  •  ut  aw.iv  a 
portion  of  the  de])osit  laid  down  on  the  tioor  ot  the  higher  sheet 
of  water,  and  left  a  long  sloping  terrace  of  silt  covered  by  a  thin 
dofjosit  of  gravel,  now  louna  midway  between  the  two  benches 
which  mark  the  limit  of  the  respective  lakes. 

A  good  part  of  the  silt  and  .sand  deposited  by  the  muddy 
waters  of  tliis  lower  lake  has  since  been  wholly  or  }){irtially 
removed  by  the  stream  which  has  laid  down  in  its  place  at  a 


*  iSvuunai'y  ot  ProffyttM  lor  1898,  p.  171. 
9^71  1. 
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lower  level  tcriuct's  of  iojnM'  alluvial  gravel.  This  cli.mLri: 
is  uoll  sci'ii  in  the  railway  culling  (»n  the  south  sid.  ot* 
ihc  S|K'an,  whicli  passes  through  out;  of  the  upper  river- 
tenaces,  showing  curront-beddod  stroaia^gravcl  res»ting  un* 
confoniiably  on  a  denuded  surface  of  horizontally-bedded  glacial 
silt.  Tlie  harrier  which  impounded  the  waters  of  this  lake  ex- 
tended from  Brackletter  to  Torr-an-l'^jis,  and  was  partly  compo-sed 
of  ice  anfl  partly  of  nteniine-detritns.  At  tlie  (  ri>ss-roads  l»eIow 
Torr  aii-Kjis,  the  morain*'  has  a  heiglit  of  'Siii  feet.  On  the 
opposite  side  it  is  represt  iited  hv  the  ilat-topped  hill  of  Hraok- 
letter  (371  feet),  and  m  all  pr()ha))ility  once  stretched  right  across 
what  is  now  the  deep  river-gorge.  This  large;  accumulation  of 
nioraiuie  detritus  has  an  average  bn^adth  of  about  500  yards. 

In  a  railway  cutting  helow  the  Free  L'hureh  of  Kiimonevaig. 
ami  on  the  west  side  of  the  birrier,  it  is  seen  that  the  portion 
which  has  been  removed  l»y  the  river  consists  of  hard,  jwckod 
morainic  detritus,  cont^uning  large  lM)ulder«.  The  nioraint;  in  this 
cutting  reaches  a  height  of  230  feet  ahove  sea-level,  and  on  its 
denuded  top  there  rests  a  capping  of  false-bedded  sand  and 
gravel,  about  15  to  20  feet  thicK.  The  dam  would  th\is  appear 
to  have  l)een  lowered  U)  the  lop  of  the  moraine,  while  the  out- 
flowing water  deposited  the  sand  and  gravel.  The  surplus  water 
of  the  lake  tbuncl  its  way  into  the  Allt  Achadh  na  Dalach,to  the 
south-west  of  SjMjan  Bridge.  The  present  level  of  the  col  is  a 
little  over  270 feet,  but  when  th(>  l;ik<  overflowed  in  this  direction, 
there  may  have  be<»n  a  considerable  body  of  ice  resting  on  the 
col,  for  the  hottom  of  the  gnp  is  r  ovored  with  small  moraines, 
and  Im'Iow  x\uehnahol>anne  the  valley  is  eiossed  hy  three  large 
ridges,  r«unpose<l  of  morainie  del ritu.s.  These  movmds  more  nearly 
resemble  kames  than  onlinary  terminal  moraines.  They  rise 
above  the  usual  nioniino  hiflocks,  crr)ss  the  valley  with  a 
soqKmtine  course,  and  i  reep  up  the  rising  ground  on  noth  sides 
to  at  least  100  feet  higher  tnan  in  the  centre  of  the  valley. 
They  are  possibly  due  to  the  water,  which  nnist  havo  circulated 
upon,  within,  or  beneath  the  melting  ice-sheet. 

After  the  ice  finally  retreated  from  the  foot  of  the  Speaii 
gorge,  a  hrixo  glacier  would  seem  to  have  still  issiied  from  Glen 
Arkaig,  and  to  have  pushed  its  teuninal  face  from  C'luncs  to  the 
braes  on  the  west  side  of  Brackletter.  This  ice-liarrier  would 
raise  the  surface  of  Loch  Loehy.  That  the  lake  did  rcidly  stand 
at  a  higher  level  is  iirovcd  by  the  woll-definod  terraces,  35  feet 
aliove  the  nresent  level  of  the  water  between  Muconiir  and 
Glenfiutaig  House,  and  around  Blar-an-lochain. 

From  Dalmally  Mr.  Kynasion  was  able  to  map  the  drifts  and 

oilier  gla<  ial  pli"  nomena,  both  southwards  across  the  water- 
shed towards  Loch  Fyne.  and  northward  in  the  glens  that  drain 
into  Loeli  Awe  Fi-oin  that  part  of  (il<  ii  Shini  tn'Mresf  to  the 
Cladi<'h  Ihini  !i>  n;i(  .  !)  a  eojilinuous  series  of  nioi.iiiii<-  mountls 
acro.ss  the  inh  rveuing  divide  aiul  down  to  Loch  Awe  .si<le.  The 
ice  from  the  Ben  Bhuidhe  ground,  no  doul>t.  in  part  at  one  time 
travolle<l  in  this  dirtHrtion.  and  .spmul  eonipletely  over  the  hilU 


Dalmally 

Pistrict,'  (Mr. 
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between  Glen  Shira  and  Glen  Aray.    The  presence  of  a  larg('.  DainiiiUv 
boulder  of  rnoiizonite,  of  tht>  Iten  fihuidho  type,  at  the  head  of  l]'*J"ItV.n^J' 
Gleii  Aray  is  ot  mlorest  m  this  <  (»mioction. 

In  (tifii  Looby  tho  morainic  drift  is  ufll  iiinrkod  and  cxton- 
sivo,  and  good  scv  tioTi'^  of  tho  iuound;s  of  looiiu  material  may  bo 
seen  in  tho  railway  cut  lings. 

ill  the  Glen  (Jrcliy  area  the  lar^^cr  burns  AllL  Corric 

Bhiacar)  have  often  cut  their  channels  thrmi<(h  more  tlian  40  feet 
of  mixed  morainic  tnatcrial.  Continuous  morainic  deposits  may 
be  traced  from  i})o  h«  ad  of  Glen  Strae  down  into  Glen  Orchv  to 
tVi.  Ojist,  into  the  Black  Mount  on  the  uortli,  and  <^vor  into  (rlcn- 
kinglass  on  tl^»'  nortli-wost.  Tn  this  district  Ixuddors  of  rocks, 
}>osKcssing  characti  ristic  nn(]  oasilv  n  t  rMj^jiisablo  foaturos,  such  as 
nioazonitc  and  tlio  porphyritic  aiigilo-diurito,  show  tllat  thoir  dis- 
pursioa  Ixas  mainly  lollowod  thu  lines  of  the  greater  glens. 
Occasional  lai^  boulders  of  tho  Glen  Orchy  monzonite  occur  at 
Dalmally,  while  in  tho  more  immediate  neighbourhood  of  the 
parent  rook  u  lino  of  boulders  may  be  followed  in  a  sonth- 
westerlv  dinfction,  np  i  brajich  of  the  burn  in  which  the  lock 
occfirs  m  place,  and  up  tlx-  bill  slo|X's  between  that  branch  and 
(xlcn  Orchy,  to  a  heighi  ot  nearly  1,500  lect,  or  alniut  GOO  feet 
above  the  exjiosod  parent  rock. 

lu  the  district  around  Kihnelfort  Mk.  Svmivs  has  observed  that  K^'"?*?**!!! 
the  striation  on  the  ice-worn  rock  surface  has  a  general  east  and  i^yia&i!)  ^ 
west  direction,  varying  up  to  as  much  as  W.  45"  S.,  which  Is 
tlic  t  rend  of  striiu  a  mile  to  the  south-wost  of  the  village.   Tlie  ice  . 
is  thus  shown  tf>  have  moved  westwards,  and  to  have  int  lined  to 
the  s'>utb  of  west  ,  and  even  to  soutli-wcsf,  acc<»rding  to  the  form 
of  the  gnamd.    Tho  most  notieeid»ie  de|>jii  t  urc  from  this  <^'cn<  ral 
tren<l  was  obs,  rved  in  the  Pass  of  Melfort,  whieh  runs  nurib  and 
south,  and  svlture  tho  stria;  follow  the  same  direction.    As  a  rule 
these  ioe-markincH  have  usually  dis;ippiiarcd  from  the  exposed 
surfaces  of  the  knolls  and  crags  of  andcsitc,  owing  to  the 
weathering  of  these  \  <>1<  a l  ocks.    But  along  tlu'  sides  of  the 
sea-l«tchs  l>etween  tide^marks  they   are    often  wi  ll  preserved. 
11  lev  abomul  on  the  eminence  Carn  Duchara,  trending  towards 

W.  '20  -2.rs. 

A  few  additional  |)artieidai*s  reL'ardimf  the  irlaciatii)u  and  old  "( 
•  •  I  ^       o         o         o  I  urn  (Nil 

sea-niargins  of  the  Island  of  JiU'a  have  been  gleaned  by  ^^Ih.  \Yiu^iuyo„  > 

Wilkinson.   Further  evidence  has  been  obtained  by  him  of  the 

westward  movement  of  the  ice-sheet  by  which  the  island  was 

overridden.  This  consists  both  of  rock-striie  antl  of  the 
materials  of  the  boulder-clay.  Polished  and  striated  surfaces  of 
rock  are  common  at  all  luM'^dits.  Tliere  aie  indications  of  later 
glaciers  in  the  moraines  that  havt;  ponded  baek  the  drainage  at 
higher  elevations,  and  have  thus  given  rise  to  numerous  small 
tarns.  The  more  ancient  and  extensive  glacial  drift  consists  of 
boulder-cIay,  which  is  widely  distributed,  and  is  banked  up 
against  the  sides  of  the  higher  hills.  The  matrix  of  this  clay  is 
exceedingly  tough,  and  is  often  of  a  red  colour,  which  bleaches 
white  or  grey  on  tho  surface.  It  is  [)lentifully  charged  with 
well>rounded,   sometimes   striated,    btiulders    of  quartzito. 
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\  A.in<\  of  opidiorite,  ilolorite,  and  red  porphyry  rocks,  which  arc  all  found  in 
W'lt'  P"^^'^       ^^'^  i'^lnTid.    }\n\  there  occur  also  pieces  of  red  SiUid- 

'  stone  and  .indr^itc,  wliidi  may  have  come  from  the 
volcanic  dislricL  ul  Lorne.  The  west  coivsL  ui  .)ura  has  longlxHin 
celebrated  for  the  number  and  admirable  freshness  of  its  raised 
beaches.  To  the  north  and  south  of  Shian  Bav  they  form  a 
striking  feature,  also  at  the  entmnce  of  Loch  larbert,  and  for 
some  little  distance  alone  its  northern  shores.  These  terraces 
vary  in  el(;vation  fn>m  tlie  pre.sent  bea(;h  up  to  the  200  feet 
eontnnr  line,  which  they  do  nrit  |iass.  They  c'lnsist  of  well- 
rolled  .shiuj^lc,  whir'h  extends  in  p;it»  lies  lor  many  miles;  DO  per 
<  ent.  of  their  stones  are  (juartzite,  which  have  been  bleached  by 
weathering;  into  a  dazzling  white.  In  spite  of  their  low  elevation, 
they  thus  form  a  land-mark  for  a  considerable  distance  at  sea. 
They  stretch  out  either  into  plateaux  of  bare  shingle  or  moss- 
covered  fiats,  behind  which  the  ground  rises  laihrr  abniptly 
along  their  inner  margin.  Ihey  extend  inland  in  some 
instances  for  a  mile.  0<'(  iisionally  one  of  the  lower 
terraces  has  Ihm  ii  .i  sinriti  bradi  which  has  ponded  back  the 
drainage  and  now  appears  as  a  rampart  of  slimglc  with  a  small 
lake  l>eliind  it. 


Aberdeenshire. 

Decftide.  (Mr.  The  survey  nf  the  high  grouTuls  in  the  !ip]>er  part  of  Deesidc 
CunniDgbam  inchulcti  ti  e  ma])ping  of  the  vuriuiis  glacial  deposits  of  ihaj 
region  by  Mu.  Cl  nnin(.;ii.\m  Cuaiu.  lu  the  jwrtion  of  the 
Cairagorm  mountains  recently  examined,  he  has  found  later 
fflaciatlon  to  be  well-marked,  especially  in  Glen,  Luibe^^  where 
tne  moraines  are  noticeable  for  their  size  and  regularity  of 
fonn. 

fh(!  Lochnagar  district,  nn  the  rifl'jfc  dividing  (ilcn 
(ieldrr  iViim  (Ilcn  (liniock,  esidcni  c  of  an  al'icrmid  <lrainage 
has  lict  ii  ohiaiucd.  More  than  hall-way  up  Cilen  Cicldei',  at.  the 
lowcst  parts  of  the  ridge,  broad  Hat  cols  may  be  observetl.  Thev 
arc  triaiiguhir  in  shape,  with  their  apices  to  the  eastwHrd, 
where  they  terminate  in  sleep  dry  gullies,  which  form  the  heads 
of  small  burns,  tliat  tniverse  the  flat  hollow  of  Glen  Gimock 
and  flow  into  the  mainstream  of  that  valley.  ThCvSe  gorges  in 
the  granit*'  are  not  in  lines  of  faults  or  crushes,  and  under 
present  eoiiilit inns  cuuld  not  have  l)een  cut  hy  numing  WHtcr. 
as  they  do  nor  drain  any  appreciable  area,  ll  bcems  probahle  t  hat 
the  explanation  of  them  may  be  somewhat  as  follows.  The  ice- 
sheet,  moving  fixim  the  north-west ,  has  overridden  and  completely 
tilled  the  ^roat  open  hollow  of  Glen  Geldcr.  which  probably 
owes  its  wide  and  sludlow  shape  in  groat  part  to  guuuation. 
During  the  d«  (  liii«'  of  the  eokl  a  great  mass  of  ice  may  have 
remained  in  the  Imllow,  leaving  the  npp<'r  part  of  the  glen 
<-')niparatively  dear,  aii'l  'liveitiiig  the  drainage  over  tin.'  cols 
to  tne  ea.stward  and  imniiwartl.  where  a  similar  gully  is  seen. 
I*(issibly  a  lake,  or  a  number  of  small  lakes,  was  formed  in  the 
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upper  part  of  the  glen,  about  the  sides  of  the  mass  of  ice  as  it  Dee«ide.  (Mr. 
melted.  Dminage  to  the  westwanl  w.ts  1  tarred  by  the  high  Cunninjiiiauj 
ground  of  Lochnagsir.     If  such  conditions  were  maintained  ^"^'^'^ 

for  a  snfficicnt  i^oriod,  the  esciipinjif  water,  |XMiringover  into  Glen 
(limoek,  wonid  hnro  hoen  enabled  to  ent  ll)t>  L-'oi-fros  r<>t*<'rrod  to. 
The  material  hronght  (l<»wn  in  this  mannrr  v  nld  be  .sjMvad  over 
\ho  opon  exjMinso  of  (ilen  (lirnoek,  wbi<  h  niitv'  have  been  in 
grt  at  [«u't  froo  from  ice.  In  contirmation  of  this  su^<;e:stion,  it 
may  he  mentioned  that  the  superficial  deposits,  which  mask  the 
hollow  of  Glen  Gimock  are  almost  entirely  «  omposod  of  granite 
debris  near  th(^  western  rid^e.  That  the  northern  ice  mnst  have 
swept  into  (lien  Gelder  m  grwit  volnnie  is  proved  by  the 
nnmerons  traij^ments  of  schistose  rocks  in  the  drd't  of  that  glen, 
wen  in  its  upper  imrt,  where  no  sediintrntary  rocks  cmti  be 
detected  in  fiitti.  The  irregular  an<l  often  ill-defined  niominic 
mouyds,  which  ate  scattered  oyer  the  i^len,  consist  almost 
entirely  of  granite  <tfht*ii*,  and  were  profiably  formed  on  the 
sur&ce  of  the  ice,  and  were  dc{K)Kited  as  the  muss  melted. 


Dumbartonshire. 

While  the  revision  already  noticed  (p.  38)  was  in  progress  in  (^r.  cun- 
the  district  of  Loch  Lomond  an  opportnnity  was  afforded  nintrlmm 
to  examine  witli  souh*  care  the  niarm(»  fle]>nsits  \vhi(;h  have  ^•^M^-) 
long  been  known  t<>  exist  aloni*'  tlic  margin  ot  that  lake.  Atten- 
tion was  tirst  ealled  lo  these  deposits  as  far  Kick  ns  1823,*  and 
their  encloscil  faima  luus  more  recently  been  siudie<l  b^'  Messrs. 
Crosskev  and  RoBERTRON.f  In  his  recent  reyision  of  the 
dbtrict  Mr.  0(jnnimgham  Craig  tmood  the  deposits  where  they 
have  been  preserved  at  intervals  along  the  wi  stern  shore  and  on 
seyeral  of  the  islands.    Thev  nstiallv  lie  b(;low  the  50  !cf  t 
contonr-Unc,  hut  on  hu  h  L<^maig  apparently  rise  to  100  feet 
aU)vc  sea  level ;  they  are  nmch  denuded  and  cut  intr>by  streams, 
and  are  frequently  covei  d  by  river-aliuvitna  or  the  present 
lakc-bcaches.    Their  upper  paiA  usually  coiLsists  of  sandy  gravel, 
which  yories  in  coarseness  locally,  and  sometimoB  contains 
erratic  boulders  of  considerable  size.   Underneath  this  coarser 
matcriid  a  fine  yellowish  or  grey  elay  frecpiently  occurs,  with  a 
few  well-roimded  pebbles  an(l  marine  mollusca,  which  are  some- 
times found  in  the  position  of  the  liviir^  orrrfinism.    This  clay 
is  frecpiently  found  in  a  snmewhal  deuiide(l  ntate  under  more 
recent  deposits,  f.ff.,  at  Hossaiden,  where  it  is  covoretl  by  one 
foot  of  recent  lake-beach  gravel. 

Inch  Moan  and  Inch  Cntinn  are  denuded  remnants  of  a  sea- 
beach  which  apparently  stretched  almost  across  the  arm  of  the 
sea,  which  is  now  Loch  Lomond.  IntHi  Tuva  :ii  h  and  Inch 
Conachan  consist  of  seyeral  ice-worn  hummocks  of  rock,  joined 


*  Aflanis(ni,  Wr7'n.  S'»\,  vol.  iv. 

t  Tram.  Geoi.  .SW.,  O'lanyou\  vola.  ii.  and  iii. 
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{V.r.  Cuiiu  t<\«xutlu*r  l»v  and  lisinj^  tlirout^h  ihi  v  inurinc  de])  )sit.s,  which  01*0 
c/w'r  tluM-e  hreacliod  and  donudt'd,  and  cut  into  miniature 

clitls  ])y  flic  wave  arti«»n  of  tlu;  juvsont  lako. 

Ii'ossaidfU  and  tlio  iHU'llMTn  part  ot  Inrl)  Lniiaiu  air  iIk-  Im  st 
loc^dilii's  for  tluMnarini'  fauna.  Mk.  Alkhei*  liknuN.of  liiooni- 
ticld,  Lnss,  ha-s  kindly  supplied  the  fcUo^ving  list  of  .species, 
which  he  collected  on  Inch  Lonaig  ami  identified. 

( 'ffprhut  UUt  ndica, 
I'fffrn  isle  ixl  tritu, 
M  i/  fihis  niwi  iol  us. 
TffliiKi  ftnnds. 

Though  tlio  fossiliforous  clay  has  only  luten  ohscrvcd  at  h-vels 
h<  l»>\v  llic  ."iO-tcct  contourdinc,  tlic  fauna  points  to  cold-\v»'alhcr 
conditions,  and  the  tloiiosit-s  prolnihly  iMiloug  to  the  time  of 
the  100- feet  heach. 

North  (»f  Lu.ss  no  traces  ot  tlie  niarinti  deposits  have  l)een 
obKcrved  on  the  western  shore  of  the  lake.  It  is  possible  that 
the  narrower  up[>er  reaches  of  the  Loch  Lomond  were  occupied 
by  ice  at  the  time  when  those  8tinds,  gravels,  and  clays  were  laid 
down. 

County  Wicklow. 

(Mr.  Nolan.)  At  such  int<  r\als  as  o.nuUX  he  spared  from  tho  work  of  tlic 
oflicc  iu  Duhhn,  Mr.  Nolan  has  (ontinued  the  mapj)inix  ol  the 
superficial  drposits  in  the  rej^don  to  tlie  south  of  IJuhlTn  He 
finds  th;<f  ihu  district  immediately  west  of  the  hij^h  «^r(»und  that 
exU'ials  in  a  soutlierly  direction  ir<»m  IJallyi^ohkui  soutli-e^isL  ol 
Lugnaouillia  mountain  to  the  heights  west  of  Tinaholy  is  in 
general  a  rather  flat,  moory  tract,  gent  ly  sloping  from  tlic  hills, 
at  an  elevation  of  from  700  to  800  feet  aboA-e  tho  levtd  of  the 
sea.  Most  of  it  is  covered  with  scattered  stretches  of  peat-lwjg 
o\  i  ]•  dril'i  nf  local  ori<xin,  contsiining  ]Meees  of  uraiute  aiid  selnst. 
This  deposit  is  sandy  or  somewhat  clayr  y,  ]'a^^iiii,'  into  a  sandy 
houider  drift ,  whieh,  in  st>nit'  (»rt  he  nai  iow  si  n-a  111 -courses,  h.'?s 
h('«'n  hoaped  up  to  a  cousideraliit  depl  li.  The  hiulace  is  olten 
c.i  undM  red  with  blocks  of  gi-;xnite,  particularly  in  the  vicinity  of 
Moyno  C'liurch,  noith  (>f  Sandy  Ford,  and  westwards  to  the 
bonlers  of  ('(».  Carlow.  The  linH  sioiM'  gravel  of  thv  plain  is 
met  with  to  the  west  at  HiLjh  Park,  t  luce  nnles  north  of  Hackets- 
town,  whonc<'  it.  extends  soutliwards.  s(>ldoni  in.  this  district 
allainiu'j'  n  <5r'eater  liei'/ht  than  ahont  (»0t>  frot. 

On  tiie  i.|i|io-ii.-  or  s<  iiiJ  li-caslern  sid»;  ohiie  ridge,  wiiere  there 
is  far  le.^s  nioor  and  |nat-hog.  the  hftal  drift  is  usually  thicker, 
and  forms  long,  smooth  slopes,  well  cnliivntcd,  and  <liversitie<l 
with  trees  and  planUiiions.  In  the  valley  traverstui  by  the  rail- 
way, between  Aughrim  and  Tinaliely,  sand  and  gravel  prevail,and 
a  section  through  thes<  deposits  showing  rude  stratihcation  was 
noticed  at  Tinahely  railway  station.  Thes(»  san<ls  and  grnveU 
are  of  local  derivation  and  contain  no  liniestone  fragments, 
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Alihough  the  rocks  in  ihis  disirict  are  chiefly  gruuite,  and  con-  (Mr.  NoIad.) 
sequentlylittlo  calculatod  to  retain  ice-markings,yet  sonio  striae  are 
occasionally  scon.  In  tho  valley  of  the  Ow,  or  Aughrim  UiviT, 
ono  milo  soutli-east  from  Aghavannagh,  st  ri;e  iijay  Ik?  ol)s«n  ve<l 
that  l>ciir  north  and  sonlli,  while  at  Hallymanns  Hill,  n«5ar 
Au^'hrini,  and  on  tho  h^itrhts  al)ovv  Bdlinirlrti,  thr  (n-nd  is 
tf>\vnr<ls  Konth-oast.  Thrsc  scoring's.  cMrii  viMMuliui/  ^rcnorally 
vviili  ilios.  ohsorvod  in  nortlu  rn  Wit  kiow.  (  unlinn  the  «;ouclusion 
that  tlic  direction  of  tluj  ice  flow  in  this  part  of  Jjcinster  was 
southerly,  inclining  to  south-cast 


RECENT.  . 

In  th*j  forc'^oini^  ]);i'^'"os  r<''r<M'«'n(*os  h.iv  c  hccn  ni;Hl<'  t<>  s«>mo  of 
tho  Jloccnt  t'oniinl  ions  iiirt  \k  \\\\  in  (Ik- c-imsc  <>t'  t  In- tiold-work 
last  in  adciition  to  these  tho  loiiowinij'  briot  noto^  arc  lioro 

given. 

In  the  district  of  Sussox  between  Midhurst  and  Fulborough,  ^""^^ 
recently  mapped  by  Mb.  Lamplugh,  it  is  noted  that  as  the  *' 
Lower  Greensand  of  that  tract  doos  not  atVord  much  i^mveU 
niakin}^'  material,  tho  plateau-drift  has  lormod  tho  chief  .source 
of  tli<;  latf^r  VMlIfy-i^ravols,  ( 'on.s(Hju«'ntl y  ;ilfhoii»rh  terraces  of 
erosion  are  soniclimes  well-marked  .iloujjf  tlie  prin(  i));d  valleys, 
there  is  usnully  very  little  gravel  uiHrn  them  exf^epl  around  tho 
mouths  of  tributary  streams  which  have  erodctl  the  plateau- 
drift  Impersistent  valley -gravels  occur  hero  and  there 
alon^  the  course  ot  tho  Bother,  at  various  elevations  up  to  40  or 
50  toot  above  tho  present  stream.  Eastward,  towards  the 
junction  of  tho  llotlier  and  the  Arun,  these  terrace-gravels 
attain  a  Avider  development,  and  as  the  plaleau-drift  sinks  to 
lower  (>l(*vations  in  this  direction,  there  is  some  ditiiculiy  in 
distinguishing  betwociu  this  drift  and  the  liiglier  patches  of 
val  lev' -gravel. 

Wnile  mappino'  tho  older  rocks  of  the  south  coast  of  Cornwall,  Falmonth 
Mb,  Hill  nas  likewise  traced  the  superficial  accunudations  ^^^"Jj-ii^*'^ 
which  in  post-Tertiary  tiuio  have  been  iorm<'d  more  especially  *  *  * 
in  the  inlets  by  whicli  these  shores  are  indented.  He  n(3tes 
that  the  upper  ]>Mrts  of  tlie  tidal  estuaries  are  mostly  Hlled  with 
;\  de  posit  of  brown  mud,  fonn^Ml  from  the  <lecomposition  of  the 
8ial»  s,  and  (unit-d  seaward  by  streams.  Amongst  tliose  deposits, 
tliat  of  the  estuary  of  the  River  Fal  cidls  fur  special  notice  ou 
account  of  its  belnff  likely  to  turn  out  of  consiaeroblc  economic 
importance.  TheTal,  for  part  of  its  course,  cuts  through  the 
mass  of  the  St  Austell  granite,  and  receives  the  (hainage  of  its 
western  portion.  As  this  granite  is  in  a  highly  decomposed 
condition,  it  readily  len<ls  it.self  lo  tlir  processes  of  denudation, 
in  .striking  contrast  to  fhe  n<  i'_^!il»onrinu'  slates,  which,  in  com- 
pari.son,  disintegrate  slouly,  so  ihat  iho  detritus  from  the 
gi'anitc  forms  the  principal  [xirt  of  the  deposit.  The  decom- 
position of  the  felspar  has  resulted  in  the  formation  of  deep 
deposits  of  argillaceous  material,  which  is  mixed  with  the  sand 
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Falmouth      and  muvol  ot' I luM  si  u.ii  \ ,  ;hhI  inclndes  beds  of  iinpuro  kaolin, 

y'll'^'Sun'^  the  (k'posir  of  \vlii<  li  is  nt»w  «  oiiNi(lt'r;il)ly  jiocolornkHl  l^y  the 
dniiiiji^e  of  the  wjistu  water  from  ihe  (jliinu-elav  works.  TliLs 
water,  naving  a  white,  milky  look}  is  clmrgcd  witii  kaolin  of  tlto 
very  tinest  texture,  which  has  escaped  in  f>uspcn»ion.  The  clay 
of  the  estnarinc  deposit  is  of  a  white  and  ]>!de  yellow-i^-ev  colour. 
The  bods  of  Hand  and  ^avcl  with  which  it  is  mixed  consist  of  the 
coarser  j^Muitie  <le(ritns,  nnd  nre  most  frequeiU  at  tlie  hejid  of 
the  estuary,  and  alitnLr  ihe  hordtMs  fif  its  channel.  A  faffory 
has  licen  estjihhslied  on  tlie  Iwinks  lor  the  manufacture  iff  hri»  ks, 
whiiih  are  liirgcly  used  in  the  locuhty,  and  works  are  at  present 
being  started  for  the  mamifacluro 'of  earthonwan%,  which,  if 
remimerativo,  will  create  n  new  industry'  in  the  ilistriet.  The 
clay  suitable  for  this  nurnoso  extends  for  at  least  a  miU^  aloni^ 
the  estuary,  and  its  thickness  varies  Avilh  the  shelvin*":  of  the 
Ijotlom.  It  is  .it  present  hein^f  extracted  to  a  <ie|)l h  (^f  .it  least 
12  feet  holow  liiLjli-water  mark,  ami  this  depth  iu  many  ptirts 
may  he  cousidcrnldy  (exceeded. 

Wicklow^         iVhilo  t  racing  i  he  Drift -deposits  in  County  Wicklow  Mr. 

(.  r.  NoUnO  ^^^jj^^  y,^^  likewise  mapixd  the  extensive  tnuits  of  peat-lwg  of 
that  region.  It  has  alrojidy  been  montioued  that  much  of  the 
Drift  in  the  moory  uplands  1  :  * n  Aghavanna«jfh  and  Tinaholy 
is  covered  with  peat.  A  gootl  <leal  of  it  is  thm,  and  of  poor 
(pTalily,  hut  there  are  some  deep  hogs  where  excell<;nt  fuel  is 
')})t.iin<'(l.  Larj^e  tracts  of  pont  hoLf  cover  luost  of  the  Hoor  of 
the  VMllcy  between  Aughriio  an<i  Tinali(^lv,  thai  luar  thr  latler 
town  and  at  Bidlinglou  Ixing  nui(;h  utilised.  A  coHsid»aaiiie 
extent  of  mountain  bog  cap.s  the  hill  of  Ball^-maniis,  at  an 
elevation  of  1,200  feet  above  the  level  of  the  sea.  Roots  and 
hnuichos  of  trees,  especially  of  the  common  birch,  are  met  with 
in  these  bogs. 

An  extensive  deposit  of  river  alluvium  spreads  over  all  the 
lower  parts  of  the  Aughrini  nufl  Tinahely  valley,  standing  arms 
into  the  subsidiary  valkns.  As  just  n»rntione<l  niueli  of  its 
RUrfac(^  is  covered  with  peat. 


II.    PETlUXiKAPHKWL  WOHK. 

Some  'if  ihe  pelroL'! m jjlncal  work  of  the  Siu'vey  during  the 
past  year  has  Iw  - n  ('udKHln  tl  in  the  foregoing  pages  m  connection 
with  the  narraiiv*'  of  the  field-work  in  the  ditierent  districts 
when<e  the  rocks  examined  have  Imm  ol>tained.  But  some 
furthtn*  account  of  special  })cLrograjjhit;al  researches  lias  been 
rc8crvc<l  for  the  present  section  ol  this  Sttnumtry.  These 
researches  have  cmbrac^ed  both  microscopical  and  chemical  in- 
vestigation. The  specimens  of  which  the  mvestiLr.<  t  i<  'h  have  hei  n 
re(pu)ed  for  the  purposes  of  the  maps  and  memoii"s  of  England 
M!ul  Wales  and  Scotliind  have  l>een  studied  at  this  mu.seum  by 
Mi;  Ti:ai.i,  for  ihe  microscopical,  ami  Ity  I>t?.  I'(ii,i.aju>  for  the 
clienncal  analyses.  Tbose  necdc*!  for  lie  Iri^h  branch  of  the 
Survey  have  been  examined  hy  Mh.  H.  J.  Skvmoi  it  at  the  olHco 
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ot  the  Survey  in  iJuhlin.  The  cliief  iiilditions  to  the  rrick 
collections  of  the  Survey  have  l>een  imjmIo  in  Scotland  wht  n*  tlio 
Collectors  gathered  rock  spociuKUs  in  illustration  of  iho 
geology  of  the  counties  of  Arg}  H,  Invomess  (Skye),  lloss,  and 
Sutherlftnd.  A  niixnbor  of  tho  rocks  coHected  in  Scotland  by 
men) hers  of  the  staff  were  sUccd  for  niif-roscopic  cxaminAtion, 
and  havo  been  examined  and  described  by  Mr.  Teall  and 
Mr.  Hakker. 

The  total  nund»»T  of  sli(;ed  rocks  added  to  \hv  i^crrolno-irn]  'lermyii 
collection  at  Jeniiyn  Sirci  t  nnd(a'  Mk,  Tkali/s  cliait^f  dm  ini;  M^j^gum. 
the  past  year  is  45l).    Of  these  7{)  are  i^Jiglisli,  ^48  Scot  tish,  (Mr.  TealK) 
and  29  foreign.    The  foreign  rocks  have  been  sliced  for 
comparison  or  to  assist  in  answering  ('nquiries  addressed  to  the 
petrologiGal  dc|iartment  by   public  institutions   or  prirate 
mdividuals. 

Detailed  reports  on  2J^5  rocks  have  been  fin'nishe<l  to  the 
lield  <»fli<'crs.  Tlio  remaining  speeinieiis  h.ivcM'il  her  l.ceii  (!<  ;dt 
Willi  l»y  tlx'  lield  «>lli(*ers  or  ut.il  i.sed  lor  the  purpose  ol  la  I  »cJ  ling 
Musouiii  speiMuiens. 

The  English  collection  of  rock-slides  at  Jeruiyn  Street  now 
numbers  8,2(i5»  the  Scottish  }i,4)78,  and  the  foreign,  451. 

Tho  final  revision  and  [nenaration  for  llie  press  of  the 
petro^niphical  work  on  the  Lewisian  gneiss  has  boon  com* 
pie  ted. 

A  series  of  niieroseopie  slides  of  roek*^  t'mni  British  (ruiann, 
forwarded  by  Proi  essok  J.  1>.  Hahhison,  of  th'-  (iuvernnient 
Laboratory,  (Jeorgetown,   has  been  examined  and  reported 
.upon. 

The  1,0  adual  substitution  of  the  New  for  tho  Old  Scries  of 

one-inch  maps  has  rendererl  necessary  fbe  rcela.s.sification 
of  the  English  petrographituil  collection.  This  has  been  done 
by  Mr.  Rhodes,  a,ssist^uit  in  the  Fossil  Department  during  tho 
past  year.  All  the  KTit^lisb  and  Welsh  rocks  are  now  clas.siticd 
iiccording  to  the  N<  u  St-ries  of  map.s. 

The  principil  work  in  the  Rock -room  of  the  Jeruiyn  Street 
Museum  has  been  the  relabelling  of  the  Silurian  rocks  of 
Ayrshire  and  Dumfriesfthu*e,  and  of  tho  Carboniferous  volcanic 
rocks  of  Soothmd.  This  work,  which  has  boon  carried  out  by 
Mr.  Rhodes,  under  Mr.  Tkali/s  supervision,  necessitated  tho 
preparation  of  many  new  and  tbimiing  down  of  old  sections, 
which  were  unsuitaltlc  for  precise  jM^trogra pineal  detennination. 

A  series  of  speeiniens  illustrating  nxtk-striK  t iire  in  the  Isle 
of  Man,  collected  by  Mil.  Lampi.iuji,  hab  been  added  to  the 
stniciuro  case  in  the  rock-room. 

Mr.  a.  W.  Clavden,  M.A.,  F.G.S.,  Principal  of  Exeter  Univer- 
sity College,  has  presented  to  tli«'  Mus(nim  a  siiries  of  s[)ecimens 
of  the  Permian  voleanic  ro<;ks  of  the  Kxetc^r  district. 

In  the  Dublin  OfHee  of  the  (Tcologieal  Survey  dvu'iug  the  past  Dublin Ottioe. 
year,  ^fi:.  II.  J.  Si:vMnrji  has  examined  and  r(  )>orted  on  -'^ ^ 
thin  sliees  (»l  rock.s,  while  170  new  slides  wei-e  pi-<  ji;ire( !  ;nul 
added  to  the  Irish  collection,  which  now  nundier.s  2,li')l.  in 
order  to  facilitate  the  preparation  of  a  "  rock  type  "  catalogue, 
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he  also  cxAiiiinod  ami  natncd  nearly  100  slides  in  the  collection 
which  had  not  previously  Ijcen  (Ictcrniincd.  TIio  report  of  his 
w  nik.  "riven  on  ]».  176,  is  Iwised  on  tlie  oxrimination  of"  a  number 
ot  sii(l<'s  selected  jis  rcpreseiilnt  Ivr  of  alioilt  750  specimens  col- 
lected in  the  various  distriets  referred  to. 

Th(  fnll()win<!f  summaries  of  sonn*  of  rlie  mor<'  interestintr  or 
importaiii  j-escarehes  of  a  p*'tro;^nM])]iit  nl  kiiid  <*arri<'d  on  in  tin* 
Survey  diirini,'  the  jiast  year,  have  been  .supplied  by  the  ofticurs 
\v\w  have  been  engaged  iu  thcni : 

Insoluble  Residues  of  Chalk. 

(Mr.  Teall.)  Insolul»1<^  re<^idues,  prejiared  by  Mu.  Wnj.iAM  Hii.l  froiu  various 
lH)ri/<iiis  ill  the  chalk,  ba\r  licm  i  xmiiined.  'I'lie  results  are  in 
atM'onl.tnee  with  those  eslaMislied  by  Du.  Ui'MK  lor  the  English, 
and  by  M.  Cayeux  fur  the  Freatili  Chalk.  t^Auirtz  awtl  alkali 
felspars  arc  the  principal  clastic  constituents;  but  whenever  a 
suihcient  quantity  of  material  is  available  many  heavy  minerals, 
such  as  rutilc,  zircon,  tourmaline,  cyanite,  anu  garnet  may  be 

detected. 

No  Nolcanic  minerals  and  no  traces  ot  pumici?  or  vnlcuiiic  asb 
were  observed:  an«l  the  g<Mieral  cbaract<'r  of  the  s( dinuntarv 
njalerial  of  meebanical  origin,  so  laras  (composition  is  concerned, 
was  found  to  lie  the  same  From  aU  horizons.  The  amoiuU  and 
size  of  the  mineral  particles  will  be  dealt  with  by  Mr.  Hill  as  a 
i>art  of  his  important  work  on  the  comparative  petrolog}'  of  the 
iJpper  Cretaceous  rocks. 

The  Volcanic  Rock«  ok  thf,  Kxetek  Diotrict. 

Th-     (  paration  of  an  ExnlKnacion  of  Sheet  325  of  the  New 

Scries  of  4>ne-inch  maps,  cmDraciug  the  district  around  Kxeter, 
made  it  desirable  thai  the  petrcgmphy  of  t  Ik  interesting  volcanic 
rocks  Iving  at  the  base  of  (tif  red  sandstone  ol'  tb:it  part  of 
Dovonsliire  should  be  ni^K  Inlly  worked  out.  'Ibis  research 
devolved  on  Mu.  Tk-A^.l,  who  has  lurnished  tJie  fuiluwing  sunnnary 
of  the  results  obtained  by  him  : — 

The  general  relations  of  these  rocks  to  the  sedimentary  series 
has  licen  described  by  Sir  A.  Geikie  in  his  work  cn  the 
"Ancient  Volcanoes  of  Great  Britain/*  and  the  same  work  con* 
tains  also  some  ))articulars  as  to  the  ]Hnrographical  characters  of 
tlie  rocks,  base<l  on  ol rvations  by  Dh.  IIatcji  and  Mk.  Watts. 
Furtb(n'  ]>etrolni^'icnl  del.iils  are  contained  in  an  important  paper 
liv  Mh.  HuiisnN,  Ou  the  IJasiilts  and  Andesites  of  1  )evonsbne."* 
The  general  results  of  the  re-e.\amin.aiion  may  be  brielly  buui- 
marised  as  follows : — ^Thc  rocks  nmge  in  composition  from 
trachytes  or  orthopbyres  to  basalts  or  molaphyres.  Many  of 
them  represent  eflusive  forms  of  themiuette-magma,  and  they 

♦  QmrL  Jouni,  fJeol.  *Voc,  vol.  xlviii.  (iad3),  p.  496. 
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are  thus  brought  into  ri'Iaiiou  with  the  mica-trap  dykes,  which  (Mf.  TealL) 
have  been  so  well  described  by  Mr.  Collins.^ 

Most  of  them  are  in  an  advanced  stage  of  decomposition, 
especially  as  regards  the  ferro-insffncsian  constituents.  An«^te 
is  ofton  rcprosontod  hy  psi-udoinorpbs  in  carhonntc,  and  olivine 
has  ])Oon  f-nnvfM'tptl  into  iddini'sitc  f»r.  in  f^xtrcnic  rasos,  into 

V  .         .  .  .  . 

carl»t>nai«'s  and  terric  oxide.  TIk;  oxidtiiion  <»f' rhoiron-ln  aiing 
compounds  gives  u  predonunaring  red  colour  to  tlic  rocks 
Mucli  of  thifi  decomposition  is  of  Ptrmiun  age.  It  appears  to  he 
of  the  lateritic  type  so  common  in  tropical  regions,  and  the 
washing  down  of  the  rod  material  by  the  Permian  torrents  has 
contributed  largely  to  the  formation  of  many  of  the  basal  rocks 
of  the  New  Kea  Sandstone  scries. 

The  rock  of  Killerton  Park  near  Exeter,  is  a  biotite-tradiyte 
or  orthophyre  liaving  nwirked  atlinities  with  \\\o,  ciiseliti;  (Hosrn- 
Inisch )  ol' IMirMiiKli  I'russia  nnd  iha.  (»rthuphyrc  associated  with 

the  lower  lu»t hiici^cnde  of  Tlnningia. 

Annt!i(T  tvpc  of  (»rt.lH)phyn'  i-i>iir,:rinin'4  innncrous  psendo- 
niorplis  ot  oliviiif  occrurs  at  knowlc,  Sp«  iirreomhe,  near 
()r«;diti»n.  liotli  tliese  ro«  ks  have  heen  analysed  by  Mu.  (Jkant 
VV^iLsoN.    Tliey  are  eloselv  allied  to  minettcs  in  composition. 

The  well-known  rock  of  Poconilio,  so  lari'ch  nsc<l  for  huildinic 
in  Exeter,  is  intermediate  Imtwceu  ortht>phyro  and  Uisalt.  It  is 
composed  of  numerous  red  p«oudf»morphs  after  olivine,  in  n 
matrix  composed  of  more  or  less  lath-shaped  nncrolitcts  of 
felspir,  a  few  i^n'.iins  of  aupitc  i.r  carlnmates  after  augite.  and 
particles  ot*  iron-oxide.  Hoih  pla^in-lase  and  ortboclast-  .n-c 
present,  the  relative  proportion  varying  in  diti'ercut  spccinieiis. 
Tho  minute  and  more  or  less  altered  laths  of  plagioctase  form 
kernels  in  the  orthoclaso  as  Uiev  do  in  tho  nbsurokitcs  of 
Id(hiig8.t 

The  more  typical  b  is  dts  occur  in  the  neighbourhood  of  Ide 
and  I  >unchideock.  They  fre<piently  contain  <piartz,  and  are 
closf'lv  allied  to  the  (jiinrtz  bnsalts  of  Anicriran  authors. 
Mr.  Hoi'.son's  papcu-  <'ont;niis  a  fiill  ib  s.-ript ion  ot  these  rocks 
and  a  discussion  us  to  the  origin  «»i  \\w  ipiariz  which  he  regardii 
ivi  foreign  to  the  magma. 

In  compning  tho  Kxctor  maps  with  their  Continental 
equivalents,  the  fact  that  the}'  are  but  feeble  representatives  of 
the  Permian  volcanic  episode  is  stronglv  empbasised.  In  bulk 
the V  air  insigmticftnt  in  comjiarison  with  t  he  Permian  igneous 
rocks  ot  KluMiish  Prussia  (S.iar-Xalje-district ),  tht^  ThurinjrcM  - 
wald,  and  Les  (trandf^s  I{ons^t»<.  Not  only  is  tbe  amount  of 
i  ^Mu-' "US  mat  rri.il  unicii  lirL;.r  on  the  ( "onl  iiifut,  i'Ul  tlir  incks 
arc  also  of  ,i  iiiu*  li  nioic  vuricil  character.  In  iUicitisii  Priissia 
(piartz-porj)hyries,  porphyrites (ande.sites)and  melaphyres(basults) 
occur  in  great  abundance  and  in  rich  variety,  lender  these  cir- 
cumstances,  it  is  interesting  to  note  that  the  Permian  breccias  of 


♦  Jour,  Roy,  /«»<,»  CormmU^  part  ii.,  vol.  iii.  (1H84). 

t  Abaarokite-shoehonite-banakite  iSeries.  Jour,  Geol^  vol  iii.,  p.  035. 
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I  Mr.  TealU)  South  Devon  contain,  as  Mr.  Worth  has  shown,  qiiartz-por> 
phyrios,  rhyolitOA,  sphorulitic  folsitos,  and  andesito  in  luldition  to 
llie  rocks  alMnr  (Irsnibc'd.  The  l"]xeter  traps  and  the  Permian 
hm'f  in<<  tnlvon  Imlt"  tlicr  prohnhly  contiiin  representatives  of  all 
the  t'ontincntal  typos  occurring  on.  this  horizon. 


Chemical  IxvE.sTUiATii»N  of  liorKs  and  Mixerai-s. 

The  >vi>rk  nt  the  i  hciuii-ul  lal>oratorv  at  tlie  ♦J«'nii\u  StiTOt 
Museum  has  cniitiuucd  to  make  good  progress.  Pollaud 
was  instructed,  in  addition  to  his  duties  tliere,  to  visit  the  ofhcers 
in  the  field  in  South  Wales  in  order  to  study  on  the  spot  the 
ph(>nomona  of  dolomitization  which  are  developed  in  tiie  Car- 
boniferous Limestone  of  that  region.  Aeeordingly,  he  stu»hei] 
these  phen  )ineiia  in  tlir  distriel  oC  the  Munililes  and  eollected 
niateri.tl  wliieli  awiiits  luiihi  r  treatment.  He  has  con(hieted  in 
the  laborurnry  ;i  sriics  ot  (pjantilative  analyses,  a))d  Vims  likewise 
niad(i!  a  eon.si*  lei  able  nnndu;r  of  (pialitntive  c.xarninalions  for 
petro^aaphieal  pnriKj.ses.  or  the  identification  of  specimens.  He 
has  furnished  tiie  following  notes  of  some  of  the  more  important 
researches  on  which  ho  has  been  engaged : — 

Tertiary  vol-  During  the  course  of  his  survey  of  the  Tertiary  voicauie 
sf-e"?nr**  "^6^^011  the  Island  of  Skye,  Mb.  HaVker  has  met  with  groups 
Poflard.)  ®^  which  it  was  liighly  desirable  to  know  the  complete 

chemical  composition.  He  aceonllniify  selected  tlie  following 
scries  of  typie.d  specimens,  and  submitted  them  for  investi* 
gation  by  Dr.  Pollard.  The  resulu  of  the  inquiry  are  here 
given : — 

[Tofit.]  ( liau  >|>liyn\  hornbleiulic,  of  Bcinn  a'  Cli aim  sheet,  in  tributary 
of  A  lit  Braigh  liiilaiu,  1,200  yarib  aoath-webt  of  triangle  on  Beinn  a' 
Chaini. 

[8o.">7.J  Oliviue  l]ji.salt  (.^111),  lirtK:hbcinn,  .'jOO  yanls  uorth  of  :.inall  torn 
and  BOttth>eaatof  larger  loch. 

[8f)t:i.]  Olivine  Gabbro,  west  l»ank  of  Sligachan  I'iver,  jiist  below 
junction  with  Alii  Coiiu  Kiabliaich  (tlie  northerly  burn  of  that  n%nie)k 

[HI5)t.J  (ialiliro,  Coire  a' Mluulai«lli. 

[7!  •_'  $.]  If'ini1«] 'ntlic  ( Ir.mophyre,  typical  drtisy  v.iriely,  aouth  end  of 
Druint  Kailhan  |).t  Choire,  west  siile  of  Coirc  n  i  .Viilu;. 

[818."),]  Ohviii"  Basalt  (lava),  Altt  Feionn  Fli.u  i-lid.  Drymn-h. 

[TH')!.]  OIi\  in»>  l>iul>i--c.       in  l»c«l<le<l  l»asalt  lavas,  summit  of  Pen  Lee, 

[THG2.]  Porphyhtic  Olivine  Doleritc  or  Basalt,  7  feet  dyke  cutting 
granite  on  south-east  alojfe  of  Oiche  na  Beinnc  Deirge. 

Nos.  70()4,  8057,  antl  8()4:{  were  analysed  in  detail  (nicst  of 
the  in]Lrre<lients  nientiniKd  }»\  ( 'f  aiikk  and  ! Iii.LKHK.wt)*  U-ini; 
lookf  tl  for)  Tlu'  inalytit  al  luclhods  nsed  werr  ili<'sedes<'ril>ed  bv 
these  eheniisls.     Tbe  remaining  live  roeks  wvre  not  analysed  m 


*  Hall.  U.  iS,  (J(  d.  .Sui-vei/f  No.  184. 
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quite  .s(i  iimch  drtail,  vuiy  aiiM  quantities  not  being  deter-  Tcrtmry  vol- 
uiiiictl  tHiaiitiuitively.  -  ,       ojmif  mrks of 

Sf)ecial  precautions  were  taken  as  to  the  piinty  of  reagents,  i'^Ji***^-) 

and  it.  was  oc(;asionally  found  nocessary  to  purify  some  of  tlieni. 
Pot^issium  bi.snlph.ntc  was  always  prejMired  in  the  lalK>raloiy 
V  owing  to  the  dirticulty  of  obtaining  it  of  a  satisfactory  nuality. 
Again,  byciroriuoric  acid  has  always  been  redistilled  with  jwr- 
tnanganate  before  ferrous  iron  determinations.  As  it  was 
sugg(,'sted  that  some  of  the  rocks  from  Skye  contained  motallic 
iron,  Nos.  8057  and  8043  xrere  exaiuiru'd  for  it  by  treating  with 
a  strong  sohition  of  men  nric  (  bioride.  The  samples  for  this 
ex;t!tiiii;)ti<>n  w^'vc  cnislH  fl  roii'jfldv.  wvfipjX'd  in  carfridi,''*'  pajver 
to  avoid  any  (■ban<'e  of  (  (iiii-iiiiiiiiition  wiili  iron.  AfttT  all  jiapcr 
scraps  had  bcetj  picked  out  with  care,  the  coarsti  p  owdi  r  was 
crushed  and  liiuifly  ground  to  a  very  tine  powder  in  an  agate 
mortar. 

Blind  ('X}H'rinient.s  willi  inck -powder  +  a  small  weighed  cpuin- 
lily  (  0.")  Lu  "1g.)of  j)ure  iron  wins  were  n»ad«».  Tlirse  gave  good 
resn Us  [the  greatest  deviation  bein'(  077  I g.  le  Uilvcn  =  ■07<»;>g. 
found],  and  as  2  to  of  rock-no  wcicr  were  taken,  the  error  would 
bo  negligible.  No  iron  could  be  detected  in  either  of  these 
rocks.  It  mi^ht,  however,  be  of  interest  at  some  fuun<^ 
time  to  examme  a  larger  number  of  gabbros  and  basalts 
from  Skya 
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Tertiary  vol- 
fAuic  rocks  of 
Skyc.  (Dr. 
PollanL) 
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No.  7124  contain.^  a  trace  of  BaC)  and  Li^U. 


64*64 

•15 
13  10 


Cxam-  An  analysis  of  a  manganese  deposit  of  Culm  Measure  Ago  from 

meaanro      a  limestono  quarry,  Hookworthy,  Devonshire,  gave  the  following 

(Dr.Pollard.)^""** 

Ret.  insol.  in  concentrated  1 
liydrochloric  acid  -j 

CuO  

FcOj  

AI'O,   -72 

(NiCo)()   U 

MnO   9*98 

CaO   rir, 

MfiO   -JO 

()  (i'eroxide  <  )xygen)       -  2  U'l 

H2Oatl05   :r72 

„  above  105*      -      -      -  3  21 


Total  - 

The  inaoiuble  reaidue  is  componed  of— 
SiO,       .      -      -  - 

FcX)3      -       .       -  . 


100-43 


CaO 


63*3 

•2 

•9 
3 


fof  which  2  0'^  ia 
\    colloid  silica. 


64*7 


Thr  stihstanec  was  a  dark-brown  triable  powder  whicb  r(.(|uiri'd 
no  ^^lin(iin;^^  bni  only  thorough  nuxiiig  to  get  a  uuifonn  sample. 
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The  small  (jiianrit it  s  of  cuppc'r.  iiickrl,  and  colialt  arr  iiUcrt'St-  Culm- 
ini^,  as  traces  of  in;,'r<Mlicnts  were  touml  iu  the  manganese  "•^«'"»«"» 

nodules  descrihed  in  tlio  "  C'liallenger  "  reports.  (Di.  i'uUiirU.) 

Mr.  Teall  gives  tho  following  account  of  this  specimen: — 
**  The  specimen  analysed  by  Dr.  Pollard  was  collected  by  me, 
from  a  Limestone  Qtiarrv  in  the  Lower  Culm  series  close  to  the 
village  of  Hock  worthy,  T)cvf>nshirc.  It  was  taken  from  one  of 
several  hLirk  bands,  mcMsurin.''  two  or  three  inches  in  f hi*  kness, 
r«  Lr"l''i^'l V  iiitcrsf ratihe»l  with  grcv  slialos.  and  ap|"Mir»Tii  1\  '•vrrlvinrr 
the  limestone.  The  insoluhle  residue  is  a  lin*  wliitc  powilcr, 
mainly  composed  of  crvptocrysl:iUiuL'  silica  in  uiiuuh;  grains  and 
irregular  amorphous  patches.  A  few  grains  of  quartz  measiiring 
less  than  *1  mm/indiamctcr^andprobibly  of  clastic  origin  occur, 
but  the  amount  of  mechanical  sediment  is  extremely  small. 
The  crvptoeryst alii ne  silica  is  j)robably  of()rganic  origin.  The 
s|>''<  iincn  was  analysed  in  tlir  hopo  that  it  would  he  found  to  be 
nnu  h  rirlit  r  in  nxi^le  of  mangancs<»  Ih  in  a<-l  iially  j)rovi's  to  be  the 
<  ase.  riif  limestone  in  the  sam*.*  quaiiy  is  dark,  oluish  grey,  and 
finely  cryslalline.  Cherty  portions  of  this  limestone  consist  of 
eryptoerystallinc  silica  associated  with  calcite  which  often  takes 
the  form  of  idioinornhic  rhombs." 

A  sample  of  the  clay  already  referred  to  as  deposited  in  tli« 
cstuarv  of  the  Fal  auul  as  prolxdilv  of  economic  importance  was  i^iay  KriM'^it. 
sf  lit  up  by  Mil  Hill.    It  was  tak^'u  from  a  i\m\  across  the  Fal, 
half  a  mile  west  of  Huar  Lanihorne.    A  complete  auidysis  of  the 
clay  gave  the  following  re.sulls:— 

Air  DantD  Sample. 

Sic   4007 

TK).   -19 

Al,(),   33*43 

Fe.,(    1  -jj-j 

Cat)  TiBco 

MnO   Trace 

MiK)   -37 

K.O   3*32 

Na,t)   '29 

LijO   Trace 

Sn,   -07 

CI  -      -  -37 

H/>    1 .30 

HX)  aliove  105"^ 

-f  some  organic  1-      -  9  64 

matter  J 

KK>o7 

Leaa  U  for  CI   17 

Total     -  io()-40 

The  chlorine  and  snlpburic  acid  are  due  to  sea  water. 

The  soluble  s  vlts  amounted  to  *a3  jicr  cent,  the  vand  +  acid  eilicatea 

to  :2  r7  I'pr  r^^ut. 

Aujon^M.he  rocks  met  with  hv  Mk,  ('LO!  f;ri  in  tlie  Glenel<if  Eclo^ite  of 
dislrirt  is  ;»n  (M^loij^ite.  re<_f;n-(liuLr  the  chcTiiicil  (  (iiistit  ulion  of  one  (»lenel«'  I'^t 
of  till-  luinends  of  whirh  further  iiiforuiaiioii   was   desirahle.  ^''^^'^^-^ 
Accordiui^ly  from  a  specimen  sent  up  tor  examination  hy  Mk. 
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Kvtlo^ite  of   Clouoh  the  ffamet  wtis  separated  and  analysed.   The  locality 

<:iijn«i;4  (Dr.  irivcii  by  Mr.  CLor<jii  for  U»o  spocimcn  is  "  j  mile  +  r.O  vartb 
I  uHarti.)      sliirhtly  cast  u(  north  of  Beinn  a  Chapuill,"  ,md  the  following  is 

Mk.  Teai.i/s  (k'scription  : — 

"[H44!V]  Moditnii  irr.iinofl  dark  colouroci  niMssive  rock,  com- 
posed of  gariiol  and  oijipli.u  ite,  with  rulilc  as  an  uuiuiportauL 
accessory.    This  rock  is  a  lypiwil  eelogite." 

The  specific  gravity  of  tlic  garuet  was  3*74,  the  composition 
as  follows : — 

SiO,   40-3 

TiO.,  Trace 

Al.(>j   210 

Ke'O   18-0 

FeP,   1-3 

MnO  -------  -7 

C'aO   7  2 

MgO   11-2 

Ti>tal  100-3 

Kock  During  the  winter  of  last  year  Mk.  Grant  Wilnox  in  Edin- 

SlrVISni  made  eleven  amdyses  of  rocks.   The  details  of  these  in- 

WilaoiV)      vcstigiitions  will  appear  in  the  motiioirs  of  the  Survey. 

Petroukaphical  Research  in  Ireland. 

Keferenee  has  already  heon  made  in  previous  piges  (pp.  71  81), 
to  the  petro;^naphi(!al  assistance  given  l>y  Mk.  B.  J,  SeymoIR 
to  the  nttifv  rs  who  liavc  heon  enpi;_r<'d  in  i(  visinir  the  Silurian 
art  as  n\  the  south  cast  ul  Ireland.  Tlic  following  mure  detailed 
and  eonnecied  summary  of  his  ol^sorvations  has  been  prepared 
by  liim. 

Silurian  In  the  accoiint  of  the  work  of  the  Greolo;rical  Survey  for  1898* 
oUhvuIn  statement  was  given  of  some  general  results  of  a 

f((«r  (iratiitv.  pieliminary  examination  of  t  he  igneous  rurks  and  so-called 
iNtr.  8cy-  "  ashes  "  in  the  district  lying  to  the  west  of  the  range  of  the 
inour.)  Leinster  granite.      Karly    in    the   past    war  a  mor<^  detailed 

i  ivesligalion  of  the  rucks  of  that  dislricl  was  made  (Slieets  Ml, 
112,  I'io.  I2s,  iin(n2!)  of  tlujone-inch  map),  xsldeh  lutM  contirnted 
the  conclusion  tliat  the  80-ctilled  ashes  in  this  district,  which 
occur  within  a  ssone  about  a  mile  in  width  next  the  granite,  arc 
really  moi<'  oi  less  metamorphosed  basic  igneous  rocks,  while 
those  which  lie  further  west  arc  without  exe(^|ition  .si-histose 
grits  or  grevwackes.  The  main  road  which  starts  jnst  north  of 
"  Hriftas  W]/"  (top  of  Sheet  120)  and  runs  southwards  tlirough 
Hle.s.">iii^lon,  ruula}>htiea.  Annaleeky.  and  Stratford,  may  serve  hs 
houndarv  line  hetvv<  i  n  the  two  classes  of  rock.  The  yrils 
Igieywackes)  belong  to  one  type  and  vai^*  only  in  degrees 
of  eoarscnoKs;  most  of  them  snow  a  stshisioso  structure.  A 
thin  section  of  a  coarse  variety,  such  as  occurs  neai  Poulaphuca, 
is  seen  under  the  microscope  to  consist  essentially  of  quartss- 

♦  tSifmm*in/  of  PrrttfTfiw  for  IftDR.  p.  fl4. 
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grains,  shoA^nn!:^  strain-strnr'tTiro,  and  forming  oyos  which  arc  Silur-im 
wrapped  round  by  shaly  bauds  of  a  grecniish  (chlorite)  Jj^iJ^^^  LeS*^ 

Piecea  of  pbiu^ioclase  crystals  are  almost  always  present,  but  only  ^^^^  Gmniw. 
sparingly:  and  also  rounded  and  lenticular  fragments  of  finely  (Mr.  Sey- 
crystaUine  basic  rocks  of  thB  andeflite  type.    The  average  »owO 
diameter  of  the  qnartz-grains  and  other  oomponent  fragments 
is  nearly  4  mm.  for  this  coarse  vanety,  but  elsewhere  descends 
to  microficopical  dimensions. 

The  ic^neons  rock^  which  have  boon  mapped  as  "ashes" 
may  be  classed  toj'cther  as  altered  basic  andesites  (frequentl}' 
porphyritic)  or  doleritcs  withont  olivine.  Where  they  Ho 
close  to  the  granite  mass,  they  have  been  metamorpno.scd 
into  hornblende-schists  and  araphiboHtes,  while  their  outcroj^s 
at  a  greater  distance  apnear  as  mostly  epidiorites.  This 
latter  type  is  extensively  aeveloped  in  the  north-east  comer 
of  Sheet  120  and  in  tlie  adjoining  areas  in  Sheets  111  and 
112.  The  rock  (I.  1848)  at  BaUinascorney  Gap  (Sheet  1 12)  may 
be  regarded  as  representative.  Tt  is  an  altered  dolorite  of 
medium  grain.  Though  it  looks  fairly  fresh  in  the  band-speci- 
men, yet  in  section  the  ferro-magncsian  miueral  is  .seen  to  l>e 
maiidy  of  .secondary  origin.  The  felspars  occur  in  rallicr 
fresh  lath-shaped  sections  which  arc  repeatedly  twinned.  The 
interior  of  the  crystals  of  felspar  is  more  basic  than  the  exterior 
and  extinguishes  at  a  higher  angle,  the  pa.ssage  between  tlio 
two  being  .sometimes  quite  gmdual  and  occasionally  abrupt  The 
central  portion  .seems  to  be  labradoritf.  while  the  exterior  corre- 
sponds probablv  to  andesino.  The  porphyritic  const itiuni  is  a 
felspar  too  higlily  altered  for  determination.  The  augite  when 
fresh  is  of  a  |>ale,  reddish-brown  colour,  but  it  is  for  the  most 
part  altered  mto  a  greenish  hornblende.     It  forms  rounded 

g'ains,  and  sometimes  fairly  large  crystals  in  which  the  felspar 
ths  are  set  ophitically.   Skeleton  ciystals  of  ilmenite  occur, 
but  no  olivine  could  be  detected. 

The  hornblende-schists  and  aniphibolitos  are  of  the  usual  typo, 
and  call  for  no  sj>eeial  rcinark.  They  are  extensively  developed 
in  the  district,  and  no  doubt  represent  originally  pyroxenic 
varieties.  Near  Colvinstown  a  basic  ma.ss  (Ds, "  Greenstone-ash  " 
on  Map)  occurs,  completely  surrounded  bv  granite,  which  sends 
numerous  veins  into  it  A  homblende-sonist  which  is  seen  here 
is  composed  of  alternating  narrow  bands  of  actinolite  and 
fclspathic  material,  the  whoh  rock  being  much  folded  and  con- 
torted. Near  Donard  (Sli<M't  129)  an  interesting  outcrop  occurs 
illustrating  the  etlects  of  (lynaino-nietaniorj)liisin.  Ballymooney 
Hill,  nortn  of  Donard,  and  Deerpark  Hill,  south  of  the  same 
place,  are  composed  of  a  coarsely  porphyritic  rock  mapped  as 
"  Greenstone-ash.''  Sections  prt  [nired  nom  differrait  parts  of  the 
masses  show  the  following  characteristics : — 

Slide  I.  1860  (Deerpark  Hill)  is  the  least  altered  of  the  series  of 
rocks,  but  at  the  same  time  is  considerably  metamorphosed  as 
compared  witli  its  original  condition,  Av1i<«n  it  was  most  probably 
a  porphyritic  basic  andesite  or  aphanite,  similar  to  tlie  wuM- 
known  Lambay  porphyry.   In  the  hand-specimen  the  por- 
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Silnrian  phyiitic  plugioclasos,  which  sUuul  out  conspicuously  on  a 
^UheL^hf"  surface,  cither  singly  or  in  groups   of  several 

Mter  Graaite.  individuals,  form  stumpy,  flattonod  prisms  of  all  sizes  up  to 
(Ifr.  8ey.     about  2  cm.  x  I  cm.     *5  cm.   They  seem  &irly  fresh,  %ow 
parallel  twin  striae,  and  are  brownish  m  colour,  owmg  to  various 
niclusions.    In  section  the  ground  is  mostly  made  up  of  minut<i 
brown  mica-flakes  (secondary  biotite),  along  with  sonic  nralitic 
hornblende,  embedded  in  a  clear  granular  felspathic  mosaic. 
Both  the  mica  and  the  hornblende  are  orientca  in  the  sumo 
direction  by  pressure,  which  has  given  tlie  ground  a  schistose 
structure,  and  caused  it  to  now  round  the  porphyntic 
nlagioclases,  and  even  penetrate  them  along  cracks.  The 
felspars  are  much  doudecl  by  opaque  whitish  inclusions.   In  all 
lasos  they  show  strain-slip,  and  are  usually  surrounded  by  a 
mylonitic  envelope  derivea  from  themselves.    Chlorite  and  iron- 
ore  are  present,  out  sparingly.    Alteration  is  too  far  advanced 
to  determine  the  plagfioclase,  but  the  presence  of  secondary 
cidcite  would  seem  to  indicate  a  lime  variety,  very  probably 
labradorite.  (This  is  the  felspar  in  the  Lombay  rock.) 

L  1861  shows  a  further  stage  in  the  metamorphismof  the  rock. 
The  bronzy  brown  mica  is  still  more  conspicuously  developed. 
Uornblenue  is  practically  absent,  and  the  felspars  are  beginning 
to  assume  a  pamllol  nosition  with  ret^^ard  to  one  anofhcr. 
Continued  strain  has  inaue  the  fraufnients  into  which  they  were 
broken  slide  over  one  another,  producinii:  s<-histose  felspathic 
zones  alon^  the  gliding  planes,  and  also  wavy  extinction  under 
crossed  Nicols.  Weathered  specimeas  now  show  the  felspars 
up  to  3  cm.  in  length,  but  with  the  cross  section  considerably 
reduced  in  area,  and  an  anged  with  their  longest  axes  parallel  to 
one  another,  and  to  the  direction  of  schistosity. 

1.  1802  is  practically  identical  with  the  last,  but  conUiins  some 
apatite.  Tlie  plaL^oclases  bocnnie  more  and  more  elongate<l,  till 
the  ori<rinal  stumpy  crystals  are  drawn  out  into  lenticles  u]i  to 
8  (;m.  long,  1  cm.  wide,  tapering  at  each  end,  and  from  1  to 
1*5  mm.  thick. 

I.  1859  is  a  section  of  a  rock  in  this  stage  which  is  accom- 
panied by  the  formation  of  numerous  secondary  minerals.  Tlie 
nrown  mica  occurs  in  knots,  the  individual  crystals  of  which 
are  considerably  larger  than  usual.  Tlie  felspar  lias  pirtly 
recrystjiili.sed  in  water-clear  granules,  whilst  most  ol  tlie  aren 
formerly  occu])ied  by  it  is  now  crowded  with  minute  |)risnis  of 
cpidotc  and  zuisite.  The  original  ilmcnite  is  reprcseiUetl  by  sphcne 
which  occurs  in  numeroius  strongly  pleochroic  reddish  crystals. 
In  this  final  staire  the  rock  is  a  banded  inioiss  or  schist  composed  of 


stage  the  rock  is  a  banded  gneiss  i 
white  (felspathic),  and  dark^bioUte)  bands.  The  light  bands  vary 
in  dimensions,  according  as  tney  represent  a  single  crushed  felspar 
or  a  ^up  of  several  individuals,  being  naturally  lanrer  in  the 
latter  irLstane<\  This  case  is  a  rcninrkably  clear  demonstration  of 
the  effects  of  met^imorphism,  and  seems  lo  throw  some  light  on  the 
production  of  bandea  gneisses.  Although  the  outcrops  occui- 
ebse  to  the  gtftnite  mass,  no  evidence  of  lojection  of  the  latter 
rock  into  the  basic  variety  was  noticed  in  this  particular  oa«9. 
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With  such  clear  evidence  of  presMuiL'  mct.imorplnsm,  there  can 
be  httlo  doubt  that  the  homblende-scliists  iu  tiiis  locaHtv  owe 
their  origin  to  the  same  cause,  especially  as  many  of  them  are 
obviously  crumpled  and  contortijd  {e.g.,  at  Colvinstown). 

The  reviaion  of  the  igneous  rocks  in  countjr  Wicklow  vas  ^-"ui^^ 
oontinued  during  the  year,  and  some  eighty- five  slides  ftom^^,f^l 
Sheet  130,  and  forty-tvo  from  139  were  examined  and  reported  momr.) 
on.    Many  of  the  felsites  are  compjict,  schistose,  and  altered ;  so 
that  their  determination  is  rather  difficult  and  tmsatisfactory. 
As  the   microscope  iVeuuentlj  fails  to  iriv*'  nmrh  assistanct', 
reliance  haK  to  he  ])la(  ed  entirely  on  tlie  iiold-cvidence  and  on 
physical  and  cliomiciil  observations.    The  varictiiis  met  with 
include  potash-  and  soda-felsites,  diabases,  diorites,  dolerites,  and 
basalts,  all  of  which  occur  both  in  the  uncrushed  and  crushed 
condition.   The  felsites  yary  niucli  in  physical  characters,  often 
closely  resembling  cherts.    Thin  sections,  however,  usually  reveal 
the  presence  of  minute  pla^ioflascs,  in  a  *jrnimd  prosontinq;  a 
devitritietl  aspect.    Soda-felsiti-s  or  k('ra(<)))liyros  fmpiently  occur 
in  the  area  examined.    Thuy  apj>car  tn  he  the  latest  rocks  in 
the  igneous  series,  as  where  typically  developed  they  peiietihie 
the  ordinary-  ^potash)  felsite,  which  is  known  to  be  later  than  the 
basic  rocks  with  which  it  is  associated 

Reference  has  already  been  made  to  the  field-observations  by 
Messrs.  Kg  an  and  AIcHenrt  regarding  the  occurrenco  of  a 
rcTTiarkable  hrecciated  stnicture  in  some  of  the  intrn*-)*/*'  fc^lsitic 
rocks  in  the  East  of  Ireland.  Mr.  Seymoi  it  ( o]ii  i  ilmtts  the 
followinL,^  description  of  one  of  these  which  appears  near  liock- 
field  House,  on  the  shore  soutlt  of  Wicklow  Head.  (Sheet  130, 
1. 1760  and  1761.)  Here  a  greenish  trachytic  (soda)  felsite  is 
seen  to  penetrate,  in  numerous  veins,  a  pale-coloured  felsite, 
somewhat  more  acid  perhaps  in  composition,  and  which  weathers 
to  a  pinkish  colour.  The  older  rock  has  been  shattered  and 
m  one  part  of  its  mass,  occurs  in  an<,nilar  fra^nnonts  embedded 
in  a  greenish  base  composed  of  the  later  intrusive  rock,  the 
whole  foniiincr  an  eruptive  or  intrnsiv<'  breccia.  Continued 
pressure  has  subsequently  fractured  both  this  base  and  lIjc  included 
fragments.  Microscopically,  the  greenish  "  ^oimd  **  is  remarkable, 
it  contains  numerous  clear  fragments  (devitrified  glass)  with  con- 
cave outlines  and  hour-gla«s  forms,  exactly  similar  in  appear- 
ance to  the  lapilli  of  volcanic  glass  so  charart eristic  of  tufa's. 
Figure  48,  p.  2G2,  in  Rosenbusch's  "  Klemente  der  (lesteinslehre  " 
exactly  represents  the  striieture  tlevoloped  in  the  ground  of 
this  rock,  and  coidd  liave  been  drawn  froui  a  thin  slide  of  it. 
There  can  be  little  doubt  here,  however,  that  the  tuff-like  structure 
has  been  produced  by  the  brecciation  in  situ  of  the  intrusive 
veins  which  had  consolidated  in  a  glassy  condition,  the  resulting 
pieces  of  fractured  glass  being  similar  in  shaj  >e  tu  volcanic  laoilli. 
Similar  "intrusion  breccia"  occurs  also  at  Arklow  Head,  Co.  W  ick- 
low,  where  a  hrecciated  rook  tnuLailjtedly  hohaves  as  n  dyke.  It 
consists  of  pieces  of  lavender-ii;rey  felsite,  embedded  in  a  gi  i  t  iiish 
porphyritic  and  brecciated  soda-felsite,  the  phenocrysts  being 
albitos  and  soda-orthoclaso.    Though  these  crystals  show  evidence 
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County  of  being  fmcluiotl  in  silu,  it  is  remarkable  that  in  one  of  the 
?M*''^1  slides  an  irrogukrly-shaped  piece  of  puraicc  occurs,  which  could 
mouro  '  hardly  have  escaped  destruction  if  it  existed  during  the  period 
of  strain  to  which  the  rock  has  certainly  heen  subjecteo.  It 
soonis  dilKcult  to  account  for  its  presence  unless  it  be  re- 
^rded  as  of  secondary  origin,  and  possibly  somewhat  analogous 
m  its  formation  to  the  piiraico  which  liERGEN  and  Heudaxt 
have  shown  to  be  opcasinnally  formed  when  volcanic  glass  is 
gradually  fused  in  a  Bunsoii  riame.  The  light  coloured  tolsitc- 
iragnients,  which  occiu'  »us  iuciusions,  contain  sphene,  and  this 
haB  given  rise  to  anatase,  which  in  some  of  the  rocks  abounds 
in  crystals  of  minute  size. 

As  mentioned  in  last  Swinmnvy  of  Pnigre8$,  the  rocks  mapped 
as  tufi&  (Fs  or  Ds),  to  the  east  ot  the  Leiiister  granite,  were  found  to 
be  sheared  varieties  ot  acid  and  basie  rocks  respect ively.  This  has 
again  boon  found  to  hold  for  all  the  ground  exaTnincd  last  year. 
Up  to  the  present  no  true  tutf  of  any  descri})iion  has  been  met 
with  in  County  Wicklow  (Sheets  130  and  189). 
Cmmty  Some  account  has  been  given  at  p.  79  of  Uie  igneous  rooks 

of  the  coast  of  Waterford,  mapped  last  year  by  MR,  KiutoE. 
iDow!)*^  Tbeir  potrogjraphy  has  been  partly  studied  by  Mr.  Sethour,  who 
durinji  a  visit  to  the  ground  with  Mr.  Kilbob  collected  a  repre- 
senUitive  scries  of  the  rocks.  These  have  subsequently  been 
examined  mirrosropirally,  and  have  been  found  to  be  in  general 
similar  to  those  in  ('ounty  Wicklow.  Typical  soda-feLsites  occur, 
some  of  which  in  the  held  clo.sely  lesenible  l»a.sic  rocks.  In 
section  those  are  seen  to  be  very  trachytic  in  structure,  they 
contam  orthoclase  (soda  0  pheno(;rysts,  embedded  in  a  crystalline 
felt  of  felspar  microlites,  showing  flow-orientation.  Secondary 
chlorite  is  also  present  in  the  slides.  The  soda-felsite  at  fially> 
do  wane  Bay  .seems  to  approach  to  the  pantellerilo  typo.  The 
folsitcs  also  frcf|uontly  show  beautifully  aovoloped  flow,  ])erlitic, 
and  spherulitic  structures,  being  thus  rather  a  contrast  to  the 
Wicklow  specimens,  where  these  characteristics  are  only  rarely 
met  with. 

Another  peculiar  feature  in  the  rocks  of  this  district  is  the 
abundance  of  .secondary  epidote  which  many  of  them  contain. 
This  mineral  often  forms  ciosc  on  40  per  cent  of  the  bulk  of  some  oi 

the  sedimentary  rocks ;  it  also  occurs  in  oval  concretions  up  to 
ui.  in  longest  fliamctcM*  in  a  crystalline  roek,  apparently  an 
altered  andcsite,  near  Carricklmrrahane  House.  A  coarsely 
porphyritic  felsite  occurs  n«ir  Bally voyle  Railway  viaduct,  con- 
taininjg  well-formed,  reddish-coloured  orthoclase  crj'stals  in  a 
greenish  felsitic  base.  The  andesites  in  this  area  ate  usually 
much  altered,  and  the  porphyritic  mineral,  when  present,  is 
aug^te,and  not  a  felspar,  as  is  usually  the  case  in  more  northerly 
localities. 

Coast  of  As  alrrafly  staled,  Mr.  Sevmour  accompanied  Mr.  V/ws  to 

County        the  east  coast  of  Co.  Down,  in  order  to  revise  the  igneous 
SmotuA^^'  ^^^^Sy      ^^^^  district  (SheeU  37,  38,  and  49).    Almost  every 
outcrop  was  visited  by  them,  and  a  representative  series  of 
specimens  was  collected.    These  hare  new  been  sliced  and 


Digitized  by  Google 


PAUEONTOLOQICAL  WOBK. 


181 


examined  by  Mb.  Setmour,  who  finds  them  to  be  all  lam>  CoAst  of 

prophvrcs,  the  varieties  (litf'erinq-  from  one  another  in  the  fact  SjJJjj'y 
that  the  predominating  ferro-niagnesian  constituent  is  sometimes  g^yj^^^Jj 
hiotite,  sometimes  hornblende,  less  often  augite.  In  the  last 
case  the  augite  accompanies  the  biotite  or  the  hornblende,  but 
does  not  occur  to  the  exclusion  of  either  of  these  minemls. 
The  felspar,  as  is  usual  in  these  rocks,  is  muoh  altered  and 
calcified,  and  is  on  the  whole  plagioclase,  though  a  little  may  he 
referred  doubtfully  to  orthoclasc.  The  mica  varieties  are,  there- 
fore. Kersantites  and  augite-Kersantites,  and  the  hornblende 
varieties  Cfimptonitcs  and  augitc-Camptonites 

One  of  the  rocks  occurrinpf  as  a  dyke  on  the  sliore  of  South 
Bay,  3  miles  E.  of  Portafcrry  (Sheet  49)  is  specially  noteworthy. 
It  IS  a  homblende-kersantite  containing  a  blue  amphibole,  allied 
to  riebeckite  or  arfiredsonite.  It  belongs  to  a  class  of  minerals 
(soda-amphiboles)  not  hitherto  known  to  occur  Id  situ  in  Ireland, 
and  is  now  recorded  for  the  first  time,  llic  mineral  in  question 
occurs  as  a  secondary  addition  to  the  tciTninal  edges  of  the 
pr!TT^nr^  i^accn  hornblende.  A  nearly  identical  occurrence  hixs 
been  described  by  Dr.  Whitman  CROiiii  in  the  case  of  a  rock  from 
Colorado.* 

An  examination  of  the  interesting  rocks  of  the  Ox  Mountains  Ox  Mountain 
undertaken  by  Mr.  Sethour  last  year  was  c<xitinued  at 
intervala    Owing,  however,  to  the  necessity  of  completing  y"****"*' 

more  urgent  work  it  was  not  foimd  possible  to  ( xamine  more 
than  a  small  part  of  the  collection.  It  is  hoped  that  during  tho 
present  year  the  work  may  be  resumed  anfl  extendcnl.  The 
varieties  examined  included  folspathic  eclogites,  garnet  amphi- 
bolites,  schistose  diorites,  l)i()titc-  and  hornblende-gneisses,  and 
granites  with  microcline.  They  are  similar  to  tlie  rocks  described 
by  Mr.  Teall  from  the  Ballyshannon  area,  in  the  Appendix  to 
tne  Memoir  on  the  Sheets  31  and  32. 

Diiring  his  visits  to  the  field  in  the  past  year  Mr.  Seymour  ^^^^^^^lij;^^ 
took  a  number  of  photographs  of  ideological  interest.  One  series  geymoar!) 
illustrates  some  ot  the  tv|>?<  al  features  exhibited  by  the  rocks 
alon^r  the  coast  of  Water  to  rd,  from  S  t  r?  ul  bally  to  AnnestowTi. 
Copifs  of  these  are  prescr\'ed  in  the  otU(  e  for  reference.  Some 
photo-microgriiphic  work  has  also  been  done  during  the  year  in 
the  case  of  slides  of  special  interest  in  the  Irish  petrographical 
collection. 


IIL^PALiEONTOLOGICAL  WORK. 

The  PaliBontologists  of  the  Geological  Survey  at  Jermyn  Street 
have  charge  not  only  of  the  palffiontological  work  of  the  SurA  <  \ , 
but  also  tliat  of  tho  Museum.  Thev  determine  all  fossils 
collected  by  the  staff  in  England  and  Wales  and  Ireland.  The 
Scottish  palieontological  work  is  done  at  the  Survey  Ofiice  in 


*  Auuriean  Journ.  Science,  vol.  uxiz.,  p.  359. 
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Edinburgh.  Mn.  E.  T.  Newtox  lias  supplied  the  folln-^vin^  notes 
of  the  moro  imporbaut  e.\amiuations  made  by  hiui  and  his  staff 
last  year. 

MUSKUM,  JkRMVN  i^TR££T. 

The  constant  need  of  revision  and  rearxangement  of  the  fossils 
oxhibited  in  the  Museum  of  Practical  Geology,  as  well  as  their 

nijiintenanco  in  a  siiti.sfactory  condition, together  witli  the  specific 
determination  of  sucli  fossils  as  are  presented,  received  from  the 
field  othcers,  or  obUiinod  from  other  sources,  necessarily  ocoupic^ 
tin-  LTratcr  ]>art  of  the  lime  of  the  Palaiontoloj^cal  l)eparlii]''?ir 
This  routine  \v(»rk,  however  imj^ortant  in  it.self,  is  not  u»uuliy 
of  such  a  nature  jus  lu  call  for  any  .special  remarks ,  hut  it  may 
be  mentioned  that  of  the  fossils  received  duiing  the  year,  a  lari^e 
part  has  already  been  specifically  determined  by  Db.  F.  L. 
KiTCHiN,  who  has  likewise  named  a  series  of  Carboniferous 
Limestone  Cephalopoda,  from  the  Isle  of  Man,  kindly  lent  to  the 
Survey  hy  Miss  Birley  and  Mh.  Ro!;t  Law,  to"  whom  our 
thanks  are  due  tor  their  courirdus  assistance.  We  have  also  to 
a<-knowle<l!4e  o\n-  indebtedness  to  Mr.  G.  C.  Ckk  k  ni  ilu-  Hi  irisli 
Musevuii  tor  his  valued  help  in  the  determination  of  the»*je 
Cephalopoda. 

The  results  of  much  of  the  detailed  work  of  the  past  year  will 
be  seen  in  the  Memoir  by  Mu.  A.  J.  Ji  kes  Brown i:  on  the  Qault 
and  XTpix^r  Greensand,  and  in  that  by  Mb,  G.  W.  Lami'H;gh 
on  the  (teolojj}'  of  the  Lsle  of  Man,  now  m  the  hands  of  tlio 
printer,  as  well  as  ill  other  Memoirs  whidi  have  appeared  during 
the  year. 

The  revisiuns  and  roarrangerin  uLs  which  have  been  made  in  the 
Museum  have  chiefly  been  the  work  of  Mr.  H.  A.  Allex,  who 
has  also  named  a  large  number  of  the  new  fossils  added  to 
the  coUectioa  The  neeA  for  a  catalogue  of  the  many  valuable 
figitred  spechncns  contained  in  this  Museum  has  long  been  felt; 
hut  the  ])ressure  of  other  work  has  hitherto  prevented  its  heini,'' 
a!  tempted  A  heginning,  howevf  r.  has  been  made  hy  Mit.  Ar.LKN, 
who  has  prepared  a  catalogiu^  nf  the  fi(jared  sj)ecimens 
tVom  the  Kocen(^  ami  ()ligoc(>ne  loniiations.  This  CJitaloguo 
iucludes  many  of  the  T^pes  described  by  Prof.  Mokkis  in 
FoBDEs's  "Tertiary  Fluviomarine  Formations  of  the  Isle  of 
Wight";  by  Prof.  Fobbes,  in  "Note  on  Fossil  Leaves  from 
Ardtun";  by  De  la  Harpe  and  by  Mi;  Starkie  Gardner,  in 
their  works  on  the*  Plant  Bemains  of  the  Isle  of  Wight  and  of 
the  Sonrh  Cx»a.st.  (See  Appendix  to  the  present  volume,  p.  195.) 
Althoiigh  hut  a  small  instalnn  iit,  it  will  serve  to  show  the 
nature  of  the  work ;  and  being  -  oinplete,  so  jar  jis  it  extends, 
will,  it  is  believed,  be  found  melui  to  those  working  at  Tertiary 
Palieontolo^'y 

Three  series  of  Graptolites  have  been  received  from  the  Irish 
Survey,  and  reported  upon  hy  Mr.  Newton.  One  series  was 
from  numerous  lowdi ties  in  the  Keeper  Hill  district  The  chief 
I'orms  noticed  were  of  the  M<mog^niptm  FUmingi  and  if. 
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ffisi vgrri  typos,  vnth  some  indistinct  specimens  which  appeared 
to  be  C}/rf(Xjr<iptus  /I'mmfus,  tlms  indic-atintr  beds  of  Wenlock  or 
Tarannon  age.  A  few  specinieii.s  i'roiu  a  cutting  on  tlic  Water- 
ford,  Dungarvan,  and  Lismorc  Railway- proved  to  m  Dijdof/ntptits 
allioi  to  3.  pr  ist  is,  and  probably  hxdicate  the  presence  of  Uan- 
deilo  locks  at  this  place. 

A  second  Mries  from  Baljhelly»  Co.  Clare,  too  poorly  preserved 
to  give  positive  evidence,  seemed  to  ineludo  yi<nii>araptus 
Flemivrp  and  M.  pTiodmi.  making  it  probable  that  tne  oeds 
are  of  Upper  Silurian  age,  and  porhnps  Wonlock. 

A  tliird  seriea,  uliietly  from  Uic  noighhourhood  of  Belvoir,  Co. 
Clare,  were  apparently  from  one  horizon  only.  The  absence  of  any 
Monugiaptids  made  it  unlikely  that  these  beds  were  of  Upper 
Silurian  a^,  and  as  there  were  no  examples  of  Didymograptids 
they  could  scarcely  be  so  low  as  Lower  Llandeilo,  The  forms 
recognised  were  JHplograptvs  prist  is,  D.  fol  iaceust  Cl  i  mnco^ 
araptus  sraltirls,  and  Ghmixjrnpf  m  Hirwh-si,  all  species  of  Olon- 
kiln  or  Hartfellage,  Tt  seems  almost  cerUtin,  therefore,  that  the 
strata  belong  to  the  Lower  Bala  or  Upper  Llandeilo  series. 

Appliciition  is  constantly  being  made  to  ibis  Dqjarlnienl  for 
assistance  in'work  of  a  palteontological  nature,  and  the  officers  do 
their  best  to  render  such  help  as  is  possibla  As  examples  of 
this  co-operation  the  following  cases  may  be  mentioned : — 

Sm  Thos.  Warple,  of  Leek,  desired  mformation  resjiecting  a 
series  of  bones,  which  he  had  unearthed  while  explormg  a  cavo 
at  Hod  Hui*st,  near  Wetton.  Two  consignments  of  these 
remains  were  examined  by  Mr.  Newton  ;  they  proved  to  l>o 
largely  human  and  of  comparatively  modern  origin;  perhaps 
Romano-British,  or  Neolithic;  but  there  were  indications  of 
Pleistooene  gravels  underlying  the  more  modem  deposits.  An 
account  of  this  cave  was  publisned  by  Sir  Thos.  Wardle  in  2'he 
Leek  Post,  February  25,  1899. 

A  collection  of  bones  from  a  deposit  at  Skitts  Hill,  Braintree, 
Essex,  was  critically  examined  by  Mr.  Newtox,  at  the  retpiost  of 
the  Essex  Field  Oluh,  as  it  was  deemed  desirable  to  have  the 
specific  identification  of  the  bones  verified  before  publication. 
An  account  of  tlieso  remains  is  included  in  a  paper  by  the 
Rev.  J.  W.  Kenworthy  on  this  Supposed  Neolithic  Settlement 
at  Skitts  Hill."  just  published  in  the  ^asex  NatwxUist, 

A  series  of  fossil  shells  and  rocks  was  received  from  Judge 
Mtddleton  of  Nicosia,  Cyprus,  through  the  secretary  of  the 
Royal  Societies'  Club.  The  rocks  were  examined  by  Mr.  Teall, 
ani  the  fossil  shells  by  Mr.  Newton,  Tlie  deposit  from  whicli 
the  shelhi  were  obtained  appears  to  be  of  late  Pliocene  age. 
Among  the  sj)ecies  recognised  were  many  like  those  found  in 
similar  deposits  in  Italy  and  Sicily,  as  well  as  at  other  places 
around  the  Mediterranean  coasts. 

The  Museum  collection  of  fossils  has  been  largely  made  use  of 
by  workers  for  the  purpose  of  illustrating  theur  Memoirs*  and 
many  specimens  have  been  figured  in  vorious  publications,  as 
shown  in  the  subjoined  list  of  hgured  s|>ccimcu&  publi&hed  dur- 
ing  1899 
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Specimens  figured  in  the  PaUeontographical  Society's  volume  for  1899,  I.t 
FftOF.  Rupert  Jones  and  Dr.  H.  Woodwakd  in  their  "Briti^k 
BilaBoooic  Fhyllopoda'*:-^ 

Gastric  teeth  of  DUhyvf^ca't'is. 
Ditht/rocan's  /;vV<»7j?'<.  Stonier, 

Specimens  figured  in  the  Pahrontographical  Society's  volmiie  for  1890,  hv 
Dii.  vVhuelton  Hind,  in  the  "IJritisli  Carl)oniferous  hamellihranchiata";- 

Edmondia  oblonga^  Portlock. 

„       laimmaiOy  PhiUips.   Two  sjteciiueiis. 
„      var.  subLasvUy  Uiad. 
scahirif^  M'Ooy, 
JfacCoi/t,  Hind. 
Sen  f din  //enedenutrnt,  de  Tvyckholt 
CffprlcarddUi  inirallela^  I'Jiillips. 

Specimens  figured  in  the  Paheontographical  Society'^  volume  for  1899,  by 
Ueney  Wooiw,  E»<i.,  in  hi»  "Cretaceous  Lamellibrauchiata  '  of 
England*':— 

^uctUa  tpeefonenM^  Woods. 

„    pectimitfiy  Sow.  var.  o-ffcp,  Gardner. 

„     ohtum,  Sow.   Two  specimeiui. 

„      ilOensiSy  d'Orb. 
Anomia  Icmgata^  Sow.  Three  Specimens. 

,,       r/.^  pitfrfrfnrfi'l/'ifrr^  d'Orb. 

JinrUitia  i/Kirul/ejisis^  d'Urb.   Two  upecimeoft. 
Gmnmatodon  carina  tus,  Sow. 

hff  irca  nhem,  d'Orb. 
Pectimculus  mUo-nlxy  Sow. 
„         itmlK>untu%  S<jw. 

8t>eciraens  ligured  by  lir.  A.  Smith  Woodwakd,  in  the  *'  Proceedings 
of  toe  Geologists'  Association,"  vol.  xvi.,  1899  :— 

Kolidrtmut  wrraHnimm,  Agassis?. 

Specimens  figured  by  E.  T.  Newton  in  the  "  Quarterly  Journal  of  the 
(ieoiogical  Society,  London,"  vol.  Iv.,  1890  : — 

AnUa  u?i(fh'cn^  Newton. 

„     Colenvifi,  Newton. 
Za7U'l*jdon  muthtrnsisy  Newton, 
Jfrtxfff't  roftmta,  Newton. 

biteciinens  li-^ured  by  Miss  ])on^m,i>  m  the  ?w\qic  joiu'nal ; — 

Jloriui/tuuia  ?  iimeilltiiia^  »Salter. 
t  dnfna^  Donald. 

Sjiecimens  Hgureci  by  II.  Bolton,  E.st^.,  in  tlie  "Memoirs  of  the 
Manchester  Litentiy  and  Fhilosophical  Society,"  vol.  jdiii.,  1809 

p€ti€eoehorda  min<yi\  M'Coy.  Three  specimens. 

dkundritts  injurmu^  M'Ooy.   Three  specimenB. 


Scotland. 

The  Pabi'ontolci^icuil  Departniont  in  Scotland  has  been  carried 
on  as  hitherlo  by  Mi!.  B.  N.  Peach,  assisted  by  Messrs.  A, 
MAcroNociiiE  and  T).  'Wwv  As  usual  the  collections  made  during: 
flic  year,  after  a  proliiniiiiiry  invest icration  by  Mr.  Pev  n  liavo 
been  partly  distributed  among  specialists  for  ideutilicaiion  and 
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description.  Thiia  Dr.  Tbaquair  has  detennined  tlie  tish- 
reraains,  Mu.  Kid.ston  has  undertaken  tho  namiiig  of  tlie  ))l4iiits, 
!Mh.  KiHKhV  lijui  examined  tht:^  ostracods  while  Dvl.  J.  Wheelton 
Hind  has  exiimmed  the  lunioUibranchs. 

The  number  of  fossils  gathered  by  the  Survey  Collectors  in 
Scotland  during  1890  amounted  to  913.  These  comprise  479 
specimens  fiom  tlio  Cambrian  rocks  of  Skye,  Sutherlandshire, 
&c,;  20  from  the  Ludlow  rocks  of  Lanarkshire;  112  from  the 
l)o\\Titonian  strata  of  Ayrshire  and  Lanarkshire;  S  from  the 
Lower  Old  Red  SandsUiin-  of  Anaii :  from  the  Carboniferous 
Limestone  of  A r ran  ;  99  fnaa  the  CoaUineasuros  of  Arran  and 
Dumfries-shire ;  154  from  the  Jura&siu  roeks  of  Skye,  and  2 
spedmens  from  Islay. 

Mr.  Peach  has  supplied  the  following  digest  of  the  palceonto- 
logical  work  of  the  start'  in  Scotland  for  tht^  ptist  year. 

Ti/rr  'uhut  ian. — In  view  of  the  forthcommg  Memoir  on  the  <Mr.  i'..  x. 
North-West  Highlands  a  further  determinofl  senreh  was  mside  by 
Messrs.  M ArroNorniE  and  Tait  in  the  Torridouian  rock.s  of 
Skye,  chiefly  in  the  dark  earhenaceous  Shales  ol  the  Kinloch 
sub-division  of  the  Diabeg  group.  Though  the  material  searched 
seems  eminently  ^vouraole  for  the  preservation  of  or|^'anisms, 
as  ripple-marked  and  rain-pitted  surfaces  are  plentiful,  no 
Testige  of  a  fossil  was  obtained.  The  siuno  collectors  also  made 
another  exhaustive  search  of  t lie  dark  caleareous  shales  of  the 
C'ailleach  Head  in  West  Ro8.s-sliiro,  the  highest  visible  members 
of  the  foriiialion.  The  only  in-lieations  of  life  they  there 
exhumed  are'  some  doubtful  speeiineiis   of  annelid  casting.s 

Worm  pipes,"),  but  these  arc  not  sufficiently  definite  for 
identiiicatiou.  The  shales  of  the  Diabeg  Group  at  Stoer  in 
West  Sutherland,  which  had  already  afibrded  some  traces  of 
organisms,  were  also  .searched  bed  by  bed  with  the  result  that 
omy  the  curious  radiating  botlies  resembling  some  sponge 
spicules  were  obtained.  The  further  study  of  .some  of  tne 
specimens,  however,  throws  some  doubt  upon  the  organic 
character  of  thes'-  1>  xlies.  Thev  mav  not  In*  oi  '^anic,  but  may 
bo  iluc  to  nggregulions  of  (jrystids  that  had  toruied  in  the  clays 
before  their  consolidation,  but  had  been  sul>.sccj[uently  dissolved 
out  and  replaced  by  calcito.  It  is  unfortunate  that  hitherto 
the  Survey  Collectors  have  been  able  to  obtain  no  more  definite 
organic  remains  than  worm  pipes "  from  these  practically 
undisturbed  sediments.* 

Cambri'i  iK — A  ftirther  collection  of  fossils  was  made  by 
Messes  Macconochie  and  Tait  from  the  Durness  limestones 
and  dolomites  in  the  Strath  district  of  Skye.  The  search  was 
made  ehioHy  for  the  purpose  of  obtaiiiing  remains  of  trilobites 


*  Since  the  above  notes  were  written,  certun  phosphatic  nodnlee 
occurring  in  the  dark  raicaceons  afaales  at  CSaUleacn  Head  bave  been 
examini  d  V)y  Mu,  TK  vi.r,.  From  their  oheniica'  fonif)04iition  these  nwhiles 
are  prebuuiubly  oi  organic  origin,  an  interence  vvliich  is  contirnied  by  the 
fact  that  Mr.  Teall  ha.s  determined  undw  the  niicr()sc6j)e  certain  spherical 
cells  and  browu-coloored  fibres  in  tiiem,  which  appear  to  be  d^bmof 
organiftniH. 
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Mr.  Bw  N.  that  might  have  a  zonal  vahie  for  the  determination  of  tlie  exact 
Pswsh.)  geoloj^ical  horizon  of  the  members  of  the  Durness  Limeiitone 
series.  Although  a  considerable  collection  lof  fossils  was  obtained 
no  trilobite  remains  were  found  amou;^  them.  The  fossils  add 
little  or  nothing  to  the  list  furnished  in  last  year's  Summary,  A 
search  was  likewise  made  in  the  Durness  area  of  Sutherland,  whore 
the  {!ollectoi-s  succeeded  in  finding  several  fragments  of  trilobites. 
From  tbo  proliminarv  study  Mic  material  thus  acquired, 
the  fns^siis  would  seem  to  indicate  that  the  v'ini.sij^)uil! 
group  of  the  Durness  Limestone,  the  bed  in  which  they  chieMy 
occur,  is  of  Middle  or  Upper  Cambrian  a^e — a  conclusion  to 
which  the  study  of  the  otW  ibsdls  ftom  this  band  has  already 
led.^  Fragments  of  Olendlus  were  obtained  from  the  cleaved 
'Fucoid  fieds"  luar  Heilim,  on  Loch  EireboU,  by  Messks. 
Macconochie  and  Tait.  This  is  the  Hrst  record  of  trilobites 
from  this  region.  w1ii(  li  is  classic  in  the  hiiitory  of  the  rocks  of 
the  North- West  iiigklands. 

Sii(cri((,n. — A  further  search  was  made  by  Mr.  Tait  in  the 
Ludlow  and  DowiiLoiHau  rocks  of  Avrhhire  and  Liinarkshire, 
with  the  result  that  fragments  of  tne  fish  Birkmia  degnns, 
hitherto  only  obtained  ftom  the  Downtonian  rooks,  was  got  in 
the  Ce^utiomrU'haad  of  the  Ludlow  rocks  on  the  Logan  water 
above  Lesmahagow.    The  materials  obtained  from  the  Do\ni- 
tonian  rocks  luu'o  been  studied  by  Dh.  THAf.vrAHi,   and  tho 
results  have  been  embodied  in  a  paper  piililislied  l)y  him ,+  He 
remarks  that,  "  Two  additiouRl  specimens  of  Lc^" /"  "•>•,  eollei-ted 
by  Mu.  Tait  at  Segghohu  since  mv  notes  at  p.  TiiiT  were  in  lyne, 
indicate  a  new  species  distingidslied  from  L.  pniffUmaticmby 
the  considerably  greater  proportional  size  and  length  of  the  spurs 
or  thorns  borne  by  the  median  scutes,  and  whicn  I  propose  lo 
designate  Lasa  inas  tinuotus.    In  one  oi  these  two  examples 
the  rays  of  the  acutely  bilobate  heterocercal  tail  are  presened. 
*     the  arrangement  of  wfuch  furnished  the  long  desired  clue  t'/  the 
position  of  the  median  row  of  scutes,  proving  that  they  were 
placed  along  the  ventral  margin  of  the  uodjy.    Consequently  it 
IS  now  very  iuipn)bable  that  the  gridiron-h'ke  ari*angement  of 
ossicles  in  the  luiterior  part  of  the  body  hatl  aJiything  to  do  with 
the  support  of  the  branchia\" 

Old  Riid  fkm^f stone. — Further  remains  of  pl.ints  were  <ibtnincd 
from  a  new  locality  in  the  Lower  Old  Red  Sandstone  of  AiTan 
on  the  south  side  of  Glen  Kosie  not  tar  fioni  tiie  boundary 
fault.  In  gning  over  the  material  obtained  by  him  last  season 
iruiii  the  Lower  Old  Tied  Sandstone  exposed  in  the  milway 
cutting  about  a  mile  from  Oban,  Mr.  Tait  observed  the  casts 
of  what  appeared  to  bo  ostraoods.  Some  specimens  were  sent 
to  Mr.  James  W.  Kirkky,  who  conHrmed  this  identification. 
The  fossils  were  subsequently  submitted  to  Professor  Rupbrt 
Jokes  who  refers  them  to  the  genera  Aparctiiieat  laochilina, 

*  Sutnman/  of  Progress  for  1888,  p.  65. 

t  Ttutuactiom  of  the  Eoyal  SocieUj  qf  Edinburgh,  vol.  xuix.»  pp.  827- 
864. 
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snd  Bey  rich  ia  (t),  ot  Drejptinelhi,  one  of  tihe  Utter  being  (Mr.  B.  N 
curiously  like  the  Beyrirhia  (?)  Hofli,  Jones.  Along  with  these  ^**«***)  ^ 
casts  orrur  the  remains  of  (*p[>}i(dHfiins  and  Pteryfpfus. 
Althnufrh  ostracods  are  plentitid  in  t  lio  Devonian  Rocks  of  the 
South  of  England  and  the  bivalve  phyllopod  Edhcrui  is  common 
in  the  Caithness  fli^s,  this  is  tue  first  recorded  instance  of 
undoubted  ostracods  having  been  found  in  the  Lower  Old  Red 
Sandstone  of  Scotland. 

Cwi^Hytiiferoutt. — A  further  collection  <>f  r'arboniferous  fossils 
from  the  streamlet  flowing  into  tlir  Sliddery  Water  at  Sliddery 
Water  Head  was  made  hv  Mu.  Tait  last  season.  The  disfovorv 
has  alreiidy  1km>ii  aiinouiuM'd  of  iUirlnrii  'n'oln  (A  nthrtfro.^id  )  ((cnfa, 
together  with  tish  remains  in  this  section*  the  general  facies  of 
the  organisms  indicating  the  horizon  of  the  true  Coal-measures. 
'With  Uiese  remains  there  were  also  discovered  fraements  of  plants 
characteristic  of  the  Lower  Carboniferous  subdimions.  The 
fossils  collected  this  season  help  to  defino  more  precisi  ly  the 
boundary-line  between  the  Upper  and  Lower  Carboniferous 
ror-ks  in  this  .section.  The  evidenee  aftoi'ded  by  the  various 
bund.s  ex]  )o.scd  in  the  Sliddery  VVatcr  may  bo  tabulated  as  follows 
in  desceiidinL:  order. 

4.  ¥mQ  Tiid  mudstones^  with  numerous  ftiM^imens  oi  Nevropteii's 
heteropht/lln,  a  charactenstio  Coal-measure  fom,  and  a  specimen  of 
Spiromjium  caH'oniriini  (ScUmper),  .sup]x>Hed  at  one  time  to  be  a  plant,  but 
now  thou^bt  to  be  the  <»^?  c«tpaulf;  or  a  placoid  fi.sli,  and  known  m 
ValitQxyrU  caHxmiais.  Tliie  form  has  hitherto  been  recorded  from  only 
ooe  other  locality  in  Scotland,  Wuodhead  Quarry,  near  Kilmanra,  Ayrshire, 
in  stratii  belonging  to  the  lowest  memheri  of  the  ( '  I  measures. 

3.  Thin  mnsscl  band  iroriRtone  (2  n  iiicbes)  charged  with  Caiifontcola 

{AjifhrariisHi)  nrufn  and  C.  (A.)r'il,;i.<ta. 

2.  Grey  and  red  shale  yielding  the  following  fishes  :—Platysomits  p<irru- 
/lur.  Meffolkhthys  friliberh\  Rkitodnpti*  muroideg,  Sheptodut  muroideity 
DijAtjduit  sp.  Pleurojilur  Kp.  /Ifffxhis  tp.  together  with  the  plants 
I^pidodendron  velfheim>nrivm,  Fjf'pidnstrobus,  StKjmaria,  and  Cah mites. 

1.  Ro<l  tuff,  containinj?  chiefly  calainites,  the  most  abundant  form  being 
AftrwalnviUe*  srrohiniiatus,  a  cbaracteri.stic  Lower  Carboniferous  form. 

It  thus  upjKMns  that,  the  fossils  of  bed  or  zone  1  iire  charac- 
teristic of  the  Lower  CWboniferous  formations  (/.r  .,  Calciferous 
Sandstone  and  Carboniferous  Limestone  series)  ;  those  of  bed  or 
zone  2  show  a  comminj^ling  of  forms  belon«(ing  partly  to  the 
Lower  and  partly  to  the  Upper  Carboniferous  divisions,  while 
those  in  beds  or  zones  3  and  4  are  continod  to  the  upper  division 
(?>.,  Millstone  Grit  and  Coal-njcasuies).  Jt  is  evident,  therefore, 
that  bed  or  zone  2,  represents  paljeontologically  the  pa.sjijige- 
zone  between  the  two  great  divisions  oi  the  Carboniferous 
system. 

MkcBtie, — ^The  specimens  obtained  from  these  zones  in  Skye 
by  Messrs.  Macconocthie  and  Tait,  were  forwarded  to  Jermyn  " 
Street,  where  they  have  been  examined  by  Mb.  Newton  and 

Dr.  KiTCHiy  as  stated  on  p.  133. 
The  palieontological  collections  of  the  Survey  ol  Scotland  have 


*  Summary  qf  Frogreu  for  18d7,  p,  113. 
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(Mr.  li.  N.  ])eou  trocly  placed  at  the  dispo.sjjl  of  experts  enj^aged  in  workiii>c 
I'Moh.)  out  any  oi  the  groups  of  fossiU  t  here  repre&eiited.  These  col- 
lections are,  as  far  as  possible,  displayed  to  the  public  in  the 
ffallery  assigned  to  the  Survey  in  the  Edinburgh  Museum  of 
Science ;  some  of  the  specimens  ftre  necessarily  still  retained  at 
the  Survey  ( )ttice  for  purposes  of  study  and  comparison.  Among 
those  who  have  made  use  of  the  Scottish  specimens  collected  by 
the  Survey,  refrrencf*  mny  be  made  to  Miss  Donald,  who  haii 
ti^ured  aud  deserihed  ((^^ Joaru.  Genl.  Sar.,  vol.  Iv.,  1899), 
several  specimens  ui'  Cambrian  gasteropoda  from  the  Dumees 
limestone.    These  are  : — 

Ectonmrin  jHiyodUf  vai.  J'eachi.    I'late  xxi.,  ligs.  1  and  2. 

„  „      var.  ortentnlift.  Plate  zzL,  fi|^.  3  and  4. 

Hormiotoma  aaOigua,  Plato  xxiit  ^*  9* 

Dr.  Wheblton  Hind  has  named  for  the  Surve}r  a  lar?e 
number  of  Lower  Carboniferous  lamellibranchs  from  Lidd.  srlaie, 
and  has  also  figiiretl  and  described  in  a  Monograph  of  the  British 
Carboniferous  rifimollibranchiata  (PalafmUygrapkical  iiociety^s 
•Puhl'vcationHt  1897),  the  following  species: — 

Myall na  siMnmelh^a.    Plate  v.,  figs.  6,  7,  8. 
Suculaiui  Shtjui^manu    Plate  xv.,  figs.  19-2*2. 
„      sUUa.  Plate  xt.,  figs.  24,  25. 

Dk.  TuAguAiH,  in  addition  to  writiiuj  the  important  Memoir 
on  the  Silurian  fishes  belon<nn'^  to  the  Gcoloincal  Survey  already 
rofened  to.  has  revised  ti£  nomenclaturo  ot  the  specHneiu  ot 

fossil  fishes  exhibit  (  I  i  i  the  Museum.  He  also  transferred  on 
loan  from  the  Natural  Uistoty  section  to  the  Geological  Survey 
cases  several  du|)li(  ate  .specimens  of  fossil  fishes  from  the  Caith- 
ness Hagstones.  These  form  a  useful  supplement  to  the 
sp«  riuu  ns  nlrendy  in  the  Survey  collection.  Dr.  TnAgf  AiR 
iias  al.so  [>iesented  to  the  Survey  a  set  of  his  figiu'es  of  the 
new  Silurian  fishes,  while  Mr.  Newton  has  ^ven  copies  of  the 
plates  that  illustrate  his  Memoir  on  the  Elgin  Reptiles. 

Mr.  Kidstox  has  revised  the  nomenclature  of  the  Carboniferous 
plants  exhibited  in  the  Sxurvey  collection  in  the  Museum. 

IV.—PRACTICAL  APPLlGATlOKii  OF  THE 

WORK  OF  THE  GEOLOGICAL  SURVEY. 

AppHcations  for  information  on  geological  matters  have,  as 
usual,  been  numerous  at  the  offices  of  toe  Survey  in  London, 
Edinbuigh,  and  Dublin.  From  the  London  Office  assistance 
has  been  atTordtd  to  the  Local  Government  Board,  the  Colonial 
Office,  and  the  Agent-General  for  New  Zealand.  Advice  on 
various  subjects  connected  with  mining.',  well  f^inking,  soils,  sites 
for  houses,  &c.,  ha?;  Imh  h  lovoii  as  fnr  as  possible,  personally  and 
by  letter,  to  those  who  li.ivc  .sougla  for  inforiaaLiun. 

It  \\k\^  been  suggested  by  the  Loeiil  Government  Board  that  it 
would  be  much  to  the  public  advantage  if  arnuigements  could 
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be  made  whereby,  on  the  request  of  the  Roard,  otiicers  of  the 
Geological  Sui-vey  shfMild  he  sent  to  examine  and  report  on  any 
district  where  particulars  might  be  required  by  that  Depart- 
ment relating  to  water  supply,  the  pollution  of  springs,  sites  for 
bnrial-^unos  or  sewage-mrms,  or  other  subjects  where  precise 
geological  information  is  necessanr.  The  matter  is  now  before 
the  Lords  of  the  Comnuttee  of  (Council  on  Kdu(;ation,  and  it  is 
hoped  tliat  the  suggestion  will  l)e  carried  into  eftect. 

At  the  Edinburgh  Office  of  the  Survey  the  number  of  iippli*  "i- 
tions  by  the  public  for  information  of^  a  practical  kind  wlitu  ii 
geological  knowledge  is  involved  have  Ixjen  larger  than  m  pre- 
ceding years.  They  comprise  enquiries  relating  to  the  position 
of  coal-seams,  limestones,  ore^,  suitable  building  stones^  &c.» 
and  also  questions  of  water-supply,  and  the  character  of  sub- 
soils. As  an  illustrative  example  reference  may  1)0  made  to  enquiry 
by  Dr.  Aitken,  Medical  Otiicer  of  Health,  Brighton,  regarding 
the  nature  of  the  rocks  and  sub-soils  of  Edinburgh  in  con- 
nection with  a  Report  on  the  foinjiarntivc  prevalence  of  diarrhcea 
on  certain  soils  in  several  of  the  larger  towns  of  the  country. 
The  desired  information  was  prepared  and  furnished. 

At  the  Dublin  Office  also,  constant  applications  continue  to 
be  made  in  regard  to  geological  information  of  an  economic 
kind.  Many  of  these  have  reference  to  mines  and  minerals, 
especially  to  coal  and  metalliferous  ores.  But  in  Ireland,  as  in 
the  sister  kingdoms,  the  most  frequent  subject  of  enquiry  is 
that  of  water-supply.  During  the  past  year  the  reports  in 
aiiswer  to  the.se  demands  have  somul  inies  been  necessarily  of  a 
detailed  cliaracter,  and  have  involved  the  drawing  of  sections  in 
explanation  of  the  geolomcal  structure  of  the  ground.  Among 
the  public  departments  that  have  availed  themselves  of  Survey 
assistance  in  such  malteis  wer<]  the  War  Department  and  the 
C'Ongested  Districts  Board  of  Ireland. 

V. -MAPS,  MEMOIRS,  SECTIONS.  &c., 
PUBLISHED  DURING  1899. 

A.  -  OFFICIAL. 

1. — JSngland  atid  Wales. 

SerifA  of  Onr  inch  Mapn. — Seven  shorts  of  the  New 
Series  of  one-inch  maps  have  been  published  during  last  year, 
viz. : — 

Sheet  155,  Atherstone.    Two  editions  with  and  without  Drift.  By 
C.  Fox-Strngaways  and  W.  W.  Watts  (Charnwood). 

Sheet  282,  Devizes.   One  edition  with  Drift.  By  F.  J.  Bennstt  and 

A    J.  JuKES-JiUOWNK. 

Sheet  315.  Southampton.  One  edition  with  Drift.  By  W.  Whitakbb 
and  C.  Keid. 

Sheet  325,  Exeter    One  edition  with  Drift.       W.  A.  £).  Ushhe^. 
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Sheet  339,  Newton  Abbot.   One  edition  witib  Drift  By  H.  B.  Wood- 
ward, W.  A.  £.  UssifFr:.  and  C.  Reid. 

Sheet  340,  Otterton-   One  edition  with  Drift   By  W.  A.  K.  IT5;sheb. 

Sheet  349,  Ivybridge  and  Plymouth.  One  edition  with  Drift  Br 

W.  A.  K.  T^SSHER. 

Old  Set  ies  o;  Otu-inch  .l/a/>«.— Sheet  19.    llevlsed  with  Additions,  by  J 
H.  B. wooBWABi>  and  A.  StraAan.  I 

Tlie  folluwiiig  One-iuoli  New  Series  nmps  arc  in  the  hands  of  1 
the  engravers :— 187,  203,  2:U,  and  316.  \ 

Vhna  for  printing  these  maps  in  colours  are  under  con- 
sideration. 

Stjr-ineh  Jfa;w.— NorthujnberlAnd.  —  8heet  Ku,  WhittonetaU.  By 

•       H.  H.  Howell. 

Yorkshire.— Sheet  19,  Hindcrwell.    By  O.  Barrow. 

Six-inch  Refcrevcc  Maps. — 9(5  MS.  Coloured  Copies  of  six- 
inch  sheets  and  quarter-sheets  have  hven  made  from  the  Heid- 
copies  find  deposited  in  the  ollico  tor  public  reference.  These 
are  as  follow  : — 

Breckuockshiro.— 31  8,E,;  32  S.W.;  37  N.E.,  S.E.;  38  X.W.,  8,\V. 

43  N.K.,  S.E.  :  60  N.W. 
Derbyshire.  -  57  N.E.,S.E.,  N.W,,  S.W.;  56  X.R,  RE.,  X.W.,  S.W.; 

'  m  X.W. 

Devonshire.  -  10:i  N.E,  S.E.  ;  106  X.E.,  X.W. 
1  )orset— 30  S.E. ;  39  S.E. 
(Jlainoriranshire.— 9,  11,  Ifi,  11,  44,  45,  48,  49. 
Hami)Hhire.~4ti,  57,  64,  00,  6G,  67,  73,  74,  75. 

LeiceRtCTshire.— 5  S.W. ;  10  S.E.,  ^^.W.,  S.W. ;  15  N.E.,  S.E.,  S.W.  ; 

10  N.E.,  N.W.,,  S.W.  :  17  N.E.,  N.W.  :  22  N.E.  ;  37  N.W. 
Middlesex. -10  N.E.,  S.E.;  11  H.W.,  fci.E  j  15  N.E.,  SE.,  S.W.;  16. 

N.E.,  N.W.,  SW. 
Shrop3hin..-3S.E.,  S.W. ;  9  N.E.,  N.W. 

Staflfordshire.-8  S.W.  ;  10  S.K.  ;  ii  N.E.,  S.E.,  N.W.,  S.W.  ;  12  N.E., 
N.W.,  S.W.:  13  S.W.  .  16  N.E..  S.E.j_17  N.E.,  S.E.,  N.W., 
S.W. ;  18  N.E:,  S.E.,  N.W.,  S.W. :  22  N.fe,»  RE.,*  N.W,,  8.W  * 
Wilt«hire.-67,  74.  75. 

Beviaed  editions. 


2. — Scotkmd. 

Two  shoots  of  the  one-inch  map  of  Scotland  have  been 
published  during  the  past  year,  viz. : — 

46^  einV>racing  part  of  south-west  rertlisliire,  extending  frcni  Looh 
Voil  on  the  S.E.  to  Loch  Tulla  in  the  X.W.,  and  the  valleys  of 
the  Fillan,  Dochart,  and  Lochay. 

86,  including  parts  of  AVx  iileenshire  and  Banffshire,  cxteiuHng.froni 
Grange  east  to  Fyvie,  and  -^outh  to  Huntly,  and  embracing  a 
large  part  of  the  valley  of  the  Dcveron. 

The  foUowinsf  sheets  of  the  one-inch  map  are  in  preparation. 

27,  containing  the  north  f>art  of  Islay. 

37,  including  the  district  on  both  sides  of  the  upper  imrt  of  Loch 

I'Vne. 

3b,  containing  {xirts  of  Argyllshire,  Dumbartonshire,  Perthshire,  and 
Btirlingshire. 

55,  showing   part    of   Perthshire,   including  Blair  Athole  and 

Dalna«?pidal. 

15,  new  edition,  embracing  part  of  the  Southern  Uplands  to  the  N.E, 
Itnd  aw.  of  Sanquhar, 
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Manuscript  copies  of  the  following  six-inch  maps  have  been 
made  and  deposited  in  the  oftice  for  public  reference 

Caithn^,  11-17. 
Skye,  88. 

3. — Irdand. 

It  vfViS  found  necessary  to  delay  the  issue  of  the  revised 
editions  of  Sheets  37  and  38  until  the  igneous  rocks  had  been 
re-oxaniined  as  stated  on  p.  5.  The  revision  has  boon 
complctod.  and  these  shf  ots  arc  now  jiuhlished.  Most  of  the 
other  sliucls  of  the  SiUu'ijin  districts  whicli  Lave  been  re"vnRed  to 
the  north  ot  Dublin  are  now  being  prepared  for  engiux  ing,  and 
will  be  issued,  it  is  expected,  in  the  course  of  the  present  year. 

The  following  (bi plicate  copies  of  six-inch  maps  have  been  made, 
and  are  deposited  in  the  office  for  reference  by  the  public : — 

County  Antrim.— Part!*  c«f  Sheets  4,  5,  and  9. 
„      Down. — Part.s  of  Slieet.s  4.">,  4(5,  fiO,  .'il. 

„     Mayo.    Sheets  82,  93,  114,  and  pai  ts  of  Sheets  61,  65,  66,  67, 

68,  74,  81,  J>2,  93,  IW,  106,  ll.'i. 
„      Tvrf)ne.    Part  of  Sheet  1 
„     Wicklow.- Shectii  15,  2^  and  2Q. 

II.-MEMOIBS. 

A.  —  Official. 

1. — Engkiiid  <(n>I  Walrst. 

Durinj?  the  past  year  the  loiiowing  six  Memoirs  have  been 
published : — 

"Summary  of  Progres.**  of  the  Geological  Survey  of  the  United 
Kingdom  for  1898,"  pp.  vi.,  216.   Price  1». 

"Th«  Geo]o<ryof  Ilelfoi  tl,  Holy  Island,  and  the  Fame  Islands,  North- 
umberland." (Explanation  of  Quarter-sheet  110  S.E.,  Old 
Series  ;  4  New  Series.)  liy  Wiluam  Gunn,  pp.  iv.,  1  ">.">. 
Price 

"The  Geology  of  tlir  ('<  tmtry  around  C'arlisle."    (Explanation  of 

Sheet  107,  Old  Scrii.s  ;  10  and  17  New  Series.)   By  T.  V. 

Holmes,  pp.  iv.,  64.  Price  Is.  ad. 
"The  Water-supply  of  Sussex  from  rrKlojrroun.l  Sources."    By  W. 

WuiTAKER  and  Clement  Keid.,  pp.  iv.,  12.3.    Price  3s. 
"The  Geology  of  the  Country  an^und  Dorchester.''    iiy  Clement 

liEiD.,  pp.  iv.,  ')2.    J'rice  l8. 
"The  (  JeoloL-y  of  the  South  WaleM  Vni)  held.  "    Part  1.,  The  country 

around  Newpoit,   -MouDJouthiibire,     By  Aubrey  Steauan, 

pp.vi.,97.   Price  88. 

Tho  following  Memoirs  are  in  difterent  stages  of  progress : — 

"  The  Cretaeeotts  Rocks  of  Britain,**  vuL  i.  The  Qeult  and  Upper 
Greenaand  of  England.    By  A.  J.  JtTKBS^BBOWNB.    {In  the 

Prcfs.) 

"  The  Gc(»logy  of  the  Ii*!c  of  Man. '  By  G.  W.  Lamplvch.  {Partly 
in  ti/pe.) 

"The  Geol'gy  of  the  country  1)ctween  Ather.^tonc  and  Charnwood 
Forest.^  By  C  Fox-t>TRANuwAYt*.  {Aetirlt/  reaily  Jor  the 
pft'infer.) 

"Guide  to  the  Geology  of  London."  By  W,  Wbitakeb.  6th  edition. 

(In  /n'e/t't)  'tfi'un.) 

"The  Geology  of  the  country  around  iCiiigsbridge  and  Salcombe.  By 
W.  A.  E.  U88HER.    {Xear/}/  ready  for  (he  printer.) 

"The  Cretacpons  Rocks  of  Britain,"  vol.  jj.  (^halk  of  England.  By 
4-.  J.  J  uKfi8-B|iown£.   {M6,  nearlj/  ready  Jw  the ^mnUr,) 
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'*  The  Geology  of  the  country  around  Reading."   By  J.  H.  Blak£. 

(/«  /irejxirxtion.) 

"  The  Water  811  ]  >ply  of  Berkshire."  By  J.  H.  Bla ke,  with,  oontoibutions 

h\  \V.  W  HiTAKER.    (Nearly  retidy  for  pnnterJ) 
"  The  Geology  of  the  South  Wales  Coal-iicid  :~ 

Part  8.  The  country  around  Abergavenny.   By  A.  Strahait, 

J.  n.  Dakyns  and  W.  Oihson.     (X'  trli/  yt'iJ;/.) 
Part  3.   The  coimtry  around  Carditf,    By  A,  Sx&AHAN  and 

T.  C.  Cantkill.    {Ill  pre  I  ki  ration.) 
Part  4.  The  ( outury  around  Font>;pridd.    By  A.  SntAEAK^ 
B.  U.  TiDDBMAV  and  W.  Qibsoh.   (/in  prtepofu/ton.) 

2. — Scothmd, 

The  lar^o  Memoir  on  the  Silurian  Bocks  of  Scotland  referred 
to  in  previoiis  Animal  Re/jfKjrU  was  published  last  summer.  It 
forms  an  octavo  volume  of  749  pages,  with  twenty-seven  plates 

and  121  fij^ures  in  the  Text ;  also  a  coloured  map  and  sections. 
It  forms  the  first  of  the  series  of  Strati^jfraphical  I^lonognraphs, 
which  has  lieen  entirely  dcvotiMl  to  the  ideology  of  Scotlana. 

Anotlier  not  less  important  contribution  to  the  geology  of  the 
country  is  that  on  the  North- West  Highlands,  to  which  allusion 
was  made  in  the  last  Annual  Report,  As  the  literary  work  can 
only  be  undertaken  during  the  season  when  field  work  has  to  bo 
abandoned,  the  progress  of  so  voluminous  a  Memoir  as  this  must 
be  necessjirily  slow.  But  so  mnoh  of  it  has  now  been  completed 
that  the  iMS..  it  is  eonfidently  hoped,  will  he  ready  to  bo  sent  to 
the  printer  before  the  autumn  of  this  year. 

fn  connection  with  the  preparation  of  tlie  Memoir  on  the 
Nortli-West  Highlands  it  may  be  added  that  Mr.  Robert  Lunn, 
of  the  Edinburgh  Office,  has,  during  the  past  season,  visited  the 
ground,  and  has  taken  fifty  photographs  of  rock-sections  and  of 
escarpments  of  Torridon  Sandstone,  a  selection  from  which  will 
bo  used  MS  illnstrations  of  the  Memoir.  While  in  the  north  he 
also  took  thii  tv  |)li(»t'>i_n'aphs  of  seetions  of  Jurassic  roeks  in  tlie 
district  of  Brora,  Sutherlandshire,  for  the  iliustratiou  of  these 
rocks  in  a  Survey  Memoir. 

No  explanatory  Monioir  ol  Sheet  40  (^I'ite  and  Kinross)  havijMf 
hitherto  Deen  prcpariKl,  and  no  member  of  the  staff  being  avaif 
able  for  this  duty,  the  Director-General  undertook  the  work 
himself,  and  before  the  end  of  the  ywir  coiujfileted  it.  The  MS. 
is  only  waiting  for  the  completion  of  the  Appendix  of  Fossils, 
and  it  will  1»e  sent  tn  tlie  ]n-inter  as  soon  as  tli.it  ean  he  prepared. 
Another  Memoir  e\]>lanat()iy  nf  Sln^'t  41  (Eastern  I'^ifc)  will  he 
taken  in  hand  liy  the  Direclur-Uoneral  duiiiiif?  the  spring.  Other 
Memoirs  are  in  proj'ress,  including  one  on  L'antyre  by  Mks.sks. 
SvMEs  and  Hill,  and  one  on  Islay  by  Mr.  Wilkinson. 

m. -SECTIONS. 

Tlu'ee  Shef^ts  of  Vertioal  Sections  t()  further  illustrate  the 
South  Wales  Coaltield  had  been  ai-ran^^'-ed  during  the  early 
part  of  the  year  by  Mr.  STii.\HA\,  and  they  were  drawn  to 
scale  by  Mr.  Gilbert  Williams,     L  nlurtunat^ly,  when  thg 


Digitiiica  by  G 


PUBLICATIONS. 


193 


work  was  almost  coniplutcHl  by  tha  litho*^'mj>lirrs,  the  l)iiil(linff 
in  which  the  stones  and  tho  orijj^iuiii  (IniwiuLT^  \\i)r*j  placed, 
was  destroyed  by  hru,  ami  no  portion  of  the  work  was  pre- 
served. Steps  liave  been  taken  to  re-draw  the  sections  and  to 
issue  them  at  as  early  a  date  as  may  be  practicable. 

B. — Non-Official. 

The  following  is  a  list  of  the  non-oificial  publications  of  the 
members  of  the  staff  during  the  year  1A99: — 

Clouoh,  C.  T.,  and  Alfbbd  Haskeb. — ^Od  a  Coarse  iv  Sphenilitic 
('  Variolitic ')  Bault  in  Skye "    Trans.  Edtn.  OeoL  Soc.,  vol.  vii.,  pp. 

381-389. 

Clough,  C.  T.,  and  Du.  W.  Tollahd.  "  Oa  Spinel  an<l  Forsteiite  from  the 
Qlenelg  Limestone  (Invemeefr-ahire)."  Cjnart  Jonm.  Geol.  Soc,  toI.  Iv., 

pp.  ni-i  3«0. 

GEiiQE,  HlB.  A.— liutton'a  ''Theory  of  the  Earth,  with  Froofn  and 
ninstrations."  Vol.  lii.  Edited  by  Sir  A.  QEiKn;.  8vo,  London. 

Geikie,  Sir  A.—"  Presidential  Address.  Section  (  '.,  ( :i><>l(*-y,  British 
Association.    Dover,  \m)"    Rep.  P»rit.  Assoc.  for  \mi)  (liHn}),  |)p.  71^  730. 

(JlB«ON,  W. — "  Some  liecent  W<*rk  among  the  Upper  (.'urKoniferoiLs 
liocks  of  North  Staftprdwhire  and  its  fkvirijig  on  (Vmcealed  C'oallields," 
Jiep.  I^rit.  A.saoc.  for  1890  (1000),  pp.  738,  739.  Gcol.  Mag.,  Dec  iv., 
vol.  vi.,  pp.  o<>o,  506b 

QrsHON,  W.,  and  Db.  Whbelt«»n  Hi»i>.  -**  On  the  Ag.^lome^ates  and 
Tuffs  in  tliH  Carlxmifenms  Limestone  Serie  of  ('niut*  ton  Edge."  With 
Apt>eDdix  by  U  H.  Abnold-Bbmrohk.  Quait.  Juurn.  (iuol.  iSoc,  vol.  Iv., 
pp.  r»48-r)r,9. 

(joootuiLD,  .r.  (i.— ''  The  fiedaluel  KaioiK."   Proc  Berwick  XatM. 

Field  Cluh,  pp.  295-312. 

GooDOUUJ),  .J.  G. — "Gn  the  (  Jene>^i .  of  s«>me  Scotti.sh  Minerals."  IVoc. 
Roy.  Phys.  Soc.  Edin.,  vol  xiv.,  p^i.  iHl-iiO. 

(JooDcuiM),  J.  G.— ''Guide  to  the  collection  of  8cotttah  Agates."  Edin. 
Murt.  Science  and  Art,  1899. 

(lUNN,  W.— "Notes  on  the  rocks  about  Herwick-ui>mi-Twe<*d."  i'ror. 
Berwick  Nat  Field  Gub,  vol.  xvi.,  p.  313. 

Harkkr,  Alfred.— " Chemical  Notes  on  Lake  District  UockH." 
Aatumlistt  pp.  .'j3-08,  149  154. 

Habkxb,  Alpbrd.—"  Glaciated  ValleyR  in  the  (hiillins,  Skye."  Geol. 
Ma«.,  Dec.  iv,,  vnl.  vi.,],]..  I!m-19!>. 

Marker.  Alkred.  -  "Oh  the  Average  Compo«4tion  of  Briti-sh  IgiHyJus 
Bo«  kri.'^    Ibid.,  jip.  22t>  -i-l-^. 

Karker,  Alfred. Notes  on  Suhaerial  Erosion  in  the  Bile  of  Skye.*^ 
Ibid.,  pp.  485  191. 

UiLL,  J.  B. — "  On  the  I'rcMjreiisivc  .NbtUuuorphism  ot  some  iJalrotlian 
Sediments  in  the  Region  of  Loch  Awe."  Quart.  Journ.  Geot.  Soc,  vol.  Iv.. 
pp.  470-498. 

Hill,  J.  B.-~"The  Lower  Palneozoic  Rock»  of  the  Sonth  of  Scotland, 
viewed  in  connection  with  the  Lower  Rilteozoic  Rocks  of  Cornwall.'* 
Trans.  Roy.  Geol.  Soc ,  C<»rnwall. 

Jukes  Browne,  A.  J.  "The  Snl merged  Platform  of  Western  fiurofie." 
Geol.  Mag.,  Dec.  iv.,  vol.  vL,  pp.  94 

Jdkbb-Bbowkb,  A.  J.— &ne8  and  *  CShronological '  Maps."  Ibid.  pp. 
216  219. 

Jukeh-Browne,  a.  J.—"  The  As.<40ciatiou  of  ^ivhlatnftacUin  mjia/a  with 
JIfrtdites  iHten-nptutf."   Ibid.,  i)p.  234,  235. 

Kyn ASTON,  fl.~"  Contribution.s  to  the  Petrology  of  the  Cheviot  Hills." 
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APPENDIX. 

Catalogue  of  Types  and  Fioubed  Specimens  from  the  Eocene 

and  OuoocBME  Series  praserved  in  the  Museum  of 
Pzacticftl  Geology. 

By  H.  A.  Allen,  F,G.S. 

N.B. — The  letter  T  indicates  thai  the  specimen  is  the  t^e  of  the  ^cies- 
7%'  vh'utity  of  some  few  specimens  is  not  qmie  eerlain;  them  (m  nwrked 
[Soubtful]. 


Plants 

Ahiites  1  MacOnarrii.  Forbes.  T. 
E.  Forbea,  Quait.  .lourn.  Gcol.  Soc.,  voL  vii.,  1861,  pL  iv.,  f.  3,  p.  103. 
Eocene.  Aratun,  Mull. 

Andromeda  reticulata^  Ett. 

O.  Heci,  PhiL  TranSn  vol.  152, 1863,  pi.  Ixviil,  figs.  10, 11,  p.  1067. 
Bagsbot  Series.  Bovey  Tracey,  Devon. 

Anona  cyclosperma,  Heer. 

O.  Heer,  Phil.  Trana.,  vol  152, 1863,  pL  Ixz,,  f.  4^  p.  1072. 
Ba^fshnt  Serie.**.  Bovuy  Tiucey. 

Anona  1  devonica,  Heer.  T. 
O.  Heer,  Phil.  Trans.,  vol.  162,  IbUfi,  pi.  Ixx.,  tigs.  1,  2,  3.  p.  1071. 
lliV!?Hhot  SerisR.  Bovey  Tracey. 

Apeiobopsis  Symondsii,  l)e  la  Harpe.  T. 

De  la  Harpe,  Mem.  Geol.  Survey,  Isle  of  Wight,  1862,  pi.  vi.,  f.  5,  p.  116. 
Bagshot  Renes.  Creech  Banrow,  Corfe  Castle^  Donet. 

Aridia  primigenia,  Dc  la  Harpe. 

De  la  HariH?,  Mem.  Qeol.  Survey,  Isle  of  Wight,  186i',  pi.  vii.,  t.  4,  p.  117. 
Lower  Bagshot  Series.  Alom  Bay,  Isle  of  Wight 

Alalia  primigenia,  De  la  Harpe.  T. 
Dc  la  Harpe,  Mem  Oeol,  Survey,  Isle  of  Wight,  1862^  pi.  vii  ,  f.  5,  p.  117. 
Lower  Baguhot  Series.  Aluiu  Eay. 

Buds.  T. 

J.  D.  Hooker,  Quart  Jouro.  GeoL  Soc,  vol.  x.,  1854|  pi  iv.,  f,  25, 
p.  168. 

Beaoing  iSeriee.  Beading; 

iSmuipbdk  mniila^  Heer. 

De  la  Harpe,  Mem.  Geol.  Survey,  Isle  of  Wi^t,  1862,  pL  v.,  f.  6, 

p.  n«. 

Luwer  P.Rirshot  Series.  Alum  Bay. 

CsBsalpinia  Bowerbanki,  i)c  la  Harpe.  T. 

De  la  HarjKj,  Mem.  Geol.  Survey,  Isle  of  VVi^jht,  pi.  v.,  f.  10, 

p.  119. 

Lower  Bagshot  Series.  Alum  Bay. 
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Ctosalpinia  ?  brevis,  I>o  la  Harpe.  T. 
De  la  Ilarpe,  Mem.  Geol.  Survey,  Isle  of  Wight,  186£»  pL  12, 13, 

iia 

Lower  Bagehot  Series.  Alum  Bay. 

CMalpiida  7  mollif,  De  la  Harpe.  T. 
De  la  Harpoi  Mem.  QeoL  Surrey,  Me  of  Wighti  1868,  pi      f.  14^ 

Lower  r.a--h<it  Series.  Alura  Bay. 

Casalpinia  Salteri,  I  )e  la  Harpe.  T. 

Do  la  Harjio,  Mem.  Geol.  .Survey,  Isle  of  VVight^  1862,  pi.  v.,  f,  II, 

p.  Hi). 

Lower  Bagsibot  Series.  Altun  Bay. 

(krpolithes  exaratuai  Heer.  T. 
(  ).  Heer,  Phil.  Traiia.,Tol  n%  1863,  pi.  lzx.,iig&  24-27,  p.  1079. 
Ba^^shot  Series  £ovey  Tmcey. 

Carpolithea  lividus,  Heer.         i  T. 
O.  Heer,  Phil.  Trana.,  vol.  162,  1863,  pi.  Ixx.,  figt).30aiid  31,  r  1"^^ 
liiigshot  Series.  Bovey  Traoey. 

Carpolithes  vinaceus,  Heer.  T. 
O.  Heer,  Phil.  Trautt.,  vol.  152,,  1863,  pi.  Ijtx.,  f.  28,  p.  1080. 
Hagshot  Series.  Bovey  Tracey. 

Carpolithea  Websteri  (Bi-ongn.),  Heer. 

O.fieer,  Phil.Traua ,  voL  152, 1863,  pl.  Ixx.,  iig.  6,  p.  1075. 
Bae^hot  Seriett.  Bovey  Traoey. 

CUBM  Ungeri,  Heer. 

De  la  Harpe,  Mem.  Geol.  Survey,  Isle  of  Wight,  1862,  pL  v., 

Lower  Bagsnot  berios.  Alum  Bay. 

dnBamomnm  lanceolatum,  Heer. 

O.  Heer,  Phil.  Trana.,  vol,  152,  1863,  pl.  Ixvii.,  figa.  1, 2, 4 ;  pL  Iviil,  f.  U 
p.  1063. 

Bsgihot  Series  Bovey  Tiaeey. 

dnnamomiim  Bosimaaaleri,  Heer. 

O.  Heer,  Phil.  Tr^,  vol.  162,  1863,  pV  ixvii,  figs.  17,  18,  p.  I0(i2. 
Hagshot  Series.  .  Bovey  Traoey. 

dnnamomitm  Scheuchzeri  Hocr. 

O.  Heer,  Phil.  Trans.,  vol.  162, 186.%  pl.  Ixvil,  figs.  11, 14, 16,  p.  1063 

lia^fshot  Serie«.  Bovey  Tiaeey. 

Cyperites  deperditne,  Heer. 

O.  Heer,  Phil.  Trans.,  vol.  152,  1863,  pl.  Ijl,  f.  64,  pu  1056. 
BassDot  Senas.  Bovey  Traooy. 

Daphuogene  Ungeri,  Heer. 

O.  Heer,  Phil.  Trans.,  vol.  152, 1H63,  pl.  Ixv.,  fign.  i,  2,  p.  1064. 
Bagshot  Series.  Bovey  Tmcey. 

Dtlbergial  Stlterl,  De  la  Harpe.  T. 

De  la  Hanie,  Mem.  Geol.  Survey,  Isle  of  Wight,  1862,  pl.  v.,  f.  9.,  p.  118. 
Lower*Bag8hot  Senes.  'i^y^ 

Bryandra  acatiloba  (Brongn.) 

De  ia  Hary     Mem.  Oed.  Survey,  Isle  of  Wight  1862,  pl.  vii.,  figs.  6 

ana  7,  p.  1 15. 

Lower  B^ignhot  Series,  ^  mi  i  i^y 
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Bryandra  Bunburyi,  De  la  Harpe.  T. 
De  la^Harpe,  Mem.  Geol.  Survey,  Isle  of  Wight^  1862,  pi.  v.,  f.  4,  ^^^^* 


Lowir  Bagihot  Series.  Alum 

XeUtoneiun  entpidfttiim,  Heer. 

O.  Heer,  Phil.  TVaiia.,  vol.  152, 1863^  pL  Ixiv.,  f.  S»  p.  1068. 
BagBbot  Series.  Bovey  Traoey. 

Blnodendron  ?  Heeri,  De  la  Harpe.  [Donbtfall  T. 

Dc  !a  Harpe,  Mem.  Geol.  Survey,  Isle  of  Wight»  1862,  ]>1  v.,  f.  5,  p.  lU 

liagshot  Series.  BoumeiDOUtb. 

Equisetnm  Campbellii,  Forbe*.  T, 
R  Forbes,  (^uart.  Journ.  Geol.  See.,  vol.  viL,  1851,  pi.  iii.,  figs.  6a,  6fr, 
p.  108. 

Eocene.  Ardtun,  Mull 

neu  Bowerbaiildj,  De  la  Hazpe.  T. 
De  la  Harpe,  Mem.  Cteo.  SuFvey,  IsleT>f  Wight,  1882,  pi.  vL,  fign.  1  and  2, 

p.  112. 

Lower  Bagshot  Series.  Alum  Bay, 

Ticos  eac&Iyptoides,  Heer.  T. 
O.  Heer,  Phil.  Trans.,  vol.  152,  1863,  pi.  Ixv.,  fig».  9,  4,  p.  lo61. 
Bagshot  Series.  Bovey  Traoey. 

Ficufi  Falconeri,  Heer.  T. 

O.  Heer,  Phil  Trans.,  vol.  152, 1863,  pi.  bdii-,  f.  hi ;  pi.  hriv.,  fig.  7, 

t).  1060. 

BagHiiot  Series.  Bovey  Tracey. 

Picufl  Forbesii,  T>e  la  Harjw.  T. 
De  la  Har^  Mem.  Geol  Survey,  Isle  of  Wight,  1H«2,  pi.  vi.,  f.  i,  p.  1 IZ. 
Bagshot  Senes.  Creech  Barrow,  Corfe  Castle,  Dorset. 

Ficus  granadilla  (M;i8»al.). 

De  la  Harpe,  Mem.  Geol.  Survey,  Isle  of  WigUtwl8ti2,  pi.  vi.,  f.  3,  p.  113, 
Lower  Bagshot  Series.  Alum  Bay, 

FicoB  Pengellii,  Heer.  T. 
O.  Heer,  PhiL  Trans.,  vol.  152,  ibij^y  pi.  Uv.,  f.  8,  p.  1061. 
Bagshot  Series.  Bovey  Traoey. 

VmoltMt  h«hrldieiiB,  ForiMs.  T. 

E.  Forbes,  Quart.  Journ  Con]  SfM-   vol  vii  p|.  ii.^  figs.  2<r,  2/>, 

fcl03.   Befijmred  a**  Onocie^  liebraidica,  J.  S.  Gardner,  *'  E«jcene 
on,"  Mod.  Fsl.  So&,  188^  pi.  ziiL,  figs.  5, 5a,  p.  68. 
Eocene.  Ardtun,  Mull. 

Gardenia  Wetzleri,  Heer. 

0  Re  r,  Phil.  Trans.,  voL  152, 1863,  pL  Ixix.,  f.  1,  p.  lor,9 

Bsi^bhot  Series.  Bovey  Tracey. 

OoBlopttria  itiriMa.   Fide  Lattraa  rtiriam. 

XMtr»a  (CN>niopteris)  BimlniTii,  Heer. 

O.  Heer,  Phil.  Trans.,  vol,  152, 1663,  pi  IxiiL,  figs.  1  A,  c,    p.  1046. 
Bagnhot  Series.  Bovey  Tracey. 

LMtraa  (Goniopteris)  stiriaca,  Heer. 

O.  Heer,  Phil.  Tram  ,  vol.  152,  lBr>:^,  p]  Ivi.,  figs.  9, 10,  11, 14, 15,  p.  i04tt. 
Refigured  as  Gouiopteria  stiriacu,  J.  S.  Gardner,  Mon.  ral  Soc, 

1880,  p.  40^  f.  90  (WoodcatX 
Ba^diot  SeriesL  Bovey  Tkac^ 
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Lawnu  Jorii,  De  la  Harpc.  T. 

De  la  Harpe,  Mem.  Geol.  Snrtey,  Isle  of  Wight,  1808,  pL  vii  f.  3,  p.  114. 
Lower  Bagahot  jSeries.  Alum  Bay. 

Launt  primlgenia.  Unger. 

().  Heer,  Pliil.  Trana.,  voL  Ida,  lb6d»  pi.  kv.,  f.  6,  p.  1062 

15a^:shot  Serifs.  Bovey  Tiucey. 

Laurus  >  Salteri,  Do  la  Harpe.  T 
i>el '  .... 

Lower 


jL>e  la  Hame,  Mem.  Geol.  Survey,  Isle  of  Wight,  1862,  pi.  vii..f.  l,i>.  115. 
Bagahot  Series.  Alum  Bay. 


NymphaBa  Doris,  Heer.  T, 
O.  Ueer»  PhiL  Trans.,  vol.  IftS,  186a,  p).  Ixz.,  figs.  3£-87,  p.  1072. 
Bagshot  Series.  Bovey  Tiacey. 

Onoclea  helnraidica.    Vide  Filieitai  f  lialiridieiia. 

Falmacites  Dsemoiiurops  (Ungep). 

O.  Heer,  FbiL  Trans.,  vol.  152, 1863,  pL  Iv.,  figs.  8, 9, 10 ;  pi.  Ixii.,  fi^p. 

3,  G,  8,  p.  105a 

Racsbot  Scnf's.  Bovey  Tracey. 

Pecopteris  (Hemitelia  ?)  lipiitnm,  (tioTh  I. 

O.  Heer,  PhiL  I'rans.,  vol.  102,  1863,  pi.  IvL,  figs.  3,  5,  7,  8,  9,  10 ;  pL 
Ivii,  f.  1,  p.  1047. 

Bagshot  Series.  Bovty  ^Ihaoey. 

Plataaites  hehridioiu,  Forbea.  T. 
E.  Forbes,  Quart.  Joum.  GeoL  Soc.,  vol  vii.,  18M,  pi.  iv.,  f.  i,  p.  103. 
Eocene.  Ardtun,  MulL 

Platauites  hebridicus,  vai .  ]  Forbes.  T. 
K.  Forbes,  (juart  Journ.  Geol.  Soc.,  voL  viL,  1851,  pi.  iii.,  f.    )>.  103. 
Kocene.  Ardtun,  MuIL 

Pteris  eocaeuica,  i^^tt.  and  (ianl  T. 

Gardner  and  Ettingshausen,  "  Eocene  Flora.'  Mon.  PaL  iSoc,  1882, 
pi.  xii.,  f.  1 1,  11a,  pp.  38  and  68. 
Bagshot  Swiea.  Boumeqiouth. 

Pteroearya  denticulata  t  Heer. 

0.  llocr,  PhiL  Trans.,  vol.  152, 1863.  pL  Ixx.,  fig.  6,  p.  1074. 
Hagabot  iSeries.  Bovey  Tiacey. 

QuerouB  eocenica,  De  la  Harpe.  T. 

De  la  Harpe,  Mem.  GeoL  Burvey,  Isle  of  Wight,  1862,  pi.  viL,  i.  22, 
p.  112. 

Lower  Bagshot  Series.  .  Aiun  Bay. 

(UereiiB  Lyelli,  Heer. 

O.  Heer,  PhU.  Trans.,  vd.  152, 1863,  pl.bdii.,  figa.  3, 5, 6, 7, 8 ;  pL  IxviiL, 

fig8.  4,  0,  p.  1058. 

Ba^fshot  (Series.  Bovey  Tracey 

Ahamnites  ?  mtdtinervatus,  Forbes.  T. 
E.  Forbc:!,  Quart  Journ.  Geol.  Soc.,  vol.  viL,  1851,  pL  iii.,  f.  2,  p.  103. 
Eocene.  Aratuii,MulL 

ifehMfnn<tiM  %  major,  Forbee.  T. 
£.  Forbes,  Quaft.  Jonm.  QeoL  Soc.,  vol  vii,  1861,  pi.  iii.,  f.  3,  p.  103. 
Eocene.  AndtuHt  MuiL 

Sequoia  Coutlsiaa,  Heer. 

J.  S.  Gardner,  Mnn.  Tal.  JSoc,  1883,  pL  vi.,  figs.  14-17,  pp.  3G  and  90. 
Middle  Bagshot  Series.  Bovey  Tracey. 
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Sequoia  Laagadorfii   Ptdettaitm^t  Ounpti^Uli 

Taxitea  I  Campbellii,  Forbes.  T. 
E.  Forbes,  Quart.  Sonm.  Gteol  Soc,  ▼ol.  vii.,  1851.  pi.  iL,  figs,  la,  l6 
p.  103.    Kefigured  as  Tazius  Campbell],  J.  S.  Gaxdner,  **Ebcbney 
Flora,"  Mon.  Pal.  Soc.,  1886,  pL  z.,  figs.  1»  la,  p.  101. 

Eocene.  Ardtuu,  Mull. 

lazufi  Campbem.    I'hk  lazitee?  Campbellii 

"AffiaitiesdoubtfuL" 

£.  Forbea,  Quart  Journ.  Qeol.  Soc.,  toI.  vii.,  pi.  W.,  f.  2,  p.  103. 
EocMie.  Anltun,  Mull. 

ANIMALIA. 

Protozoa. 
KammuUt€8  elegans,  J.  C.  Sow. 

Bnpert  Jones,  Quart  Joum.  Geol.  Soc.,  vol.  xliii.,  1887,  pi.  xi.,  f.  1, 
p.  142. 

Barton  Secies.  *  WhitecUff  Bay,  I.  W. 

EuHiNODKKMATA. 

Astropeeten  f  Colel,  Forbes.  T. 
E.  Forbes,  Mon.  FbL  Soc.,  18S>%  pL  iv.,       3  a,  6,  p.  3a 

London  Clay.  Sbeppey. 

Astropecten  crispatns,  Forbes.  T. 
Ansted,  "Geology,"  vol.  ii.,  1844,  n.  66 (Woodcut). 
E,  Forbes,  Mem.  Geol.  Survey,  vol  ii.,  part  2, 1848,  p.  479. 
E.  Forbes,  BCon.  Pal.  Soc,  186S,  pi.  iv.,  figs.  8  a,  6,  p.  S9. 
London  Clay.  Sheppey. 

Astropecten  crifpatiu,  Forbes. 

E.  Forbes,  Mem.  Geol.  I^arrey,  Decade  L,  1848,  pL  iii.,  figs.  3  6,  r. 

London  Clay.  Sbeppey. 

Camocrinus  tintinnabulum,  Forbes.  T. 
E.  Forbes,  Mon.  i'ai.  Soc.  1852,  p.  33  (Woodcut). 
London  day.  Homsey. 

Cidiuris  websteriana,  Forbes.  T 
E.  Forbes,  Hon.  F»l  Soc,  1853,  pi.  ill,  f.  4,  p.  38. 
Barton  Series.  Barton,  Hants. 

CcBlopleums  Wetherelli,  Forbes  T, 
E  1   1  l)es,  Mon.  Pal.  Soc,  1898,  pL  iii.,  figs.  1  a,  6,  e,  p.  34. 

London  Clay.  Sheppey. 

Sohinopsis  Edwardsi,  Forbes*  T. 
£.  Forbes,  Mon.  Pal.  Soc,  1852,  pi.  iii.,  f.  2,  p.  23. 
Bracklesham  Series.  Braddesham. 

Echinus  dixonianns,  Forbes.  T. 
JL  Forbes,  Mon.  Pal.  Soc,  1853,  pi.  iii.,  f.  3,  p.  22. 
Barton  Series.  9«rt9D,  Hants. 

Bupatagus  Hutingitt,  Forbee.  T. 
£  Forbes^  Mon.  Fbl.  Soc,  18S8,  pL  iii.,  f.  7,  pu  86. 
Barton  Series.  Barton,  Hantc 

CkMiMter  ^Attrogoninm)  marginatns,  Forbes.  T. 
E.  Forbes,  Mem.  C4eol.  Survey,  vol.  ii.,  part  2,  1H48,  p.  475. 
E.  Forbes,  Mem.  Geol.  Survev,  Decade  L,  184U,  pi.  3,  f.  2. 
E.  Forbes,  Mon.  Pat  Soc,  1853,  pL  it.,  f.  4,  p.  31 
London  Clay.  Sheppey. 
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OoniMter  (ABtroKoniwii)  Btoketii,  Forbes.  T. 

1'^  Forbes,  Mem.  (uol.  Survey,  vol.  ii.,  part  2,  1848.  p.  475. 

E  Forbe.K,  Mem.  (ieol.  .Sur?ey,  Decade  L,  1849,  pL  3»  fi^i.  1  o.  r.  d. 

London  Clay.  Shepi>ey 

Qoniaster  tubercnlatus,  Forhes,  I, 
E.  Forbe-s,  Mon.  I'al.  Soc.,  1852,  pi  iv.,  f.    p.  31. 
London  Clay.  Sheppey 

Hemiaster  Bowerbanki,  Forl>es.  T. 
E.  Fori  X  3,  Mon.  Pal.  Soc.,  1862,  pi  iil,  f.  6,  p.  24. 
London  Clay.  Sheppey. 

Hemiaster  branderianus,  Forbes.  T 
E.  For?      Mon.  Pal.  Soc,  1852,  pL  iii.,  figs.  8  a,  *  r,  p.  25. 

Barton  Series.  Barton, Hants. 

Hemiaster  branderianus,  Forbes.  T. 
E.  Forl)es,  Mon.  Pal.  Soc,  185^,  pL  iil,  figs.  8  d,  e,  p.  2:.. 
London  Clay.  Haveratock  Hill 

Hemiaster  ?  Prestwichii,  Forbes.  I. 
T  ^  i'orJi^H,  Mon.  Pal.  Soc.,  1852,  pi  iii.,  ligik  6  «,  6,c,  p  25. 
London  Clay.  Sheppty. 

Ophiura  Wetlierelli,  Forbes.  T. 
R  Forbes,  Mon.  Pal.  8oc.,  1852,  pi  iv.,  f.  76,  p.  32. 
London  Clay.  Higbgata. 

Pentacrinus  subbasaltiformis,  Miller. 

K  Forbes,  Moa.  PaL  Soc.,  1852,  pL  iv.,  fig>>.  9,  10,  p.  34. 
London  Clay.  Homsey. 

patajigiis  Omalii,  Galeotti. 

E.  Forl)es,  Mon.  Pal  8oc,  1852,  pL  iil,  figs.  9  «, «,  p.  28. 
Barton  benea  Barton.  Hants. 

Laullibbaiichiata. 

Cytheri;a  incur vata,  Edw.  [DoubtfnL] 
Lowry's  Chart  of  the  British  Tertiary  Fossils,  1866. 
Bracklesham  Series. 

Modiolat  tubicola,  S.  Y.  Wood.  T. 
s  v.  A\  ,Kjd,  Mon.  Pal.  Soc.,  1869,  pi  itiii.,  f.  12,  p.  7a 
Loudon  Clay.  Whetstone  t 

Hucnla  proava,  S.  V.  \\'(xid.  T. 

S.  V.  \Vo(m1,  Mon.  Pal.  Soc,  1862,  pi  xw,  fi->.  3  a,  />,  j).  117. 
London  Clay  (iiaseiuent  Bed);  Near  liiciliopstone,  Herne  Bay. 

Hucula  striatella,  S.  \.  Wood,  T. 
S.  V.  Wood,  Mon.  P.il.  8oc.,  1802,  pL  xx.,  fig.  9,  p.  183. 
Jiondon  Ckiy  (IJasenient  lied).  Htrne  Bay. 

Ostrea  tabulata,  J.  C.  Sow. 

S.  V.  Wood,  iMon.  Pal  Soc.,  1861,  pi  iv,  f.  li,  p.  31. 
Tsracklesnara  ?  Bognor. 

Perna  croydonensis,  Neu  ton.  ^ 

«r^'"'.^'.  ^•♦^^^^'J'it  i'f*^*  -  t'eol.  .cVaaoc.,  vol.  v"-*  188iJ»  P-  249. 

Woolwich  and  Heading  Seriee.  fatk  HiU,  Croydon. 
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VulBella  deperdita  ?  Lam. 

a  y.  Wood,  Mon.  Pal.  Soc,  lfl6l,  pi.  iz.,  f.  2c,  p.  3ft. 
Barton  Series.  Barton,  Hanta. 

Gastkropoda. 

Camptoceras  priBcnm,  Austin.  T. 

H.  H.  Godwin-Austen,  Quart  Jonm.  QeoL  Hoc,  toL  zxxviii.,  1888| 

Si  v„  figs.  1-5,  p.  220. 
on  Clay.       Between  East  End  Lane  and  Henabiook,  Bheppegr. 

Fas  us  uitidus,  Price.  T. 
F.  G.  H.  Frioe,  Proa  (3eoL  Anoc.  yoL  iiL,  1874,  pi.  ii.,  fig.  S. 
London  Clay.  Law  Oonrto  Ana,  Strand,  London. 


jn«itrot<niiaTarioo0a»  PtSce.  T. 

F.  G.  H.  Pric6^  nnw.Qeot  Aflsoo.,  vol.  iii.,  1874,  ]>I.  ii.,  fii^.  1. 
London  Clay.  Law  CSourta  Area,  Strand,  London. 

VsaxARAia. 

Arms  crassns,  (Koketi)  Newton.  T. 
E.  T.  Newton,  Proc  Zool.  Soc,  1883,  pL  xxi.,  figo.  1-3,  p-  2m. 
Barton  Series.  Barton,  Hants. 

Motidanus  serratissimus,  Ag. 

A.  S.  Woodward,  Proc.  Geol.  Asaoc.,  vol.  xvi.,  1899,  pi.  1,  f.  7,  p.  6. 
London  Clay.  Slieppej. 

Emys  delabeohei,  T.  BeU.  T. 
T.  Bell  in  IL  Owen,  Hon.  Pal.  See.,  1848,  pL  zxtuI,  p.  74 
liondon  Clay.  Shepper- 

Agnoptenu  1  hantoniensis,  Lvd.  T. 
R.  Ljdekker,  Cat  Foea.  Hinla  in  Brit  Muaenm,  p.  87. 

Middle  E«jcene.  Hordwell. 

QaftomiB  Klaasseni,  Newton  T. 
E.  T.  Newton,  Trans.  Zool.  boc.,  voL  xiL,  1886,  pi.  xxviii.,  xiix., 

p.  14a 

Lower  Eocene.  Park  Hill,  Croydon. 

ProlierodiiiB  Oweni,  I^d.  T. 

R.  I.ydfkker.Oat.  FoM.  Birds  in  Brit.  Muse  inn,  fig.  75,  p.  304. 
London  Clay.  Admiralty  Buiiduig,  St.  James's  Park. 

Corypkodon  croydonensis,  Newton.  T. 
E.  T.  Newton,  Proc.  GooL  Assoc.,  vol.  viii,  1883,  pi.  iiLp.  250. 
Lower  Eocene.  VtA  Hill,  Cioydon, 
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Andromeda  reticulata,  Ett. 

O.  Hoer,  Quart  Joura.  QeoL  Soc,  voL  xviii.,  1862|  pi.  xviiL,  f.  13, 

p.  373. 

Hamgtead  Serim.  Hamstead,  LW. 

Chara  Lyellii  (Forbes  M8.),  Salter.  T. 
J.  W  Salter  in  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight,  1856,  pi.  viL, 

f.  10,  p.  100. 

Iku  I  bridge  Serie^i.  St  lloleus,  LW. 

Chara  tahercnlata,  Lyell,  v.ir.  Morrisii.  Saltor.  T. 

J.  W.  Salter  in  Forbes,  Muui.  Oeol.  Survey,  Isle  of  Wight,  185G,  pL  vii., 
f.  14,  PL  159. 

Hamstead  Series.  Hamvtead,  I.W. 

C^fporites  Fdrb«di»  Heer.  ntoiOitfiBl]  T. 

O.  Heer,  Quart  Joum.  QeoL  Soc,  voh  jcyuL,  18^  pL  zviiL,  figa  20, 21, 

p.  373. 

Hamstead  Series.  Hamstead,  I.W. 

Limnocarpns  headonensis  (Gardner),    Tyj);;  of  the  genus.  T. 
Clement  lieid,  Jouru.  Luin.  Sac.,  vol.  xxxiii^  1888,  p.  466  (woo< lout), 
Low^r  ^eadon  Serieo.  Hordb  Cliff,  Hjampshire. 

NelnmUnin  Bnchii,  Ett. 

O.  Heer,  Quart.  Joum.  QeoL  Soc,  voL  xviii,  1862,  pL  xyiii.,  figs.  19 

Hamateiul  Series.  Hamstead,  LW. 

Sahai  major,  Unger. 

J.  8.  Gardner,  Ilep.  Brit  Amoc.  for  1887,  pL  v.,  f.  5,  p.  423. 
■  Bembridge  Series*  HaraBljead,LW 

Sequoia  Conttiia,  Heer. 

O.  Hoer,  Quart  Journ.  Gcol.  Soc..  vol.  .wiii.,  1862,  pi.  xviii.,  fiffs  1-7, 
p.  372.    Kefiffurod  an  Athrotaxis  CouttsiSB,  T.  S.  Gardner,  Kocene 
Flora,"  Men.  Tai.  Soc.,  1884,  pi.  vi.,  fig. .  3  end  8,  pp.  :i6  and  iK). 
Hamstead  Smies.  Hamstead,  LW. 

CaELmnBAVA. 

Xadrepora  anglioa^  Dune.  T. 
P.  M.  Duncan,  Mon.  PaL  Soc,  1868,  pi  TOi,  figiL  1-7,  P.  51. 

Middle  Headon  Series  Brockeohorst 

Xadrepora  Roemeri,  Dune.  T. 
P.  M.  I  )un(-au,  Mon.  Pal.  Soc,  1866,  pL  viiL,  figa.  8,  lo,  11.  y.  '>! 

Mi<ldle  llcadon  Series.  Brockeiiiiurst 

Solenastrsa  ceUulosa,  Dune.  T. 
P.  M.  Duncan,  Mon.  Pal.  Soc.,  18f;6,  pi.  v.,  i.  7,  p.  41. 
Middle  Headon  Series.  Brockenhurst 

SolenistnBa  granulAta,  Dune. 

P.  M.  Duncan,  Mon.  FtL  Soc,  1866,  pL  vL,  f.  14,  p.  45. 
Middle  Headon  Series  jrockenhurst 

Solenastraea  Eoeneni,  Dune.  T. 
P  M     1     n,  M  il.  PaL  Soc,  1866,  pL  v.,  figH.  8,  9^  p.  42 
Middle  Headon  Series.  Brockenhurst 
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Betozoa. 

Mefflbrauipm  Bukli  Gregory.  T. 
J.  W.  Gres^oiy,  TmnB.  ZooL  Soc,  voL  ziiL,  1895^  pi  xxix.,  f.  l  J,  t>  229. 
Headon  Series.  UolweU  fiay,  I.  W. 

Aroa  Webateri  (Forbes  MS^,  Morris.  T. 
J.  Morris  in  E.  Forbes,  Mem.  Qeol.  Sarvey,  Isle  of  Wight,  1856,  pL  iii, 

f.  8,  p.  l'>«  ). 

Bemhriflpe  Series.  Ihle  of  Wigbtb 

Corbula  pisum,  J.  Sow. 

J.  Morris  in  E.  Forbe«,  Mem.  GeoL  Survey,  Isle  of  Wight,  1850,  p».  i., 
f.  1,  p.  1 45. 

Hamatead  Series  (Upper  Beds).  Haiufttead,  I.W. 

Cnrbnla  ^ectensis  (Furbes  MS.),  Morris. 

J.  Morris  in  E.  Forbes,  Mem.  UeoL  Siinre]r»  Isle  of  Wigbt^  18^  pi.  i., 
f.  8,  ppw  4i6  and  1 45. 
Hamstmd  Series  (Upper  Beds).  Hamstead,  I.W. 

Cydas  BrifltOYiijForbes  MS.),  -MorriB.  T. 
J.  Morris  m  E.  Forbes^  Mem.  Qeol.  Survey,  Isle  of  Wight,  1856,  pi.  ii., 
f.  3,  p.  146. 

Uamstead  Series.  Hamatead  Cliff,  I.W. 

Cyxena  deperdita,  T>am. 

J.  Morris  in  E.  Forbe.H,  Mem.  Oool.  Survey,  Isle  of  Wight,  lbiH},pL  vl., 
figs,  11,  11  (t,  fjy  p.  156. 
Headon  Series.  Isle  of  Wight 

dyrena  gibboavla,  Morris.  T. 
J.  Morri>  in  E.  Forhcs,  Mem.  Qeol.  Surrey,  Isle  of  Wight,  1860, 1'l.vi., 

fi^-  i:i  13  'I,  //,  p.  150. 
S.  V.  \\o<A,  Mon.  Tal.  Soc.,  Supp.  Ib77,  pi.  B,  fig^.  6  a,  ^  u.  14. 
Headon  Series.  OolweU  Bay. 

Cyrena  obtusa  (Forbea  MS.),  iMorris.  T. 
J.  Morris  in  E.  Forbes,  Mem.  QeoL  Survey,  Me  of  Wight,  1856^  pi.  ifi., 

fi>i>.  t,  4  a,  h,  p.  149. 
Bembridj^c  Series.  Hanistead  Cliff,  I.W. 

(lyxeiia  pulchra  J.  C.  Sow. 

J.  Morris  in  E.  Forbes,  Mm.  Geo),  Survey,  Isle  of  Wi^/ht,  1866,  pi.  iii., 
f.  1,  p.  148. 

Bembrid0»  S«ieB  (Oreen  Matls).  Isle  of  Wight 

Cyrena  semiBtriata*  Desh. 

J.  Morris  in  £.  Foxbee,  Mem.  Qeol.  Survey,  Isle  of  Wig^i,  1866,  pi.  iii, 

f.  2,  p.  148. 

Bembridge  Series.  iale  of  Wight 

Cyrena  semistriata,  Dcsh. 

J.  Morris  in  K  Forbco,  Mem.  Geol.  Survey,  lale  of  Vv  igiit,  J 856,  pi.  ii., 
f.  2,  p.  146. 

HamstOM  Series  (Corbula  Beds).  Hamstead,  LW. 

Cyrena  Mmiftriata,  Desh.,  var. 

J.  Morris  in  E.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight»  185^  pi.  L, 

f.  3,  p.  145. 

iiauidtead  Series  (Upper  Beds).  Hamatead,  LW. 
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dfTtna  traamm  (ForbM  MS.)»  Morris.  T. 
J.  Morns  ill  K.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight,  1856,  pi.  iil 

f  fi,  p.  149. 

Hembi  idge  Series.  Hamstead  Cliff,  I.W 

Qjrrena  Wrightii  (Forbes  MS.),  Morris.  T. 

J.  Morris  in  E.  Forbes*,  Mem.  Geo!.  Survey,  Isle  of  Wight,  185G,  pi.  iv., 
figa.  11, 11  a,  b,  p.  163. 
HeadoD  Serioi.  JtHe  of  Wight 

(Jytherea  incrassata,  J.  Sow. 

J.  Morris  in  E.  Forbes,  Mem.  UeoL  Survey,  Isle  of  Wight,  18&6,  pi.  iv., 

f.  10,  i».  i:>3. 

Headon  Series.  CdlweU  Bay. 

Qytherea  incrassata  (oast  of),  J.  Sow. 

J.  >f orris  in  K.  Forbes,  Mem.  OeoL  Survey,  Isle  of  Wight,  1856,  pL  iiL, 

f.  10,  p  160. 

Bembridge  Series.  Isle  of  Wiglit 

Qytherea  (Venus)  Lyellii  (Forbes  MS.),  Morris.  T. 
J.  Morris  in  E.  Foriws,  Mem.  Qeol.  Survey,  Isle  of  Wight,  ia'>6,  pi.  i., 

f.  4,  p.  Hf). 

Uarastead  fcleriea  (Upper  Beds).  Hamstead,  LW„ 

■odiola  Preitwichii,  Morris.    (M.  nystiana,  Forbes,  on  plate.)  T. 
J.  Morris  in  E.  Forbes,  Mem.  Qeol  Survey,  Isl^  of  Wight,  1856* 
pL  ii..  f.  5,  pp.  46  and  147, 
Hanurtead  Series.  Hamstead  CUf^  I.W. 

Hyu  (FanopsBa)  minor  (Forbes  MS.),  Morris,  1856.  T. 
J.  Morris  in  £.  Forbes,  Mem.  Qeol.  Survey,  Isle  of  Wight,  1856,  pi.  iil, 

f.  r?,  ]\  149. 

BeiTil iri<lgf'  .Series.  of  Wight, 

Mya  (Panopiea)  minor,  var.  (Forbes  MS.),  Morris.  T. 
J.  Morris  in  K.  Forbes,  Mem.  UeoL  Survey,  Isle  of  Wight,  1856,  pi.  iL, 
f.  4,  p.  146. 

Hamstead  Series.  Hamstead,  L  W. 

Kuenla  headonensis  (Forbes  M&X  Morris.  t. 

J.  ^Torri.s  in  E.  Furl>c8,  Mem.  Geol.  Survey,  laleof  Wight»  1856*  pL  vL, 

tigfA.  12,  12  a,  6,  p.  156. 
Middle  iloadon  Series.  Colwell  Hay. 

Kncnla  similis,  J.  Sow. 

J.  Morris  in  £.  Forbes,  Mem.  Qeol,  Surv^,  Isle  of  Wight,  1856* 

pi.  in  ,  f.  5,  p.  14d. 
BemDri  ige  Marls.  Isle  of  Wight 

Ostrea  caiiifera,  Lam. 

J.  Morris  in  E.  Forbes,  Mem.  Qeol.  Survey,  Isle  of  Wight,  1856*  pL  L, 

fiffs.  6,  fx*,  p.  145. 
S.  V.  Wood,  Mon.  Pal.  Soc.,  1861,  pi  v.,  f.  la,  p.  18. 
Hamstead  Series  (Upper  Beda).  Hamstead,  I.W. 

Ostrea  vectensie  (Forbes  MS.),  Morns.  T. 

J.  Morris  in  E.  Forbes,  Mem.  Ueol.  Survey,  Lsle  of  Wight,  ISoG,  pi.  iii.. 


figs.  9,  9a,  96,  p.  150. 


S  V.  Wo.^,  Mon.  Pal  Soe.,  1861,  pi  vii.,  figa.  5a,  56*  p.  32. 

Be  I  n '  r  i  dge  Series.  liale  of  Wight. 

Unio  Austenii  (Forbes  MS.),  Morris.  T. 
.1.  Morris  in  E.  Forbes,  Mem.  Oeol.  Survey,  Isle  of  Wight,  1856,  pL  iL 
f.  7,  p.  147. 

S  V  Wood,  Mon.  IW.  Soc,  1864,  pL  xz.,  f.  IS,  p.  133 
Hamstead  Series.  Hamstead,  L  W. 
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Unio  Gibbsii  (Forbes  MS.),  Morria. 

S.  V.  Wood,  Mon.  RO.  Soc.,  1864,  pi.  zz.,  f.  14,  |k  133. 
Hamstead  Serifls.  ble  of  Wigkt 

Unio  Oibbsu  (Forbes  MS.),  Morria.  [OoulrtAll].  T. 

J.  Morrb  in  E.  Forbes,  Mem.  Qeol.  Surfey,  laie  of  Wight,  1896,  pi.  ii., 
t  6,  p.  147. 
HaiMtean  r 


HAiii8teiidCliff,IW. 

Qasowbowda, 

AadDaria  mlnilata,  J.  Sow. 

J.  Morris  In  £.  Forbes,  Mem.  OeoL  Surrey,  Isle  of  Wt^t»  18S6, 

1)1.  vi.,  figs.  1,  la,  166. 
Hoaaon  Series.  Herd  well. 

jBorsonia  sulcata  (Edwunis  Morris.  T. 

J.  Morris  in  E.  Forbes,  Mem.  Geol.  Survey,  Isle  of  Wight,  1856,  pi.  v., 
figH.  3, 3a»  36,  p.  164. 
Meadon  Series.  Colwell  Bay. 

Geritliiiim  Aiitteiii,  Morris.  T. 
J.  Morris  in  K    Forbes,  Mem.  GeoL  Surrey,  Isle  of  Wight,  1866, 
pi.  iiL,  f.  11,  p.  i-iO. 
Bembridge  Series.  Hamstead  Pointy  IW. 

Cerithiom  concavum,  J.  Sow. 

J.  Morris  in  E.  Forbes^  Mem.  QeoL  Bamj,  Ide  of  Wight,  1866,  pi. 

f.     I'.  ! 

Headou  Scries.  Isle  of  Wight. 

Cerithium  elegans,  Desh.  [Donbtfal] 

J.  Morris  iji  E.  Forbes,  Mem.  Qeol.  Survey,  Isle  of  Wight^  1856, 
i>I.  iL,  f.  10,  p.  147. 

loridge  Series.  Headon,  I.W 


teithivm  inomatom,  Monis.  T. 
J.  ^[orris  in  E.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight»  1866,  pL  ii., 

f.  13,  p.  148. 

Hamstead  Series.  Hanistead,  I.W. 

Cerithium  margaritaceum,  J.  Sow.  var.  Morris. 

J.  Morris  in  E.  l-  orbes,  Mem.  Geol.  Survey,  Isles  of  Wight,  1856,pl.  iii., 
f.  13,  p.  150. 

'Bembridge  Series.  Hamstead,  I.W. 

Cerithium  mutabile.  Lam.  var.  ?  Desh. 

J.  Morns  in  F.  Forbes,  Mem.  Ueol.  Surrey,  Isle  of  Wight,  1866,  pi.  ia, 
f.  li,  p.  150. 

Bembridge  Series.  Isle  of  Wight 

Cerithium  mutabile,  l^am.  var.  \  Desh. 

J.  Mcftris  in  £.  Foibesi  Mem.  Q90L  Surrey,  Isle  of  Wight,  1856,  pi.  iv., 

f.  (),  p.  152. 

Headon  Series.  Isle  of  Wight. 

Cerithium  plicatum,  Brug. 

J.  Morris  in  E.  Forbes,  Mem.  GeoL  Survey,  Isle  of  Wight,  1866,  pL 
f.  7,  p.  146. 

Hamstead  Series  {Upper  Beds).  Hamstead,  LW. 

Onitiiiiun  plicatum,  Brug. 

J.  McOTis  in  K  Forbes,  Mem.  OeoL  Surrey,  Isle  of  Wight,  1866,  pL  iL 

f.  11,  p.  147. 

Bamstea4  Series  (Up^Xir  B^).  flamstead,  i.W. 
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Cerithimn  pseudocinctum,  d'Orh.  [Doubtful] 

Morris  iti  l'\>rbec.,  Mem.  Geol.  Survey,  lale  of  Wight,  IHr.f;,      iv.,  f.  7, 
I).  153. 

Headoa  beriM.  Ckilwell  Bay. 

OeritMnin  Sedgwicki,  Morris.  fDonbtfal]  T. 

J.  Morris  in  K.  Forbes,  Mem.  Oed.  Survey,  Isle  of  Wi^^t^  1869,  pi.  ii, 
f.  12,  p.  147. 

Hamstesd  Series.  Ham  stead,  LW. 

Cerithium  trixonatum,  Morris.  T. 
J.  Morris  in  E.  Forbes,  Mem.  Qeol.  Survsy,  Isle  of  Wight,  1856,  pi.  iv., 

f.  8,  p.  153. 

Headon  Series.  Isle  of  Wi|(ht. 

Oerithiiun  ventiicosum,  J.  Sow. 

J.  Morris  in  E.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wi^t,  18d6^  pL  iv., 
f.  2,  p.  lo2. 

Headon  Series.  Isle  of  Wi^t^ 


Fuaua  Ldwardsii,  Morris,  T. 
J.  Morris  in  E.  Forbes,  Mem.  Geot  Survey,  Isle  of  Wight,  186<^  pi  iL, 

f.  15,  p.  148. 

ITnmstead  Series  (Upper  Beds).  Uamstead,  l.VV. 

Jlelauia  Forbesii,  Morris.  T. 

J.  Morris  in  E.  Forbes,  Mem.  Qeol.  Survey,  Isle  of  Wight,  1856, 
pi.  iii.,  f.  15,  p.  151. 
fiemoridge  Series.  '  Hanstead,  LW. 

Xelania  inflate,  Morris.  T. 
J.  Morri.s  in  E.  Forbes,  Mem.  Geol.  burvey.  Isle  of  Wight,  1860,  pi.  ii^ 

f.  8,  p.  147. 

llauwtead  Series.  Hanistead  Cliff,  LW. 

Melania  iuflata,  Morris,  var.  Iffivis,  Morris.  T. 

J.  Morris  m  E.  Forbos,  Mem.  Geo).  Survey,  Isle  of  W  ight,  18.')G, 
pi.  ii.,  f.  9,  p.  147. 

Uamstead  Series.  Hamstead  UM,  LW. 

KeUiiia  muricata  (S.  V.  Wood  MS.),  Morris.  T. 
J.  Morris  in  E.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight>  1866,  pi.  iii., 
f.  le,  151. 

Bembridge  Series.  Isle  t4  Wight. 

Melania  moricata,  Wood,  var.  oostata  (Sow.  su.K  Morria. 

J.  Morris  in  E.  Forbes,  Mem.  Of  ol.  Survey,  Isle -of  Wi;;ht,  1856,  pl.ii. 
f.  14,  p.  148. 

Uamstead  Series.  Uamstead,  I.W^ 

Kelania  muricata,  Woo(l,  var.  excavata,  Morris.  T. 
J.  Morris  in  K.  Forbes,  Mem.  Gool  Survey,  Isloof  Wight,  165^pl.iiL, 
f.  17,  p.  151. 

Bembridge  Series.  Bambridge,  IW. 

Melania  per-acuminata  (Gharlsw  MS.),  Morris.  T. 
J.  Morris  in  E.  Forbes,  Mem.  GeoL  Survey,  Isle  of  Wight,  1S56,  pLiv., 
f.  5,  p.  152. 

Headon.  Isle  of  Wight. 

KeUaia  tiirrxtfiiiiB%  Forbes.  T. 
J.  Morri.s  in  E.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight,  1866^  pL  iiL, 

f.  14,  p.  150. 

Probably  the  specimen  figured  in  Lycll  "  .Manual  of  Geolosrv,"  6th 
Edition,  1855,  p  209  (Woodcut). 
Bembridge  series.  ■   Hanistead  CUil^  LW. 
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Kelanopsis  brevis,  J.  C.  Sow. 

J.  MorrLs  in  K  Forbes,  Mem.  Qeol.  Survey,  isle  of  Wight,  1H5G,  pi.  vi., 
f.  10,  p.  156. 

fieadon  Series.  Oolwell  Bay,  LW. 

Xflaaopsis  carinata,  J.  C.Sow. 

J.  ^f  orris  in  £.  Forbes,  Mem.  Qeol  Surrey,  Isle  of  Wight,  Iflsa,  p).  vL, 

f.  8,  p.  166. 

Headon  Series.  Headon  Hill. 

Jtelanopsis  carinata,  J.  C.  Sow.  . 

J.  Morris  in  E.  Forbes,  Mem.  Gfeol.  Survey,  Isle  of  Wight,  1H5(],  pi.  vi., 
fi^  9,  9(1,  p^  166w 

HeadoD  Series.  Colwell  Bay. 

Keiaaofiis  fnsiformis,  J.  Sow. 

J.  Morris  in  E.  Forbefl»  Mem.  Qeol.  Survey,  Isle  of  Wigb^  1A56,  pi.  vi., 
figs.  7,  7a,  p.  156. 

Headon  Seriea.  OolweU  Bay. 

Uelanopsiii  subcarinata,  Morris.  T. 
J.  Morris  in  R  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight,  1856,  pi.  vi, 

f.  5,  p.  ir)6. 

Headon  Series.  Headon  Uill. 

Melanopsifl  snbcarinata,  Morris.  T. 
J.  Morris  in  K.  Forbes,  Mem.  QeoL  Survey,  Isle  of  Wight,  1856,,  pi  vi., 
figs.  6apd  6a,  p.  156. 
Headon  Series.  Headon  HiU,  LW. 

■daaiopriB  siibfosiAnrtniH,  Morris.  T. 
J.  Morris  in  E  Fot  Ix    Mem.  Cleol.  Survey,  Isle  of  Wi|^t,  1866,  pi.  vi., 

fi'JT^.  2,  2a,  and  3,  p.  165. 
Headon  Series.  IhIc  of  Wight 

Melanopais  subulata,  .T.  Sow.  [DoiiMfol] 

J.  Morris  in  E.  Forbes,  Mem.  Ueol.  Survey,  Isle  of  Wight,  1856,  pL  vi., 
Bgi.  4  and  4a,  p.  155. 
Headon  Series.  Headon  Hill. 

Natica  labellata,  Lam. 

J.  Morris  in  E.  Forbes^  Mem.  Geol.  Survey,  Isle  of  Wight,  18S6,  pi  i, 

f.  6,  p.  lie. 

HamstejMl  Seriea  (Upper  Bedn).  Hauiatead,  I.W. 

nonrotMna  headonensis  (Edw.  MS.),  Morris.  T. 
J.  Morrif^  in  E.  Forbes,  Mem.  UeoL  Survey,  Isle  of  Wight,  1856^  pi.  v., 

f.  4,  D.  155. 

Headon  Sories.  Odwell  Bay. 

Fleuiotoma  inxieza  {^6ol). 

J.  Morris  In  E»  Forbes,  Mem.  GeoL  Survey,  Isle  of  Wight,  1856,  pi.  v., 

f.  5,  p.  154. 

Headon  Series.  Colwell  Bay. 

ntUTOtoma  plebeia,  J.  C.  Sow. 

J.  Morris  in  K  Forbes,  Mem.  Qeol.  Survey,  Inle  of  Wight,  1866,  pi  v., 
figs.  1,  1  a,  &,  p.  154. 
Headon  Series.  ColweU  Bay. 

Pleurotoma  plebeia,  var.  Morris  (var.  b  Forbes  MS. J,  Morris.  T. 
J.  Morris  in  E.  Forbes,  Mem,  Qeol.  Suivey,  Isle  oi  Wight,  1856,  pi.  v., 

f.  2,  \K  1.'4. 

Middle  Headon  Series,  Isle  of  Wight. 
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RiBtOA  (Hydrobia)  Chftstelii  ?  (Ny^t)    {^Hydrttim  on  i^ute.) 

J.  Morris  m  E.  Forbes,  Mem.  Ueol.  Survey,  Inle  of  Wight,  IRftfl,  pi.  W., 
f.  8^Ppii  148  and  15t. 
Ueadon  Series.  Isle  of  WigliL 

Sealaria         Morris.  T. 

J.  Morris  in  K  Forbes,  Mem.  Geol.  Survey  Isle  of  Wight^  1866,  pi.  it., 

f.  1,  D.  151. 

Hesdon  Beriea.  Isle  of  Wight 

YntTBBBATA. 

Amia  anglica,  Newton.  T. 

K  T.  Newton,  Quart.  Journ.  GeoL  Soc.,  vol.        im,  pL  i, 

figs,  i  r),  p.  1. 

Bembridge  Marl.  Hamstead,  I.W. 

Amia  anglica,  Newton. 

E.  T.  Newton,  Quart.  Journ.  UeoL  Soc.,  vol.  Iv.,  189d,pL  i.,  fig.  19,  p.  1. 
Osborne  Beds.  R^do  Hoiue,  Ryde,  L  w. 

Amia  Colsnutti,  Newton.  T. 
E.  T.  Newton,  Quart.  Journ.  Geol.  Soa,  vol.      1899,  pi.  i.,  fig.  22jp.8. 
Osbonie  Beds.  King's  Quay,  I.  W. 

Hyopotaniiui  ip. 

W.  Kowalevsky,  PhiL  Trans.,  vol.  163*  1878,  pi.  xxxix.,  fig.  7,  p.  30. 
Hamstead  Series.  Hain8tead,l.W. 
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Aberdeeushire,  4^  24j  IQL 
Aherfoyle,  3fi- 
Absarokite.  171. 
Achnafrascnoille,  AL 
Achnasheen,  Hi. 
Actceon,  137. 
Allen,  IL  A., 
Alluvium,  90. 
Ainiiu/uites,  137. 
Amphibolite,  20j  12^  177. 
Anatina,  131. 

Andesite,  57^  72,  78^  86,  99,  141,  164, 

Anthracite,  114, 

A  n  th  racd  my  a,  1 10- 
Anthrmosiay  1H7. 
AjMirchites,  IHfi 
Apatite,  5a- 
A/H/rr/tfttn,  137. 
Arenig  rock^,  24,  fiZ. 
ArgylUhire,  4,  42,  6i»,  96,  U^i  l-"*^- 
.'Vrkose,  15. 

Arran,  4,  MI,  67,  82,  133. 
Ashley  Heath,  138. 
A^frocalaiiuteHy  187. 
Auchindryne  gi-anite,  34. 
Auchteraeed,  !L 
Audley,  109,  liiiL 
Augen-gneis-s,  7,  95,  157. 
Augite,  49- 

Avtctila,  128,  129,  131^  m. 
AviculopecteHf  108. 
i4rmuj!r,  131. 


Badenoch,  19. 
Huiltriggan,  5,  14. 
Balmoral,  29. 
Balfjuhidder,  3L 
Biiutt'shire,  3L 
Barrois,  Uhas.,  2fL 
Barrow,  (i.,  2,  4j_  24,  33,  103,  124, 
149. 

Basalt,  64,  65,  HI,  142,  HL  Hi 
Beauly,  4,  18,  90^  LafL 
Bellewstown,  JA. 
Ben  Lcdi,  aE. 
Bennett,  F.  J.,  L 
Ben  Wyvis,  1. 
Bergen,  IfiO. 
Beudant^  im 
BeyrichuXy  187. 
Biotite-^eiss,  9,  3L 
Biotite-granite,  42, 53. 
Biotite-schists,  6,  7, 10,  19,  42. 
Biotite-trachyte,  171. 
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I  BirJcem'a.  IBfi. 

Birley,  Mifis,  182. 

"  Black  Lias,"  lli. 
'  Black  Mount,  4^ 

Black  Mountain  Company,  113. 

Black-shale  grouj),  KXi. 
,  Blackwater,  fi. 
I  Blake,  J.  PL,  2, 
j  Blue  elvan,  fiZ 

Boase.  IL  S.,  9Ll 
I  "  Boulder  bed,"  aL 

Boulder  clay,  148. 

Boulders,  8,  17,  UiL 
I  Braemar,  29. 
j  Braemore,  i. 

Bmn,  River,  6. 
1  Breccia,  78,  92,  96, 
'  Brig  <)' Tuirc,  3fi. 
j  Brittany  granites,  2fi. 
;  Broom,  Little  Loch,  U,  liL 

Brown,  A.,  UiiL 

Hryn.  L2L 
'  Building  .stone,  171. 
[  Bunter  pebbles,  149. 
,  Bunter  sandstone,  lii 
;  Bynack,  24. 


(Jabuie,  8,  0. 
I  Cairngorm,  27i  31,  32. 
i  Caianu'tes,  109,  187. 
[  Calf  -sericite,  43- 
I  Callas,  .Messrs ,  140- 
I  Cambrian,  22^  I8.'i. 

Cameron,  A.  C,  G.,  2^  140. 
I  Camptonite,  42,  52,  60- 
i  Cantrill,  T.  C,  3,  Ul^  12L  153- 
!  CarUmut,  105,  LLO. 
i  Carhonifohi,  no,  182, 
'  Caihoiiit'eious,  103,  112. 

C'lvdium,  129,  13L 

(Jatiilogue  of  hocene  and  Oligocene 
Tyi>es  in  the  .Museum,  u»5 

Cayeu.x,  170. 
j  Cepliala^piity  96,  187. 
I  Ceratiocat'w,  180. 
\  CerithiUin,  133,  137. 

Chalk  residue.s,  170. 

Chalky  Ironstone,  108. 

Cheadle,  2. 104.  125,  149. 

Chert,  67,  136,  139,  lii5- 

Cheshire,  2,  no,  lliQ. 

Clare,  5. 

Clark,  iL,  5,  lliL 
Clarke,  F.  W.,  174. 
Clay,  m 

O 
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Clayden,  A.  W.,  im 

Cliinatoaraptuff  iRa. 

Clive,  W.  II.  108. 

CMouuh.  (.;.  T.,  8,  14j  146i  ILiL 

(V>;ilticMs,  2,  3. 

U«'iil  lucasnroH,  113,  127. 

"Coire  Neiil  U'ds/' 30. 
Collins,  J.  II., 

C'(»ngloiiienite,  17,  22,  63,  60,  80,  07, 
101,  113.  124,  hJ7,  12!),  LLL 

Corlmla,  137. 

Cordierite-liornfelH,  29. 

"  Corni'enncs  coiiiijaotes,"  3fi. 

Corn  wall,  2,  H3. 

Corric-inoillie,  8. 

Crabtree  Coal,  tok. 

Craig,  E.  IL  Cunningham,  4,  28. 
164. 

Cretaceous,  135. 

Crewe,  126,  \ML 

Crick,  G.  C,  lfi2. 

Crof«4,  W.,  18L 

Cros.skey,  \L  W.,  IfiiL 

Crow.itt)ne.s,  107. 

Ctu-ullffa,  132. 

Cuillin  Hills,  112. 

Ciuiningbam-Crai^f.    .S'e«  Craig. 

Cii.selite,  LLL 

Cwniafon,  121. 

(Jylindrlte*y  L3_L 

Ct/rtogmptw^  183. 
(Jythn'm^  137. 


Dahnally,  146,  Ui± 
Dalradiun  schists,  :i:>^ 
J  )cc,  River,  27,  2!>i  31. 
Dccsidf,  lik. 

He  la  lieclio,  Sir  iL  T.,  85,  87^  8}<^ 

90.  113. 
He  la  Har|>e,  P.,  1E± 
I)crl)ysl)ire.  2. 
IVvonian  System.  Mi 
Devonsliirr.  2. 
1  )iaV»ase,  IJ^  1 72. 

Dilhorne  ( "oal,  lliu. 

DiplfMjraptuM,  1^3. 

1  >ingwall,  4j  7,  Ljj. 

Dio!  itc,  13^  21h  3K  33,  39^  42^  4t)i  :.3, 

r^iJ,  72^  146,  IC3. 
I)i]>liHlu!<,  187. 

I  )ire<  tor  ( Jeneral.  (teikie,  Sir  A. 
Discina,  loH 

Di.von,  E.  K.  L.,  L  I3r>,  138,  Ui± 
Dolerite,  To,  8^1,  146,  164,  ITL 
l>o|on)ite,  66,  112,  IHh. 
Donald,  .Miss,  IM. 
1  )orset,  2,  1351  Ui± 
Down,  ^  74,  mi 
DrejHinei/a,  1^7. 
Dublin,  ^1  71,  LL 


Dunil>arton.sbire,  4^  38,  lliiL 
Dunicrtier,  E.,  133. 
DnncHunon,  a. 

Dyke,  12^18^27^33^39^40,42,48. 
J)4,/i8i63i64,65j69,72j81j90^ 
10«»,  113. 


"  Early  P>a.sic  UcK-ks,"  liL 
I'^  logite,  14,  lis. 
Ertontnt'iay  188. 
Egan,  F.  W.,  5, 7T,  IIIL 
Elsden,  J.  V.,  Iii3. 
EI  van,  12. 

KnUwwfttraaif  8/),  109,  1 10. 
Ejndiorite,  6.  7,  8,  9,  39,  40,  61,  65, 

70,  100,  HLL 
J^Jrchlcss  Forest,  19,  IM. 
Erratic  blocks.  149. 
Essex  Field  Club,  183. 
Estheria,  134. 
Etruria  marls,  109. 
Euoiiipho  lu*,  1 1 3. 

Exeter  District  Volcanic  Rocks,  IID. 
E.ifKjin'o,  137. 


Falconer,  K  ,  1  .'t5. 
I    Falmouth,  S3,  88,  95,  167. 
:  Fannich  Forest,  i.  8,  I .')7. 
!    Faults,  18,  20,  24,"28,  :i8,  45,  69,  83, 
I      102,  m,  112,  l_l5i  li^  I25i  129, 
f  135. 

I  IV'lsito,  18,  7^  77,  80,  8L  98.  10^ 
I      UI,  119. 

Felspar,  4a. 

"  Fclsiiathic  Ash,'"  Ifi. 

"  Felstone."  72.  71.  iZi. 

Fentoii  Fark  lionstone,  los. 

Field  work,  England  and  Wales,  L 

s:<  134,  148.  167. 

Fiohlwork,  Irclaiul,  5,       JOT,  16<; 
P'ieldwork.  Scotland,  4,  6,  82.  5*5, 

132,  141,  L41. 
Figured  Sjiecimens,  182,  184. 
Fionn  IUi<'inn,  6,  7,  10. 
Flagstxiic.  19.  23,  39. 
"  FUuser  '  Aspe<  t,  21L 
Folkfst'.ne  lieds,  131. 
Forbes,  182. 
Fort  William,  i. 

Fox-Strangways.    See  iStrangways. 
Fr«  (glial  1  Ironstone,  10(>. 
Fucoid  Reds,  mL 


Clabbro,  18,  39,  71,  142,  112. 
(lannister  Group,  KHi. 
Gardner,  J.  S.,  Iii2. 
(jarner,  Dr^  1119. 
Garnet.s,  la  H,  13^  15,  19, 
Garnet-scHist,  28,  43. 
Gault,  131. 
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'  Gedinnian  "  Group  of  Fossils,  fia. 
Geikie,  Sir  A.,  67.  80.  101.  Lia 
(Jerrans  Bay,  !H. 
Gibson,  W.;  -2,  3.  103.  124.  UiSL 
Glacial,  69^  m. 
(jlen  Albin,  aii 
Glen  Goimie,  iiL 
Glen  Derry,  IiL 
■  (  ilenelfi,  4,  lii  \Mi  li!^  1^ 
(  lien  Ktive,  iilL 
Glen  Ey,  30,  aL 
Glen  Ix>gan,  Q. 
Glen  lx)y,  33. 
Glen  Orrin,  20j  22. 
(ilen  Sannox,  08^  147. 
Glen  Sijean,  1  r^H- 
Glen  Tilt,  24i  28. 
(r'loitgfxp'ajthiSy  1H3. 
Gnei«.s,  6,  14,  24^  ^  44^  UiL 
Gower,  111. 
finnmtlten,  IOC,  LUL 
(jniigola  Vein,  \  \K 
( ^rauitts  2i,2«)j42,4H,5LWi61j60, 

73.  H<).  {J  t,  143.  U7,  1G6,  167,  IHO. 
Granitite,  29,  a3. 
(imnophyiv,  172. 
Grant  Wilson^    Set  VVii.son. 
( jrranulit&s,  7,  ^ 
Graptnlitefy  76,  lli2. 
Great  Glen,  30,  U6,  m 
(Jreen,  \.  LLll 
" Greenstone  ash,"  TT,  7H,  LIL 
"  (4reen  beds,"  36,  ILL 
Greywacke,  HH,  mL 
Greywether  Blf>ckH,  1 3.0. 
Gunn,  W.,  4,  6,  8,  lOj  68i  82i  133, 

Gyi-oUpus,  129,  ISi. 


"  Half-yard  "  Coal,  ILIIl 
llallaton,  IM. 
Hanjpshire,  2.  135,  138,  152. 
Harker,  A.,  4.  141.  liilL 
Harri.son,  iL  B.,  IfitL 
Hatch,  Dr.,  IIIL 
Hawkins,  C.  E.,  m 
y/f/i>,  liiJi- 

"  Hijjh-level  Flei8t«K.ene  gravel,"  LIQ. 
Hill,  J.  B.,  2,  42.  H8,  167,  im 
Hillebvand,  \Vrt\,  ilL 
Hind,  Dr.  W.,  IM. 
Hinxinan,  L.  \V.,  18,  33,  96,  Ififi. 
Hc»bson,  B.,  HQ. 
//(irituttonui,  188. 
Hornblende-biotite-iJchiHt,  14. 
Hornblende-schist,  6,  7,     9j  1^  lii 

iri.  16,  20. 
Horne;Xi  L  4,  6,  8,  39,  95. 
Hornfels,  28,  29^  33,  36,  43,  61,  S2. 
H..well,  H.  YUL 
Hull,  E.,  im 
Hume.  Dr.  UiL 


Huncerford,  140. 
Huxhain,  H^  llfi. 
Hythe  Beds7ia6. 


I;,nieous  llock.s,  6,  14,  22,  24,  39,  42, 
44,  51^  60.  67,  71,  75,  77,  82,  85, 
UK).  1 33,  134.  141.  149.  170.  172, 
UlL 

/nrhf>(f,  S,  L5fL 

"  Intru.sive  breccias,"  Ifi^ 

Inverary,  i!L 

Inverness-shire,  4,  6,  14,  18.  23.  39. 

95,  145,  155. 
Ironstone,  I3fi. 
Islay,fi£L 
Isix'hihna,  186. 


.lacksim,  W.,  mL 
.lainieson,  T.  F.,  159. 
Jonc-i,  lvujK.'rt,  186. 
Jurld,  .1.  W.,  134,  UI. 
Jukes- Browne,  A.  J.,  3j  1B2. 
Jura,  65,  147,  Ifia. 
.Jurassic,  134. 


Kaolin,  16H,  115. 
Keele  SjitiTstone,  108,  li£L 
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I^fe  present  volume  has  been  prepared  for  the  purpose  of 
making  known  the  geneml  j^an  of  work  and  the  state  ol  pro- 
gress of  the  (ieoloL:"i 'al  Survey  of  the  United  RinjOfdom  durinir 
the  year  1900.  The  nature  and  some  of  the  more  interesting  or 
important  features  of  the  TOnous  lines  of  inTestigatioD  in  the 
field,  the  office,  the  laboratoiy,  and  the  museumpare  bnefly 
described.  As  &r  as  possibls,  the  aooount  of  the  work  of  each 
member  of  the  staff  is  given  as  reported  by  himseli  In  such 
narratives,  even  where  the  Editor  exeroises  to  the  full  his 
fimctions  of  excision  and  condensation,  it  is  difficult  to  avoid 
what  may  seem  to  be  a  superfluity  of  local  detail.  It  must  be 
remeinbcred,  however,  that  the  g^reat  value  of  mucli  of  the  work 
consists  in  this  very  detail,  which,  even  whore  it  may  have  little 
interest  for  the  general  reader,  is  appreciated  by  those  to  whom 
new  observations  in  districts  known  to  them  are  welcome. 

llie  general  distribution  of  the  mapping  m  each  of  the  three 
kingdoms  is  hi  the  following  pages  first  briefly  sketched.  There- 
after  tibe  additions  made  by  the  staff  last  year  to  our  knowledge 
t>f  ttK!h  ot  the  geological  formations  in  the  countiy  ate  giY0li  in 
stratigraphical  order,  from  the  oldest  gneiss  up  U>  the  most 
recent  deposits.  The  most  remarkable  of  these  additions  is 
undoubtedly  ibe  discovery  of  a  lai'L^o  volciinic  vent  in  the  Isle  of 
Arran,  in  which  have  been  preserve*  1  masses  of  llha-tic,  Liassic, 
and  Up]X)r  Cretaceous  strata.  It  is  tluis  possible  to  determine 
beyond  reasonable  doubt  that  the  later  igneous  rocks  of  that 
island  are  of  Tertiary  age,  to  show  that  Mesozoic  formations  once 
stretched  into  the  basin  of  the  Clyde,  and  to  demonstrate  how 
stiqtsndoaa  has  been  the  denudation  of  the^peneial  surfiMie  of 
the  cotmtry  since  the  Cretaceous  pected* 
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Another  important  and  suggestive  observation  is  the  relation 
discovered  to  exist  between  some  younger  granites  of  the 
Southern  Highlands  and  the  vents  of  the  Lome  volcanic  r^on. 
As  these  vents  belong  to  the  time  of  the  Lower  Old  Red  Sand- 
stone, the  gianites  which  invade  them  cannot  be  older  than  that 
time»  hut  probably  belong  to  the  remarkable  series  of  granite 
extrusions  which  in  the  British  Islands  mtervoned  between  the 
close  of  the  Upper  Silurian  and  the  beginning  of  the  Upper  Old 
Ked  iSaudstoue  periods. 

ThePetrographiciil  workoi'  the  KSurvey  is  then  lu  ietly  described, 
and  a  summary  is  thereafter  given  of  an  investigation  of  the 
remarkable  assemblage  of  eruptive  rocks  which  has  been 
detected  in  Assynt,  and  of  the  metamorphism  induced  by  them 
on^the  surrounding  dolomites. 

The  Pakeontological  observations  made  at  the  Museum  of 
Practical  Geology,  and  at  the  Survey  Office  in  Edinburgh,  are 

next  shortly  epit/oniised,  and  attention  is  called  Lo  a  few  of  their 
more  important  fejiturcs.  ikief  idlusion  i.s  likewise  made  to  the 
continued  upplimititnis  receive<l  at  the  sevei*ai  offices  of  the 
Survey  from  the  general  public  and  from  Government  depart- 
ments and  Local  lioards  tor  advice  and  assistance  in  matters 
where  a  knowledge  of  geology,  and  more  especially  of  die 
geological  structure  of  particular  districts,  is  involved. 

A  list  is  given  of  the  maps,  sections,  memoirs,  and  other 
publications  issued  by  the  Geological  Siuvey  durii^  the  past 

year,  and  now  in  course  of  preparation,  togetlier  with  a  state< 
ment  of  the  iiou-otiiciai  contributions  to  science  made  by 
members  of  the  sta£ 

In  the  Appendices  will  be  found  catalogues  of  types  and 
figured  specimens  from  British  Pliocene  and  Pleifitocene,- 
and  Devonian  strata  in  the  Jermyn  Street  Museum.  These 
aie  the  second  and  third  instalments  of  the  series  of  such 
catalogues,  which,  as  announced  in  the  last  Stmmary 
ProgreHMf  it  is  intended  to  prepare  and  publish. 

As  I  retire  to-day  from  the  Public  Service  in  which  I  have 
sp3nt  upwards  of  forty-five  years,  I  may  be  allowed,  as  my 
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dofiiiig  official  act,  to  ezpresB  the  satiafiMStion  with  which  I  hand 
ow  theadminiAtiation  of  the  Gooiogical  Samy  and  Muaeam 
to  my  friend  and  colleague  Mr.  J.  J.  IL  Teall,  and  the  confidence 
with  which  I  look  forward  to  the  increased  strength  and 
ctiiciency  of  the  institution. 

AHOH.  GEIKIE. 

Director-General 

Qgological  Survey  Office, 

28,  Jermyn  Street,  Londo^y , 

Fdmuxvy  1801. 
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SUMMARY   OF  PBOGBESS 


OF  THE 

GEOLOGICAL  SUKVEY 

FOR  1900. 


PART  I.-.FIELD-WORK. 

L-^ENERAL  DISTRIBUTION  AND  STATISTICS  OF 

THE  STAFF. 

1.-BN0LAND  AND  WALES. 

In  continnntinn  of  the  arrangement  made  in  the  snTYirnpr  of 
1?J99,  the  iinmedmle  cliarge  of  the  Staff  of  the  »Survey  in 
England  and  Wales  lias  been  in  the  hands  of  Mr.  H.  B.  Wood- 
ward, F.RS.  He  has  been  chiefly  engaged  at  the  head  oliioe, 
hut  has  from  time  to  time  visited  the  Qmceis  in  the  field.  The 
pressure  of  other  duties  has  far  some  years  past  made  it  im- 
possible for  him  to  resume  the  mapping  of  the  Jurassic  rocks 
of  tlie  north-west  Highlands,  in  whicTi  ho  had  made  some 
progress.  As  it  was  necessary  to  complete  this  work  in  order 
to  allow  of  the  puhHeation  of  the  majxs,  and  as  none  of  the 
Staff  in  Scotland  possesses  the  re<^uisite  acc^uointance  with  the 
Jurasac  formations  to  be  able  to  oontanne  M.K  Woodward's 
mapping,  it  was  deemed  best  that  Mr.  C.  B.  Wbdd  should  be 
detailed  for  the  purpose  from  his  district  in  Stafibrdshire,  and 
that  Mr.  Woodward  should  start  him  on  the  Jurassic  ground 
in  Skye — an  arraTiircmcnt  which  has  proved  entirely  satisfactory. 

As  stated  in  previous  Su  mnmtHea  of  Progress,  tlio  field-work 
of  the  Survey  in  England  and  Wales  now  consists  in  the 
revision  of  the  published  maps,  and  in  the  resurrey  of  the  Coal- 
fields and  of  those  counties  where  the  Drifts  were  not  origmally 
mapped.  The  general  distribution  of  the  Staff  has  remained 
nearty  the  same  as  described  in  the  last  Suanmary,  During  the 
Biiramer,  however,  it  was  found  ncccssar}^  temporarily  to  transfer 
three  members  of  the  English  Staff  to  complete  or  expedite  the 
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field-work  in  Scotland.  Mr.  S.  B.  WILKINSON,  who  is  now 
Stationed  in  Cornwall,  was  for  this  reason  engaged  for  part  of 
the  season  in  huishiTii^  his  mappinpr  of  the  Island  of  Jura ;  Mr. 
J.  B.  HiiJ..  also  stationed  in  Cornwall,  was  hkewise  eni])loyed  in 
pushing  lorward  the  Survey  of  Argvllsliire  in  continuation  of 
his  previous  work  in  that  county,  wliile  Mr.  Wedd  undertook, 
during  two  of  the  summer  months,  the  Jurassic  mapping  above 
referred  to.  These  interchanges  for  the  advancement  of  the 
field-work  in  Scotland  are  further  referred  to  on  pp,  4  to  6, 
The  withdrawal  of  these  officers  for  part  of  the  year  has 
necessarily  helped  to  reduce  the  area  surveyed  in  England  and 
Wales. 

In  the  district  of  Berkshire,  Buckinghamshire,  and  Oxibrd- 
shire,  Mr.  J.  H.  Blake,  from  his  station  at  Oxford,  has  surveyed 
ft  tract  of  25  square  miles,  including  101  miles  of  boundary- 
lines,  of  Avhich  79  relate  to  supertieial  deposits. 

In  Cambridgt  shire  and  Huntingdonshire,  Mr.  Wedd,  who 
was  detailed  for  this  special  pTirpo«?e,  surveyed  the  Corallian 
rocks  ill  order  to  coin|)1*'Nj  a  map,  and  traced  there  miles  of 
new  Ixmiidary-liiies  in  liiesu  formations. 

The  revision  and  resurvey  in  the  region  embracing  Cheshire, 
Derbyshire,  Leicestershire,  Shropshire,  and  Stafforoushire  have 
been,  as  hitherto,  su|>ervi8ed  by  Mb.  Fox  Strangways,  with 
whom  have  Vkhm  iisscH  iated  Mb.  Geobob  Babbow,  Mb.  Wal< ot 
GiBsox,  Mr.  T.  I.  PococK,  and  Mr.  Wedd.  An  area  of  140| 
squarf^  Tnilrs  has  there  boon  surveyed,  including  0701  miles  of 
boui  i< 1  11 ) -Hues,  whereof  533  belong  to  the  Drifts.  Tor  reasons 
whi(  ii  will  be  more  fully  stated  further  on,  Mr.  Barrow  was 
able  to  edve  only  a  short  time  in  the  early  summer  to  field-work 
in  the  Stafibrdshire  district  when  he  mapped  a  tract  of  4| 
square  miles  and  traced  10  miles  of  boundary  amone  the  solid 
rocks.  Besides  mapping  upwards  of  60  square  miles  of  this 
district,  Mu.  Giiwox  and  Mii.  Wr.nn  had  to  spend  a  considerable 
auinimt  of  time  in  the  laborious  duty  ol  examiniuLT  inininj; 
plans  ajid  se<-tioiis  in  the  colliery  offices  of  North  StatVordshire. 
Mr.  Giasox  has  now  gained  an  ac^piainlanee  with  the  details  of 
these  Midland  coal-pits,  which  is  of  great  practical  value  in 
regard  to  (piestions  that  arise  as  to  the  extension  and  identiii- 
cation  of  the  several  subdivi^ons  of  the  Coal-measures  under 
the  New  Red  Sandstone  of  that  part  of  F^nj^land.  To  the  east 
and  south-east  of  Marrlesfield  a  tract  of  ground,  nearly  30  square 
miles  in  area,  of  much  practical  importance,  but  considerably 
comphcated  by  faults  and  folds,  and  requiring  a  good  deal  of 
time  for  its  examination,  has  been  mapped  by  Mr.  Pocock.  In 
addition  to  the  general  supervision  of  the  field-work  of  his 
colleagues,  Mb.  Fox  Strangways  has  himself  mapped  a  tract 
of  45  st|uarc  miles,  which  emltnices  324  miles  of  boundary-lines, 
whereof  44  are  those  of  the  so.id  ro<"ks  and  280  tlusse  of  the 
superficial  fornjations.  Ho  has  completed  the  survey  of  Sheet 
156,  and  has  written  a  memoir  for  the  adjacent  Sheet  155,  which 
has  been  puhlislied. 

In  Cornwall  and  Devonshire  the  field-work  has  proceeded  along 
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the  same  lineB  as  in  the  last  few  yeais.  Mr.  Ussher  mapped 
22}  s(|uare  miles*  mduding  14iO  miles  of  geological  boundanea. 

His  time,  howevor,  lias  been  partly  taken  up  in  the  preparation 
of  a  memoir  <  >n  a  prtrt  of  Devonshire  surveyed  by  him,  as  well  as 
of  other  meinuirs,  now  in  progress,  relating  to  the  new  series  of 
maps,  and  partly  in  tracing  fresh  boundar  v-liiies  in  areas  already 
surveyed.  Mb.  Wilkinson  has  completed  an  area  of  4d|  square 
miles  in  the  south-west  of  Cornwall,  including  1 10  miles  of 
boundary;  but»as  already  stated,  he  was  transferred  for  a  pordon 
of  the  year  to  complete  work  in  Scotland.  Mr.  Hill's  return  of 
field-work  in  Cornwall  amounts  to  30  square  miles,  siirvpyod  from 
his  station  at  Falmouth,  and  includes  156  miles  ot  geological 
Boundary.  But  ho  also,  as  already  stated,  spent  a  considerable 
part  of  the  working  season  in  completip^  the  mapping  of 
some  of  the  ground  in  Argyllshire  on  which  he  was  formerly 
engaged. 

In  JDoraet  and  Wiltshire  the  field-work  has  been  carried  on 
under  the  superintendence  of  Mh.  Clement  Reid,  with  whom 
Mb.  E.  E.  L.  Dixon  has  been  assoeiatod.  The  area  surveyed  in 
these  counties  amomils  to  39}  square  miles,  and  includes  252 
miles  of  boundary-lines,  of  wliich  73  belong  to  the  drift  deposits. 
Besides  his  duties  in  the  field,  Mr.  Reid  has  taken  charge  of  the 
work  of  this  office  during  Mb.  Woodward's  absence,  and  his 
asBistance  has  heen  of  much  service  in  preparing  memoirs  for 
the  printer,  in  answcrinf^  public  inquiries,  and  above  all,  in  the 
elaboration  of  a  scheme  ior  the  production  of  maps  by  colour- 
printing,  to  which  reference  will  be  made  further  on.  It  should 
be  mentioned  that  the  area  examined  by  Mr.  Dixon  was  con- 
siderably larger  than  that  which  appears  in  the  returns  as 
surveyed  hy  bim,  inasmuch  as  he  haa  to  trace  fresh  boundary- 
lines  reqmred  in  the  ground  formerly  mapped  by  Mr.  Jukis 
Browne. 

In  the  revision  of  the  geology  of  Sussex,  Mr.  G.  W.  Lamp- 
LUQH  has  surveyed  an  area  of  42 ^  square  miles,  including  203 
miles  of  bounaarv,  of  which  60  belong  to  the  superficial 
deposits.  But  in  addition  to  this  mapping,  his  lime  and  atten- 
tion have  been  required  to  ^ther  tne  geological  results  that 
might  be  obtainable  from  the  sinking  for  coal  now  being  carried 
on  at  Dover,  while  he  has  also  necessarily  been  much  occupied 
in  correcting  the  proofs  of  his  Memoir  on  the  Geology  of  the 
Isle  of  Man. 

In  South  Wales  the  re-survey  of  the  coal-field  has  been  con- 
tinued under  the  superintendence  of  Mr.  A.  Strahan,  with  the 
assistance  of  Mr.  K.  H.  Tiddxhan  and  Mr.  T.  C.  Cantrill. 
The  area  surveyed  by  these  officers  during  last  year  amounts  to 
90i  square  mUes,  with  609  miles  of  boundary-lines,  whereof  292 
or  nearly  half  have  reference  to  the  various  superficial  deposits. 
In  connection  with  the  field-work  in  this  region.  I^r.  W. 
Pollard  spent  a  short  time  in  the  peninsula  of  Gower  resuming 
and  continuintr  his  investigation  of  the  doiomitisation  of  the 
Carboniferous  Limestono. 

The  total  axea  of  ground  surveyed  during  the  past  year  in 
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£ng1and  and  Wales  amounts  to  434  square  miles*  and  the 

length  of  boundary-lines  traced  is  2,675  miles,  of  which  1,079 
belonged  to  the  supen&cial  deposits.  Tbh  considerable  diminu- 
tion of  area  has  arisen  from  sovcral  cansep,  of  which  the  chief 
has  been  the  necessity  of  overtaking  the  accumulation  of  indoor 
work  wliioh  had  to  })e  pushed  forward  in  order  to  permit  the 
completion  of  certain  maps  and  memoirs.  A  large  part  of  this 
work  has  been  cleared  off,  and  it  is  anticipated  that  the 
mapping  will  now  proceed  at  a  quicker  pace. 

it  wul  be  observed  tliat  while  there  has  been  a  fiUlingoffin 
the  total  area  surveyed,  the  field-work  has  at  the  same  time 
increased  in  complexity,  for  ever}'  square  mile  mapped  has 
necessitated  the  tracing  of  six  miles  of  boundazy-iines. 


2.-SC0TLAND, 

The  provisional  arrangement  referred  to  in  the  last  Svmmary 
of  Proaress,  by  which  the  immediate  supervision  of  the  Survey 
of  Scotland  was  placed  in  the  liands  of  MR.  John  Hornf,  F.R.S., 
iias  b^n  continued.  Mr.  Horne  has  not  only  under  taken  the 
eenend  charge  of  the  Scottish  branch  of  the  establishment,  but, 
durinff  a  part  of  the  year,  has  resumed  his  field-work  in  luTor- 
ness-shire,  with  the  view  of  clearing  off  some  of  the  outlying 
portions  of  the  ground  aii  eady  snrv-eyed  by  him. 

The  only  changes  in  the  staff  in  Scotland  are  the  appointment 
of  Mr.  Cecil  B.  Crampton,  M.R.,  CM.,  as  an  Assistant  Geologist, 
who  entered  on  his  dnties  in  April  last,  und  the  promotion  of 
Mr.  L.  W.  lliNXMA^.,  ii.A.,  to  be  "Acting  Geologist"  until  the 
re-organisation  of  the  service  has  been  completed  and  he  can  be 
plac^  on  the  permanent  list. 

The  amount  of  field-work  returned  for  the  past  year  has 
fallen  somewluit  below  the  average,  owing  partly  to  Mr. 
Barrow's  serious  ill-health,  which  necessitated  his  retirement 
from  the  field  after  a  period  of  only  three  weeks;  partly  to 
delays  imavoidably  arising  in  the  completion  of  the  mappmg  of 
the  Island  of  Arran,  whicn,  though  the  area  still  to  be  survej^ed 
amounted  only  to  6}  square  miles,  inToWed  the  re-examination 
of  certain  complicated  triicts  consequent  upon  important  recent 
discoveries ;  and  partlj  to  Mr.  Gi^xn's  earlier  return  to  the  office 
for  the  pnr|)ose  of  finishing  the  dry  proof  of  Sheet  21  by  the  end 
of  December. 

In  Aberdeenshire,  which  embraces  a  small  part  of  the  area 
surveyed  by  Mr.  Hinxman,  one  (quarter  of  a  square  mile  and 
26}  miles  of  boundary  are  reported  by  him ;  and  in  the  same 
county  Mr.  Cunninqhah  Craig  mapped  26}  square  miles  with 

205 J  miles  of  boundaiy. 

fn  Argyll. si  lire,  the  survey  of  the  Island  of  Jura  was  com- 
pleted, 01  which  6i  square  miles  with  51  miles  of  boundn  y  were 
mapped  by  Mr,  Peach  ;  and  Oi  sq^uare  miles  with  59  miles  of 
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boundary  by  Mr.  Wilkinson.  From  Oban  as  a  centre,  Mb. 
SvjkLES  surveyed  SIJ  &ij[LUiro  iiiiks,  and  traced  190  miles  of 
boundaiy.  in  the  same  county,  Mb.  Wiuk>k  mapped  17} 
square  miles  'with  61  miles  of  boundary ;  Ms.  Hill,  10  squaie 
miles  with  124  miles  of  boundary;  and  MB.  ETNAsrrONi  63 square 
miles  with  273  miles  of  boundary. 

In  the  county  of  Banff,  Mr.  Cunningham  Cbaig  surveyed 
4  square  miles  with  5^  miles  of  bound  a  r}^ 

In  the  Island  of  Arran,  Mr.  Gunn  mapped  6i  square  miles, 
and  traced  111  miles  of  boundary. 

In  the  oounty  of  CSaithness,  from  Wick  as  a  centre,  Mr. 
FfeACH  suryeyed  41  square  miles  wiili  101  miles  of  boundary, 
and  Dr.  Cramfton  44|  squaie  miles  with  38  miles  of  boundary 
and  Gh  miles  of  coast  Ime. 

lu  iJimibartonshire,  Mr.  Cunningham  Craig  traced  21  miles 
of  boundarv'  in  groimd  previously  surveyed. 

In  the  county  of  Inverness,  between  Strath  Nairn  and  the 
-valley  of  the  Findhom  at  Tomatm,  Ma.  Hobne  smreyed  21  square 
mike  with  94  mUes  of  boundair.  In  the  west  part  of  the  same 
county,  south  of  Loch  Houm,  Mr.  Clough  completed  an  area  of 
24i  square  mil^  with  224  miles  of  boundary.  In  the  central 
and  eastern  parts  of  the  county,  Mr.  Hinxman  mapped  28^ 
square  miles  with  119^  miles  of  buiuidary ;  and  in  the  Fort 
William  District,  Mr.  Grant  Wilson  snrve\-ed  18  .square  miles 
with  88  miles  of  boundary.  In  the  island  of  Skye,  Mr.  liAitKE,K 
mapped  18fV  square  miles  with  216  miles  of  boundary,  and  Mb. 
Wedd  6  square  miles  with  37f  miles  of  boundary. 

In  PerttiBhire,  Mb.  Babrow,  before  ho  was  prostrated  by 
illness,  mapped  3  square  miles  with  20  miles  of  boundary ;  Mr. 
Grant  Wii.son  surveyed  22  square  miles  with  74  miles  of 
boundary,  wlnlo  Mr.  Cunningham  Crak^  traced  135  miles  of 
new  boundary  on  eround  previously  surveyed. 

In  Boss-shire,  Mb.  Peach  surveyed  12  square  miles  with  76 
mfles  of  boundanr;  Mb.  Clouqh,  1H  square  miles  with  99  miles 
of  boundary ;  ana  Mb.  Hinxman,  27  squaie  miles  with  168  miles 
of  boundary. 

The  totnf  riren  surveyed  in  Scotland  during  the  year  has  been 
430|  square  miles,  un  i  the  total  length  of  boundary-lines  traced 
amounts  to  2,618-1^7  miies. 

The  Director- General  paid  a  series  of  visits  of  inspection  ot 
the  field-work  in  Scotland.  In  Strath  Nairn  he  had  an  oppor- 
tunity of  seeing  some  of  the  exceedingly  interesting  recent  work 
of  Mb.  Hobne  in  that  district.  Thonoe  he  went  on  to  Skye, 
and  saw  a  portion  of  Mr.  Harker's  mapping  in  the  Island 
of  Scalpay.  On  the  southward  journey  he  took  occasion  to  halt 
in  the  rerthshire  Highlands,  where  in  company  with  the  District 
Surveyor  Mr.  Peach,  and  Mr.  Grant  Wilson,  he  inspected  a 

j>art  of  the  groimd  round  Shiehallion,  where  some  additional 
ines  are  needed ;  and  also  visited,  with  Mb.  Cunkinoham  Cbaio, 
a  portion  of*  the  area  between  the  Talleys  of  the  Tay  and  the 
Tummel,  on  which  that  officer  has  recently  been  engaged. 
Before  returning  to  headquarters  he  spent  a  week  in  Arran  and 
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saw  with  Mr.  Gunn  the  evidence  of  some  of  the  remarkable 
discoveries  which  Mr.  Peagh»  Mr.  Gunn,  and  Mr.  Maooonochib 
have  recently  luade  in  ihe  island. 


3.— IRELAND., 

The  field-work  has  been  continued  along  the  same  lines 
as  during  the  last  few  years.  Mr.  Nolak,  omog  to  a 
rheumatic  afiection  which  incapacitated  him  from  hill  cumbing, 
was  prcvent(  (I  last  year  from  continuing  his  revision  of  the  Drift 

on  which  ho  has  boon  oncrncrod  for  several  years. 

Mr.  Eg  AN  and  Mr.  Mc  Henry  completed  their  revision  of  the 
Silurian  rocks  of  Wieklow  and  Wexford.  The  former  of  these 
two  geologists  found  himself  early  in  September  unequal  to  the 
fatigues  of  field-work,  and  had  to  return  to  the  office.  Having 
su&reA  serious  iniury  from  a  car-accident,  in  which  the 
Director-General  ana  Mr.  McHenry  were  also  involved,  he  had 
never  thereafter  regained  his  health  and  stron^h.  He  struggled 
with  his  wcaknG?;s  dnrincf  the  Ciirly  half  of  last  summer  in  the 
field,  but  was  then  compelled  to  take  to  indoor  cmployTnont. 
Internal  complications  traceable  to  jaundice,  arisine''  from  tlie 
efiects  of  the  accident,  eventually  assmued  a  malignant  forni, 
and  finally  carried  him  off  on  the  6th  Januaiy.  His  gentle  dis- 
position made  him  everywhere  a  favourite,  and  his  long  and 
assiduous  service  to  the  Survey  deserves  hearty  recognition. 

Mr.  McHenry  pushed  the  revision  work  in  County  Wexford 
mitil  he  joined  up  lines  with  Mr.  Kilroe.  Later  in  the  year  he 
was  engaged  with  Mr,  Skvmour  in  a  revision  of  the  Silurian 
and  igneous  rocks  U)  t  lie  nortli  and  to  the  south  of  Dublin,  and  of 
the  numerous  dykes  along  the  southern  coast  of  County  Down. 

Mr.  Eiiaoe  completed  the  revision  of  216  miles  oi  Silurian 
ground  in  the  counties  of  Kilkenny,  Wexford,  and  Waterford. 

Mr.  Si  vMot  r  lias  studied  and  reported  on  228  rock-slides, 
and  has  had  IID  new  slices  prepared  and  added  to  the  Irish 
collection,  wliicli  now  numbers  2,470.  Besides  these  specimens 
he  has  examined  and  named  a  series  of  eighty  slic  es  \vhich 
already  existed  in  the  collection  but  had  not  l>een  determined. 
Of  the  rock-slides  studied  and  reported  on  by  him  115  were 
sent  to  him  from  Scotland,  as  it  was  impossible  to  find  time  for 
their  study  in  the  Petrographical  Department  at  Jermyn  Street 
Mr.  Seymottr  likewise  at  various  times  went  to  the  field  for  the 
purpose  of  assistinpf  the  .*?nr\'eyors  in  the  determinating  of  the 
petrographical  character  of  the  rocks,  and  of  gaining  u  « fnl  infor- 
mation ior  himself  in  regard  to  the  relations  of  the  masi>e^  in  the 
field. 

Mr.  Clark,  the  fossal-coUector,  was  occupied  in  the  counties  of 
Meath,  Dublin,  Wicklow,  Kildaie,  Wexforrf,  and  Waterford,  from 
which  he  obtained  a  large  series  of  fossils  and  of  rock  specimens 

for  the  illustration  of  the  new  edition  of  the  maps  and  the 
imnrovement  of  the  Survey  collections  in  the  ]k{.U8eum  of  Soienoe 
ana  Art  in  Duljluj. 
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During  a  taur  of  inspection  in  Ireknil  the  Director*Genenl 
took  occasion  to  visit  some  critical  sections  in  the  counties  of 
Willow  and  Wezfozd  with  Messrs.  Egan,  McHenry,  and 

Seymour,  and  arranc^ed  as  to  the  way  in  which  the  rocks  wore 
to  be  mnppcd.  He  likewise  spent  some  days  in  the  county  of 
Watcrford  with  Mr.  IviLKOE  and  Mr.  Seymour,  giving  attention 
more  particularly  to  the  coast-sections  and  aecidmg  on  the 
principle  to  be  followed  in  the  final  mapping  of  that  complicated 
Tenon. 

The  chief  scientific  and  economic  results  of  the  field-work  of 
the  Survey  in  the  three  kin^oms  will  now  he  ^vcn  in  stiati* 
graphical  order,  beginning  with  the  oldest  geological  formations. 

Pte-Cambrian. 

BOSS-SUIRE. 

FroTH  Aultguish,  between  Garve  p.nd  Ullapool,  Mr.  B.  N.  Mr.  a  N. 
Peach  continued  the  mapping  done  by  him  in  fonTier  years.  '^•*^''* 
The  prevalent  rocks  ^vhich  he  exaraijiea  in  this  district  belong 
to  the  type  of  '  Moinc  schists  "  or  "  quartzose  flagstones."  They 
are  essentially  granulitic  (^juartz-schists,  with  var^^ing  quantities  of 
felspar,  mnsooYite  and  biotite.  Muscovite-biotite-gneisSi  a  more 
or  less  matted  aggregate  of  biotite  and  muscovito,  with  granulitic 

? quartz  and  felspar,  and  in  places  granitic  knots  of  quartzo- 
elspathic  material,  occurs  in  belts  among'  the  "  Moinc  schist." 
Augon-g"nciss,  or  f(>1i:itf'd  jxjrphyritic  granite,  occupies  an  area  ot 
about  'l  square  niilc.^,  making  up  part  of  the  well-known  mass 
of  Xnelil>ae.  A  few  small  outhers  of  Old  lied  Sandstone  and 
Conglomerate  also  occur  in  the  eastern  part  of  the  area. 

'*Moine  schists"  and  *' MuscoTite-botite-gneiss,"  which  make 
up  three-fourths  of  the  area,  may  be  looked  on  as  the  country- 
rocks.  As  these  rocks  are  continuous  with  those  already  noticed 
in  previous  Reports,*  a  full  description  of  them  need  not  be 
given  here.  It  is  only  necessary,  tlierefore.  to  repeat  tiiat  the 
rocks  are  for  the  most  part  isoclinally  folded,  "vvith  Llie  limbs  of 
the  folds  dipping  eastwards.  In  spite  of  this  deceptive  appear- 
ance of  an  upward  succession  towards  the  east,  it  can  be 
demonstrated  tnat  the  same  beds  are  folded  upon  themselves  so 
rapidly  that  they  extend  over  bioad  belts  of  country  measured 
across  the  strike.  Tn  the  eastern  part  of  the  area  the  long  axep 
of  the  folds,  and  consequently  the  .strike  nl"  the  strata,  are  from 
N.N.E.  to  S.S.W.,  while  in  the  west^'rn  uai  t  the  .strike  is  N.  and 
S.,  and  sometimes  N.X.W.  and  S.S.K  ii  is  towards  the  western 
limit  of  the  area  that  thin  belts  of  Hfuscovite-biotite-gneiss 
occur,  which  are  continuous  with  belts  already  traced  through 
the  ground  to  the  south  from  near  the  head  of  Loch  Luidiart^ 
where  the  evidence  i.«  in  iavour  of  the  belief  that  the  separate 
belts  belonq-  to  a  single  band  appe:>ring  in  different  folds,  and 
separated  mto  isolated  portions  by  denudation. 


*  Suptmary  qf  Progrm  tor  1^98,  pp.  7-9  ;  and  lor  1889,  p.  7. 
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Mr.  B.  N.        Of  the  well-known  liiass  ot  iiiLrusive  Augeii  c:Tici.ss  or  foliated 
l^**^        porphyritic  granite  at  luclibae,  about  3  square  miles  come  into 
the  dSstriot  surveyed  by  Mr.  Fbach  last  year.  The  general 
character  of  Uiis  rock,  together  with  its  behaTiour  to  the  other 
schists  which  have  already  been  described,*  are  well  displayed  in 
this  district.    The  rock  here  also  becomes  finer  grained,  loses  its 
porphyritic  crystals  ne  n*  its  junction  with  the  s^iists,  and  sends 
out  apophyses  which  penetrate  the  schists  in  the  form  either 
of  sills  tnat  conform  uioro  or  less  to  the  original  bedding  planes  of 
the  schists,  or  of  dykes  that  cut  those  planes.  The  gramte  appears 
to  have  produced  a  certain  amount  of  contact  alteration  in  the 
schists,  though  this  early  metamorphism  is  now  masked  in  part 
by  the  structures  that  have  been  mduced  both  in  granite  and 
schist    by  the    pressure    to  which   they   have   neon  alike 
subjected,  and  to  wliifh  in  great  part,  if  not  wholly,  their  present 
crystalline  condition  is  due.    In  tracing  the  boundary -line  of 
augen-gueiss  it  became  apparent  that  the  gramte  over  a  wide  area 
lies  in  contact  with  the  same  band  of  rook,  and  that  mat 
irregularity  of  the  boundary  between  them  has  been  caused  by 
the  effects  of  denudation  upon  a  highly  plicated  line  of  junction 
which  displays  a  succession  of  isoclinal  folds.     Further,  the 
ayailable  evidence  supports  the  inference  that  in  the  area  which 
has  been  mapped  only  a  single  line  of  contact  is  exposed,  viz., 
that  along  the  upper  surface  of  the  granite.    The  intrusive  mass 
has,  therefore,  in  all  probability  the  form  of  a  sheet  or  sill  the 
bottom  of  which  is  not  here  laid  bare. 
Mr.  c.  T.        Tlie  crystalline  rocks  in  the  west  of  Inveniess-shire  between 
Cloiafh.       Loch  Duioh  and  the  hills  of  Knoydart  are  undergoing  ex- 
amination by  Mr.  C.  T.  Clott.h,  who  reports  tliat  most  of 
the   nren    wliich   has   been    surveyed    near    Loch    Duich  is 
composed  of  rocks  that  probiibly  belonj^  to  the  Lewisian  gneiss, 
but  that  siliceous  granulitic  scnists  belonging  to  the  "  Moine 
series  "  are  mixed  and  repeatedly  folded  witn  uiem.   The  axial 
planes  of  most  of  the  foldis  incline  E.  or  S.K 

Of  the  many  types  of  rock  referred  to  *  the  Lewisian  gndss  the 
following  are  among  the  most  noteworthy : 

1.  Marble  with  nlicates  of  lime  and  magnesia. 

2.  Edogitc. 

3.  HornV)lende-schist^  with  or  without  garnets. 

4.  Biotitc  f^eias  or  amst,  with  or  without  garnets. 

5.  Graphitic  gneiaa 

6.  Pyroxenite. 

T.  Finely  kiuinated  rocks  with  some  resemblaacti  to  iiiylonites. 

The  rocks  next  the  outcrops  f)f  marble  vary  in  character  in 
different  nlaces.  On  the  N.W.  side  of  Beinn  Fhada  the  ad- 
jacent rocK  is  sometimes  pyroxene-gneiss ;  at  Totai^  sometimes 
gamet-amphibolite,  or  thin  handed  homhlendic  gneiss,  or 
p^tous  schist  with  brown  mica^  Near  Oarr  a  gametaferous 
motite-gneisB  or  schist  comes  veiy  near  one  side  of  most  of  the 
outcrops. 

  14  .  .  41 

*  iSufmnofy  qf  Progrem  for  I8d8,  p.  8. 
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Bfany  of  the  hombleode^ohiBts  are  intiiDAtely  connected  with  Mr.  C.  T. 

the  eclogitcs,  and  form  mar^ns  to  them,  or  traverse  them  in  Clongh. 

thin  bands,  which  scora  to  represent  Unes  of  shear.  Others 
form  parallel  bands,  suTiietiuies  lianlly  an  incli  ihii.k,  separated 
by  bandii  of  paitj  acid  giieiiis  of  uuarl  v  the  same  thickness.  One 

homblende-adiiBt,  on  the  R  nde  of  fiilean  Donxiftti,  cuts  the  first 
foliation  of  an  acid  biotite-gneifls,  and  is  perhaps  of  the  same 

age  as  the  "  Scom  ie  dykes  "  of  Sutherland. 

Some  of  the  biotite-gneisses  or  schists  near  Carr  contain  biotite 
(often  of  a  bnnrii  colour)  in  great  abundance,  and  might  be  mis- 
taken for  micaceous  "  Moine-schists."  They  are,  however,  veined 
with  many  pal©  grey  acid  streaks,  resembling  foliated  peg- 
matites. These  streaks  are  more  abundant  than  the  pegmatites 
in  the  neighbouring  **  Moine-schists,"  and  dil^  from  uem  in 
being  for  we  most  part  finel}-  granulitic.  Hornblende-schists 
aie  luso  sometimes  interbanded  with  the  biotite-nieisses,  though 
it  is  not  certam  that  they  ever  occur  in  the  neignbouring  Moine 
series. 

The  garnets  in  the  garnctifcroiis  varieties  of  biotita-gneiss 
are  very  abundant,  ana  sometimes  measure  an  inch  across. 
Closely  assodated  with  these  gneisses  there  are  areas — 
sometimes  as  much  as  3,000  square  yards  in  extent — in  which 
the  rock  chiefly  consists  of  garnet  and  quarts.  Gtystals  of 
kyanite,  or  lumps  of  small  green  micaceous  scales— correspond- 
ing, perhaps,  to  the  "shimmer  ap^cj^te"  of  Mr.  Barrow* — 
which  seem  to  replace  kyanite,  frequently  occur,  both  in  the 
gametiferoiis  biotite-gneiss  and  in  the  peculiar  rocks  just 
aescribed.  In  one  locality  there  are  exposures,  several  square 
yards  in  extent,  which  consist  almost  entirely  of  garnet  and 
Isytadtd,  or  of  garnet  and  the  green  micaceous  scales,  in  nearly 
equal  proportions. 

The  graphitic  gneisscst  arc  usually  pyritous,  and  so  deeply 
weathered  that  it  is  ditlicult  to  prc^rnre  good  specimens.  It  is 
clear,  however,  that  many  contain  diopsicle  or  some  allied  mineral. 
About  130  yards  S.S.E.  of  the  S.W.  end  of  Lochan  an  Beinne 
i^aide^  a  seam  tmusually  rich  in  graphite,  and  perhaps  averag- 
ing 8  or  9  inches  thick,  can  be  tracM  n>r  about  30  yards.  Another 
good  locality  for  graphite  occurs  730  yards  W.N.W.  of  the  S.W. 
end  of  the  same  loch.  The  graphite  here  is  Yery  irregukrly  dis- 
tributed,  and  occasionally  occurs  in  masses  an  inch  or  two  in 
length  and  breadth,  wiiich  seem  mainly  composed  of  much 
crumpled  scales,  some  of  which  are  more  than  an  inch  lonnf. 

Intrusive  dykes,  striking;  W.N.W.  and  N.W.,  are  abundant  on 
the  S.W.  side  of  Lodh  Dmch,  but  rather  rare  on  the  N.£.  side. 
Some  are  composed  of  mica-trap,  some  of  homUende-biotite- 


*  Quart  Joum.        Soe^  voL  xlix.  (1898X  P> 

t  Qraphite  haa  also  bean  nptiead  withia  ailieeoiia  lamps  In  marbla^ 

and  in  eclogite. 

J  Thia  seam  was  pointe<^l  out  by  Mr.  Murdo  Munr-msoN,  the  game- 
keeper at  Tigh  Dhruideig.  The  name  of  the  loch  referred  to  iii  taken  from 
the  Ordnance  Jfapi,  bat  Ms.  Mobcbibon  itate*  that  it  ia  inooneot 
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Mr.  C.  T.      r.or|>hvrito.  and  soaic  of  felsitc.    A  few  dykes,  with  a  nearly 
Cluugb,        \]  —\V.  direction,  have  a  dark  basaltic  aspect,  biU  some  of  them 
contain  large  tiakes  of  biotite,  and,  perhaps,  belong  to  the  lam- 
prouhyro  ^oup. 

Turning  now  to  the  region  on  the  south  side  of  Loch  Hourn, 
where  he  has  recently  been  at  work,  Mr.  dough  remarks  that 
most  of  the  rocks  in  that  district,  so  far  as  yet  examined  by  him, 
belong  to  the  type  which  was  named  by  the  Geological  Survey 
the  "  Moine  schists,"  none  seeming  to  he  referable  to  the  Lewisian 
gneiss.  A  tract  of  at  least  nine  or  ten  square  miles  is  composed 
of  a  group  of  foliated  ro<  ks,  most  of  the  members  of  which  con- 
tain a  great  proportion  of  mica,  both  biotito  and  muscovite.  This 
group  may  provisionally  be  called  the  Ladhar  Bheinn  group, 
while  the  other  more  siliceous  rocks,  on  either  side  of  Ladhar 
Bheinn.  may  bo  classed  together  as  tho  Beinn  na  Caillich  groupi 
The  LadHar  Bheinn  micaceous  schist  or  gneiss  contains  crowas 
of  small  garnets,  nsnnlly  the  size  of  small  shot,  and  small  patches 
of  garnet-sand  are  common  in  tho  alluvia.  In  tho  micareons 
l)t'(l^  nee<lles  of  tourmaline  are  here  and  there  al)undant,  as  on 
the  coast  ir»0  yards  S.E.  of  Eilcan  a*  Mhuineil,  where  some  of 
them  an  inch  long  are  bent  and  broken.  Mixed  with  the  mica- 
ceous portions  there  are  in  some  localities  bands  of  granulitic 
siliceous  schist,  which  contain  few  or  no  garnets,  and  which  seem 
even  more  siliceous  than  most  of  tlic  Beinn  na  Caillich  gronp. 
Numerous  thinn«'r  garnetiferous  silifcons  hands,  rarely  more  than 
four  or  five  inches  tlii(-k,  contain  conspicuous  needlos  of  horn- 
blende, lying  at  various  angles,  and  fret^uently  across  the  folia- 
tion; also  zoisite  [91131*  These  bands  with  hornblende  and 
zoisite, are  radelyparallel  to  one  another,  and  sometimes  also 
to  other  bands.  This  arrangement  seems  to  indicate  bedding, 
and  probably  the  rocks  represent  altered  sediments.  The  ban^s 
project  conspicuously  from  many  of  the  weathered  rock-faces, 
and  frequently  show  contortions  wliieh  otherwise  might  escape 
notice.  On  the  limbs  of  some  of  the  folds  thoy  become  at- 
tenuated, autl  sometimes  altogether  disappear.  Mr.  Tkall  slates 
that  tiiey  are  allied  to  tho  zoisite-amphibolites  noticed  in  Ross- 
shire  by  Mr.  OuNN,f  but  that  some  of  them  are  more  siliceous 
than  the  Ross-shire  types. 

After  making  allowance  for  folding,  it  still  seems  probable  that 
the  Ladhar  liheinn  group  was  originally  very  thick.  At  the 
head  of  Coir©  Dhorcail  its  members  form  crags  more  than  l.UOO 
feet  higli. 

The  Beinn  na  Caillich  group  is  no  doubt  a  continuation  of  the 
siliceous  schists  which  on  the  rf.  side  of  Loch  Hourn  make  up  a 
large  part  of  Ben  Scriol.  Both  biotite  and  muscovite  com- 
monly occur  in  the  rocks,  but  in  small  quantity  compared  to  the 

granulitic  material.  Bedding  is  often  indicated  by  variations  in 
the  proportions  of  mica,  and  in  some  places  also  by  thin  dark 


*  Figures  in  square  brackets  refer  to  the  microscopic  slides  in  the  «eriea 
of  Seottiah  locka  in  the  ooUeetion  of  the  Qeological  Survey* 

f  jS'uflifiKii^  ^Progrw  for  1887|  p.  41» 
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Streaks,  generally  less  than  an  inch  thick,  whicli  are  rich  in  Mr.  C.  T.  • 
fifrains  of  ilmenite  [9119].  In  addition  to  irreffularities  in  the  C***"^'*' 
bedding  which  appear  to  have  been  caused  by  deformation 
diiziiu^  o(mtortioii,  tnere  are  otheis  which  may  be  due  to  original 
fidse-bedding.  In  many  places  the  laminffi  composing  the 
apparently  lalse-bedded  bands  seem  to  have  been  arranged  in 
curves  before  the  bands  themselves  wore  f(jlded.*  In  somo  parts 
of  the  group,  grains,  both  of  quartz  and  felspar,  probably 
represent  cl.'tstic  grains.  Although  to  a  considerable  extent 
granulitized,  they  project  somewhat  on  weathered  faces,  and  can 
also  he  distinguisnea  from  the  matrix  hj  their  freedom  from 
micaceous  scales.  They  are  often  in  the  form  of  short  rods,  with 
cross-sections  less  than  (  inch  in  diameter.  Sharply  distinguish- 
able from  these  grains,  small  spots  of  secondary  felspar  may  be 
observed  in  some  of  the  more  Tnieaccous  beds  of  the  group. 
They  are  generally  quite  free  from  granuliti/iition. 

Tne  boundary  between  the  Ladhar  Bheina  arid  the  l^inn  na 
Caillich  groups  is  not  a  sharp  lino.  An  intermediate  zone,  often 
from  50  to  100  yards  wide,  is  composed  of  thin  alternating 
hands,  some  siliceous  and  others  more  micaceous,  many  of  them 
not  more  than  an  inch  or  two  thick,  but  traceable  for  consider 
able  distances. 

It  appears  that  at  the  present  qronnd -surface  the  Lad  l  iar 
Bheinu  group  is  underlain  on  hoth  sides  by  the  sili(.'eous  schists 
of  the  Beimi  na  Caillich  group,  and  the  impression  is  given  that 
the  former  are  lying  in  a  syncline  of  the  latter,  and  are  therefore 
of  younger  date.  It  is  possible,  however,  that  they  lie  in  the 
central  portion  of  a  great  fan-shaped  fold,  and  that  tin  y  were 
originally  hi  low  the  other  group.  On  this  view  they  would  oeru]n' 
somewhat  the  same  horizon  as  other  micaceous  Ijeds,  which 
on  the  north  side  of  Loch  Hourn  fre(iuently  o(!cur  between  the 
Lewisian  gneiss  series  and  the  siliceous  Moine  schists.  On 
Ladhar  Bheinn,  however,  the  micaceous  beds  must  bo  much 
thicker  than  any  yet  seen  on  the  north  side  of  Loch  Houm. 

A  mile  or  more  west  of  the  Ladhar  Bheinn  mass  there  is  a 
broad  band  of  schist,  most  of  whi(;h  differs  from  the  connnon 
types  found  rirhor  in  tlio  Ladhar  l  iheinn  or  the  Beinn  na  Caillich 
groups.  A  great  part  of  this  l)and  is  fmely  bedded,  and  contains 
many  thin  micaceous  schists,  whifh  are  crowded  with  small 
spots,  the  size  of  shot  or  small  peas,  of  secondary  micropoikilitic 
felspar.  These  spots  closely  resemble  certain  others  already 
mentioned,  which  occur  not  &r  from  the  passage  zone  between 
the  Beinn  na  Caillich  and  Ladhar  Bheinn  groups,  and,  as  iIk 
beds  on  either  side  of  the  band  are  siliceous  .schists  of  much  the 
same  character,  it  seems  possible  that  tli(3  band  is  duo  to  repeti- 
tion by  folding,  partly  of  beds  near  llie  passa-^^o  zone  and  })artly 
of  Ladhar  Bheinn  beds.    But  none  of  the  peculiar  thin  beds 


*  It  hia  loug  been  noticed  that  in  many  niialured  Torridonian  gnis  and 
other  sediments,  the  minor  lamiag  are  often  sharply  curved,  <'ven  when  the 
bands  which  they  compose  are  nearly  hocizoqtiu.  Se9  S}r  At  Q«)^'» 
ftxtOook  o/  Geoloffy,  3rd  edit.,  fig.  \dl 
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Mr.  c.  T.  with  hornblende  and  zoidte  have  yet  been  noticed  in  it.  The 
CloaKli.  band  is  exposed  on  the  coast  between  Ccnm  GarMi  and  Riidha 
Ruadh,  ana  has  been  traced  S.W.  to  Gleann  (ilmserein.  Its 
width  is  freauently  abniit  half  a  mile,  but  the  boundaries  are 
somewhat  indefinite.  The  portions  which  most  resemble  i^adhar 
Bheinn  schists  increase  in  a  S.W.  direction,  and  are  exposed 
oyer  laise  areas  on  the  N.  side  of  Gleann  Ghuserein,  near  the 
Priest's  Pool. 

In  the  district  8.  and  S.E.  of  Barrisdale  on  Loch  Houm 
numerous  pe^atites  may  be  noticed,  some  of  ^  which  are 

as  much  as  thirty  yards  wide.  Many  are  of  very  acid  composi- 
tion, and  contain  much  quartz,  as  well  as  larp^c  plates  of  white 
mica,  while  others  present  brown  mica  and  pWioclase  felspar. 
Besides  the  broad  pegmatites,  many  of  which  benave  like  dyKt« 
and  cut  the  foliation  and  bedding,  thin  streaks  and  len  tides  of 
p^^tite  may  be  observed,  whidi  usuallj  keep  along  the  folia- 
tion-planes, and,  in  some  places,  occur  m  such  numbers  that, 
though  rarely  more  than  half  an  inch  across,  theyform  about  half 
the  rock  andl'^convert  it  into  an  "injection  gneiss"  or  "vem-f?-neiss" 
(*' adei-gneiss  "  of  .Sederholni.*)  The  thin,  sill-like  pc?;niia rites  are 
not  necessarily  accompanied  by  the  dyke-like  pogiiiatiLes,  nor 
are  the  latter  by  the  lormer.  The  sill-like  seams  are  often  dis- 
posed in  sharp  rolds,  and  foliated  across  their  sides  in  directions 
parallel  to  the  axial  planes  of  the  folds,  but  the  dyke-like  bands 
ofben  cut  straight  through  folded  beds  and  foMed  quartz  yeins. 
One  or  two  dyke-like  bands  have  been  noticed  to  cut  others  of 
the  sill  type,  though  they  seem  to  be  of  much  the  same  composi- 
tion. 

In  the  part  of  the  district  displaying  many  pegmatites  a  few 
thin  hjuidi  of  granite-gneiss  may  also  1x3  seen,  which  cut  the 
bcddmg.  In  the  Ladhar  Bheinn  group  on  the  coast  between 
Eilean  a'  Mhuineil  and  Inbhir  Dhorcail,  in  close  association  with 
the  bands  which  contain  hornblende  and  zoisite,  a  few  thin  beds 
of  hornblende  schist,  none  more  than  a  foot  thick,  may  jxxssibly 
represent  intrusive  sills,  but  none  has  been  noticed  to 
transgress  the  bedding.  There  are  a  few  thicker  hornhlcndic 
bands,  of  variable  composition,  which  are  only  occasionally 
foliated.  With  one  donV)tfi)l  'exception  all  theso  lie  E.  of  a 
line  drawn  N.  and  S.  tlirouL;h  Ladhai  liiiuuin.  Like  the  born- 
blende  intrusions  in  the  iE>me  rocks  on  the  N.  side  criP  Loch 
Houm,f  they  generally  cut  the  bedding-planes,  and  occa- 
sionally at  right  angles.  Some  of  them  are  crowded  with  ^uarta- 
veins,  as  much  as  a  foot  or  two  broad,  the  marginal  portions  of 
which  are  frequently  ])enetrated  by  long  crystals  ot  albite  or 
ohgoclase  [9109  and  9110]. 

The  intrusive  masses  which  are  never  foliated  may  be  divided 
into  three  groups.    1.  Mica-traps  and  lamprophyres :  in  dykes 

*  liber  eine  Archaiscbe  Sediment  Formation  im  siidwestlichen  Fin- 
land," p.  188. 

t  Svmmarif  qf  Fr9ffr«$t  tot  1688,  p.  18. 
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with  a  nearly  E. — W.  directioiL  2.  Basic  dykes  of  uncertain  age.  Mr.  C.  T. 
8u  Dykes  and  sheets  of  Tertiary  age.  CkiQgli. 
The  intrusioiia  of  the  first  ^oup  ave  somewhat  rare  in  all 

r\8.  The  dykes  of  the  thira  group  arc  very  common  in  the 
part  of  the  area,  but  rare  further  E,  They  strike  N.N.W., 
and  are  composed  of  basalt  and  dolerite,  or  more  rarely,  of  a 
rock  allied  to  trachyte. 

The  dykes  of  the  second  group  have  only  been  noticed  in  the 
E.  part  of  tho  area.  On  tirst  inspection  thvy  appear  like  some 
Tertiary  dykes,  but  they  generally  strike  nearly  E.  and  W.,  and 
contain  small  oval  reddish  or  pale  grey  patches,  often  a 
quarter  or  half  an  inch  long,  in  wnich  occur  small  ciystab  of 
nornblcndo.  Some — possibly  all — of  those  patches  nave  an 
aniygdulu  near  tho  centre.  It  seems  probable,  on  the  whole, 
that  they  belong  to  the  lainprophyre  group,  but  some  are  in  a 
very  fresh  condition  fur  such  rocks.  Mr.  Teall  states 
that  they  contain,  in  addition  to  the  hornblende,  more  or 
less  idiomorphic  auffite,  together  with  occasional  luotite  and 
pseudomorphs  after  olivine  [9111  and  9112]. 

Thedistnct  In  which  Mb.  Lionel  W.  Hinxhan  has  been  mainly  Mr.  I*.  Hiax- 
at  work  during  the  past  year  f^t retches  southwards  from  Strath- msa. 
conon  across  Glen  Strath  Farrar  to  Strath  Glass,  and  is  entirely 
occupied  by  crystalline  schists  of  the  Central  Highland  type  with 
their  associated  igneous  intrusions.  The  lithologiuil  characters 
of  these  rocks  and  the  general  structure  of  the  ground  were  fiilly 
discussed  in  the  Summary  of  Progress  for  1899»  and  the 
work  of  last  year  has  roTealed  few  facts  of  importance  to  add  to 
that  description. 

The  system  of  folding  in  Strathconon  is  of  a  more  complex 
type  than  that  wliieh  obtained  in  Glen  Strath  Farrar,  and  rapid 
changcii  in  the  pitch  and  direction  of  the  long  axes  of  the  folds 
give  rise  to  greater  irregularity  in  the  outcrops  and  areas  occupied 
hy  the  difierent  zones  in  the  former  region.  An  important 
structural  line  of  disturbance  crosses  tho  N.W.  comer  of  the 
ground,  and  has  evidently  determined  the  N.E.  course  of  the 
river  Mei^  between  Milton  and  Inbhir  diorainn.  It  is 
accompamed  by  a  snddr-n  deflection  of  the  strike  and  a  consider- 
able amount  of  crusiiing  along  the  eastern  bank  of  the  river. 
It  is  evidenLly  a  continuation  of  the  hue  of  fault  or  lateral  wrench 
mapped  hy  Mb.  Peach  in  the  ground  to  the  north,  and  described 
by  mm  in  the  Summary  of  Progress  for  1898. 

A  small  belt  of  rocks,  distinctly  separable  in  character  from  the 
muscovite-biotite-gneiss  with  which  they  occur,  is  exposed  in  the 
stream  and  at  the  foot  of  a  crap:  near  the  road  at  lialnuilt  in 
Strathconon.  These  fine-grained  granulitic  gneisses  have  a 
regular  banded  appearance,  contain  a  large  amount  of  epidote, 
and  though  generally  acid,  include  several  thin  hornblendic  • 
bands.  Tnej  appear  to  be  separated  iiom  the  overlying  musco- 
vite-biotite-gneiss by  a  line  ot  movement  and  crush,  along  which 
*  the  rock  is  very  finely  granulitic  and  even  i^tj  in  structuxa 
They  strongly  resemble  m  character  certain  gneisses  of  presuill* 
ably  Lewisian  age  further  to  the  west. 
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Mr.  L.  Uiiiz-  A  miioh  larger  ontrrop  of  banded  granitic  artd  granulitic 
biotite-  and  hornblunciic  gneiss  crosses  the  upper  part  of  Glen 
Strath  Farnir,  one  niilo  west  of  iiroulin  Lodge.  The  rocks  are 
well  exposed  in  the  Allt  Toll  a'  Mhuic,  and  from  the  lower  part 
of  tlie  precipitous  eastern  face  of  SgCkrr  na  Muice,  where  they 
appear  to  dip  beneath  the  flaggy  siliceous  "  M oine  schists. ' 
The  htrthor  linnts  oi  this  band  have  still  to  bo  traced,  but  it  is 
known  to  extend  westwards  up  the  valley  to  tlio  Uisgc  Mis- 
goach,  and  probably  forms  part  of  the  large  mass  of  Lewisian 
gneiss  mapped  to  the  north  of  the  river  Meig  and  Loch  Bean- 
nuchan  by  ,Mk.  Peach. 

With  regard  to  the  ij^noous  rocks  of  this  district,  it  may  be 
observed  that  sills  of  gametiferous  amphibolite  are  largely 
developed  about  Scat  well  in  Strathoonon,  where  they  are  asso- 
ciated with  the  highly  siliceous  members  of  the  **  Moine  schist " 
series.  They  die  f)iit  rapidly  to  the  westward,  and  higher  up 
the  valley  are  represciitetl  by  small  isolated  lenticular  masses. 
Some  of  these  are  full  of  veiy  large  garnets,  and  of  amorphous 
lumps  ot  garnet  mixed  with  (quartz  and  other  minerals,  and 
sunoundea  with  a  deep  black  mica — ^probably  Haughtonite. 

A  small  outlier  of  the  Glen  Orrin  granite  has  been  mapped  on 
Meall  M6r,  1^  miles  W.  of  the  main  mass.  Hie  mtervening 

f round  is  full  of  small  intrusions  of  granite  and  pegmatite,  but 
cyond  the  immediate  neighl)ourhood  of  these  masses  there  is  a 
striking  absence  of  acid  igneous  material  in  the  rocks  between 
Glen  Orrin  and  Strathconon.  Several  sills  of  nnca-trap  are 
found  in  the  Mome  schists  of  Strathconon,  Glen  Orrin,  and 
Strath  Glass.  They  have  a  uniform  E.  and  W.  trend ;  and  though 
rarely  exceeding  two  or  three  yards  in  breadth,  often  form  con- 
spicuous green  features  along  the  hill-sides. 

Several  mineral -veins  are  found  in  the  Moine  schists  on  the 
western  side  of  Strath  Glass  l>otwt  (  n  Struy  and  Crelcvan.*  They 
occur  as  veins  of  calcite  contammg  abundant  galena,  zinc-blende, 
and  barytes ;  and  are  associated  with  lines  ot  fault-breccia  that 
run  nearly  E.  and  W.  approxtmatelv  at  right  angles  to  the  strike 
of  the  sclusts.  The  mineral-yeins  do  not  appear  to  be  more  than 
2  to  3  feet  in  thickness,  and  have  an  average  dip  of  60°. 

The  lend  ore  was  at  one  time  worked  to  a  considerable  extent,  but 
owing  to  difticulty  of  carriage  the  mines  have  long  been  abandoned. 

A  thin  vein  of  plumbago,  also  worked  many  years  ago,  occurs 
in  the  muscovito-Diotite-gneiss  of  Glen  Strath  Farrar,  between 
Loch  a  Mhuilinn  and  Loch  Bunacharan.f 

*  Heddle  states  tliat  "crystallised  galena  occurs  in  glen,  two  miles 
from  Struy  Endiie,  m  barytes." — Afmrrmoffy  of  Scotland^  p.  17. 

+  The  occurrence  of  this  miueral  liLie  ha.s  \i>\m  l>eeii  known.  Jamesow 
mentions  that  "  it  occurs  io  imbedded  masses  and  diaseininated  in  gneiss 
inQlen  Strath  Farrar,  i!>  Tnverness-ahire."  M  tmud  of  Mirtn-alogy  (1^21), 
p,  118.  In  Heddle's  work  just  cited,  the  loiiowiiur  statement  occurs  aa  to 
the  working  of  the  graphite  at  this  place "In  1819  five  tons  were 
extracted,  which  sold  for  £93  each  ;  the  cost  of  raising'  was  £13  per  ton. 
It  IB  associated  here  with  felspar,  quartz,  mica,  and  garnet  The  rock 
near^tlie  old  workings  now  shows  only  scales  of  graphite  taking  the  place 
olmica*" 
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Veins  of  rose-quartz  are  met  witk  in  niMses  of  gamet-ampbi- 
bdite  at  ono  or  two  localities  in  Strathoonon. 

Torridonian. 

The  only  district  in  which  rocks  of  rocognisabh' Torridonian  Hp.  Hwkier. 
age  wore  mapped  ]:\^t  yr-ir  was  in  the  islana  of  Scalpay,  on  the 
east  side  ot'bkye,  wliere  tlie  unround  was  mapped  by  Mr.  Ali  ked 
Harker.  The  Torridonian  rocks  cover  the  greater  part  of  the 
island.  The  princi^l  stratigraphical  group  represented  by 
them  corresponds  with  the  Appfecross  group,  and  consists  of 
coarse  reddish  fclsmthic  sandstones,  mostly  pebbly,  and  often 
ouxrent-bedded.  Tne  lower  division  consists  of  finer-textured 
sandstones,  often  flaggy,  felspathic  in  the  upper  part  but 
quartzose  in  the  lower.  The  normal  dip  is  N.W.  at  about  "20° ; 
but  there  are  local  disturbances  of  Tertiary  date,  especially  a 
broken  synclinal,  forming  Mullach  na  Carn,  the  highest  groimd 
in  the  island,  llie  Cambrian  limestones  and  quartzites  are  not 
found  in  Scalpay,  and  the  relation  of  the  Torridonian  to  the 
great  post-Cambrian  disturbances  cannot  be  made  out.  It  seems 

Enable,  however,  that  the  rocks  are  overthrust,  for  on  the 
e  side  of  the  Sound    >Ti1y  f  distant,  the  corresponding 

i  (tho  lower  quartzose  members)  are  seen  resting  upon 
Cambrian  limestones. 


Balradiau  or  Younger  Schists  of  tho  Soottiah 

Highlands, 

Aberdeenshire. 

lilt  BaBRow  resumed  in  the  early  summer  the  mapping  of  the  Mr.  George 
remote  mountainous  region  at  the  head  of  Glen  Tilt  (which  has 
an  interest  to  geolopfists  from  the  visit  paid  to  it  by  Huttox*), 
but,  as  already  stated,  was  soon  disabled  by  Revere  ilhiess.  He 
has  supplied,  however,  some  notes  of  the  geology  of  the  groinid, 
based  partly  on  previous  exammation.  As  shown  in  the  struun- 
soctions,  the^  rocKs  have  been  intensely  folded,  the  majority  of 
the  folds  heiiu^  of  the  isoclinal  type,  with  limbs  dippmg  at  a 
high  angle,  A  local  peculiaritjr  of  these  folds  is  that  their  crests 
are  frequently  seen  just  at  the  junction  of  two  beds,  so  as  to  show 
which  beds  lie  next  eacli  other.  Thus  the  junction  of  the 
honestones  and  the  quartzite  is  repeatedly  exposeil.  The 
former  are,  moreover,  uL  times  so  thin  that  they  can  be  seen  to 
lie  betwe^  the  limestone  and  the  quartzite,  and  thus  the  order 
of  three  members  of  the  succession  can  be  determined.  These 
honestones  gradually  pass  into  the  dark  schist  so  frec^uently 
associated  with  the  limestone.  The  change  in  the  material  that 
lies  between  the  limestone  and  the  rpinrtzite  is  occasionally 
remarkably  sharp,  while  if  the  rocks  are  followed  along  the  strike 


Theory  of  the  Earth,  vol  iil,  p.  16. 
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Mr.  G«orge   oi  the  ioids  it  can  often  be  seen  to  take  place  quite  gradually. 

Bkiiow.  It  should  be  lemembered  that  the  folds  in  the  Highliuad  roob 
are  ot  such  depth  that  oatcrops  now  dose  together  were 
originally  a  considerahle  distance  apart,  so  that  the  am>earance 
of  a  sudden  change  may  be  entirely  dfloeptiTa  Jmb  local 
variations  in  the  Bed  next  the  limestone,  wroro  they  can  be 
followed  along  the  strike,  are  not  more  rapid  than  those 
in  the  Yoredale  rocks,  and  distinctly  less  rapid  than  those  in  the 
Lower  Oolites  of  East  Yorkshire.  A  dark  schist,  which  is  found 
on  tho  side  of  the  limestone  furthest  removed  from  the  quartzite, 
can  be  identified  from  place  to  place  by  the  fact  that  a  well- 
banded  rock  composed  of  laminie  alternately  poorer  and  richer 
in  lime  intervenes  between  it  and  the  limestone,  thonc^h  w^hcre 
this  rock  is  hidden  by  drift,  it  is  not  possible  to  say  with  which 
dark  schist  we  are  dealing. 

Two  intrusions  of  the  older  granite  have  been  met  with  in  this 
district.  One  occurs  about  a  mile  above  Falar  Lodge,  and  is  cut 
through  by  the  Falar  Bum.  Seen  from  a  distance  of  about  100 
yards,  this  rock  presents  the  appearance  of  bedded  sedimentai^ 
material  dipping  at  a  high  angle.  On  closer  inspection  this 
appearance  18  seen  to  be  due  to  the  perfect  fohation  of  the 
intrusion.  The  rock  is  now  an  augen-gneiss,  composed  of  oval 
crystals  of  felspar  wrapped  round  with  dark  mica.  The  larger 
felspars  aro  either  microcline  or  orthoclase,  and  the  rock  is 
identical  with  the  Mesll  Gruaim  augen-gneiss,  from  the  lower 
end  of  Glen  Tilt,  described  hjr  Mb.  Teall  some  years  ago. 
Though  this  rock  iB  so  loose  toat  much  of  it  can  be  picked  to 
pieces  with  the  fingers,  small  cores  can  easily  be  met  with  from 
which  sections  can  be  cut,  and  these  are  seen  under  the  micro- 
scope to  be  singularly  fresh  and  unaltered. 

1  he  other  example  of  these  intrusions,  which  occurs  near  the 
Tilt  valley,  is  the  only  case  of  the  occurrence  of  this  material  not 
exactly  along  the  line  that  intersects  the  belt  of  homfek- 
alteration  tbtat  has  now  been  proved  to  extend  for  so  g^eat  a 
distance,  though  it  does  not  lie  far  off  this  line.  It  is  less 
foliated  on  the  whole  than  the  augen-gneiss. 

A  number  of  thrust-planes  hfn  e  been  detected  arounri  Falar. 
Now  that  the  sequence  of  the  rocks  of  tlie  region  is  known,  it 
may  be  inferred  that  the  amount  of  displacement  is  usually 
small.  The  rocks  intersected  by  these  dislocations  are  highly 
schistose  close  to  the  face  of  the  planes  of  movement,  and  have 
there  acouired  a  thoroughly  crystsuline  structure.  The  effects  of 
the  small  thrust -planes  are  best  shown  by  the  quartzitc.  Owing 
to  its  hardness  this  rock  has  otl'crod  ,grcat  resistance  to  crushing, 
consecpiontly  cores  of  white  uncrushcd  quartzitc  are  still  seen 
in  the  mica  schist.  That  the  mica  has  been  produced  at  the 
expense  of  the  felspar  material  in  the  quartzite  is  well  displayed, 
for  distorted  pebbles  can  be  seen  converted  apparently  entirely 
to  while  mica. 

The  fact  of  the  occurrence  of  a  number  of  minor  thrusts 

leads  to  the  suspicion  that  a  major  thrust -plane  may  exist  in 
the  district.     The  evidence  seems  fairly  conclusive  that  a 
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powerful  thnust  nuis  in  the  bod  and  along  the  weat  side  oi  the  Mr.  Geoige  , 
upper  Tilt.   At  the  head  of  this  long,  singularly  straight  valley  Binw. 
a  striking  cantrast  may  be  seen  between  the  shapes  of  the  two 
sides.   The  western  shows  a  perfectlv  unifDrm  slope,  as  if  cut 

with  a  machine,  at  once  suggesting  tne  presence,  of  a  sole  or 
surface  of  a  thnist-plane.  The  other  side  of  the  valley  is  totrilly 
diUbrent  in  form,  being  sometimes  precipitous,  at  other  tunes 
presenting  an  easy  slope.  Indeed,  the  e^ust  sifle  of  tlie  valley 
looks  rather  like  an  irregularly-shaped  escarpment,  with  the 
sole  outcropping  firom  beneath.  An  examination  of  the  rocks  on 
the  east  dae  at  (he  bottom  of  the  valley  shows  that  they  become 
intensely  schistose  as  they  approach  this  sole. 

These  facts  have  been  obscured  by  the  much  later  Glen 
Tilt  fault,  which  is  essentially  a  normal  one.    It  is  accom- 

Eanied  by  the  usual  angidar  shattering  of  the  rocks,  which 
as  led  to  their  decomposition,  and  has  thus  obscured  their 
relations  to  each  other.  But  for  this  circumstance,  the  presence 
of  the  prooft  of  some  earlier  movement,  differing  in  its  effects 
jfrom  a  normal  fault,  would;  no  doubts  have  been  suspected  long 
ago  by  some  of  the  peculiar]  v  able  observers  who  have  from  time 
to  time  visited  Glen  Tilt,  l^ho  normal  fault  is  mainly  older  than 
the  mtrusion  of  the  granite,  as  is  slio^vii  l)y  the  abundant  short 
dyke-like  intrusions  of  that  ruck.  But,  as  in  the  more 
liurtherly  portion  of  its  course,  there  have  been  post-granitic 
moTements  which  have  at  times  ^preatlv  crushed  these  mtrusicms. 

It  may  be  remarked  in  conclusion,  that  the  stream-sections  in 
the  upper  part  of  the  Glen  Tilt  region  have  undergone  a 
singular  change  since  the  members  of  the  Geological  Burvey 
first  exaniiru'd  them.  They  were  remarkably  clear  and  accessibfe 
when  some  years  ago  they  were  visited  by  Mr.  Dakyns  and 
Mk.  Barrow.  For  a  number  of  winters  before  that  time  the 
snow  had  melted  in  such  a  way  as  to  slide  down  the  steep  sides 
of  the  gorges  in  great  masses,  tearing  up  any  small  trees  that 
had  begun  to  grow,  and  often  taking  with  it  the  soil  also.  The 
banks  of  the  gorges  were  thus  mostly  bare  rock.  For  some 
unexplained  reR'^on  this  has  not  happened  for  at  least  ten 
years.  On  reachmg  Faiar  Lodge  last  June,  Mr.  BARRowwas  neatly 
astonished  txy  sec  the  sides  of  the  stream  densely  wotxlea  "with 
small  birch  trees,  which,  as  they  have  grown  up,  have  arrested 
the  downwash  on  the  sides  of  the  ravines,  thus  affording  soil 
for  the  growth  of  grass.  The  Falar  Bum  in  its  lower  part  was 
from  this  cause  quite  imrecognisablo.  Many  of  the  sections 
arc  now  miite  obscured,  of  which,  fortunately,  drawings  and 
photographs  were  formerly  taken. 

While  engaged  for  a  short,  time  in  the  early  part  of  theMr. Hinx- 
summer  tracmg  the  limits  of  the  basic  portion  of  the  Cairngorm 
^nite  between  Glen  Gaim  and  Crathie  on  Deeside,  and  in 
joining  up  lines  with  Messrs.  Barrow  and  Cuivninoham  Craig 
on  the  N.  side  of  the  Dec,  Mr.  Hixxman  found  that  the  separa- 
tion of  the  basic  modification  of  the  granite  from  the  typical  acid 
eranitite  is  attended  with  considerable  difficulty,  owing  both  to 
uie  gradual  passage  of  the  one  rock  into  the  other,  and  to  the 
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Mr.  Hills.  (Irift-coverod  natiirc  of  imich  of  the  ground.  In  some  localities 
man.  and  especially  at  BalfenUiig  n.iid  near  Kechraclirie  in  Glen  Cairn, 

tho  line  l>otween  the  flesh-coloured  granitite  and  the  dark  qiiarlz- 
mica-diuritc  with  sphenc  is  more  or  less  sharplv  dctincd.  Else- 
where there  is  an  uusensible  gradatioo  from  the  acid  into  the 
more  basic  rock,  and  specimens  taken  from  various  parts  of  the 
same  mass  will  show  an  ever-varjring  amomit  of  btisicity. 
On  the  hill  slope  above  tlie  upper  part  of  the  Crathie 
Burn,  and  N.N.W.  of  Bridgend  of  Bush,  the  rock  varies 
within  a  small  area  from  a  line-grained  diorite,  chiefly 
composed  of  liornblende,  to  a  coarse  quarLz-biotite-diorite  or 
hornblende-granite,  rich  in  potash  felspar  in  tho  fonn  of  large 
crystals  of  pink  orthoclase.  Both  acid  and  basic  rocks  are 
traversed  by  small  later  intrusions  of  a  iine-grained  grey  rock 
with  porphyritic  felspar  phenocrysts,  belonging  to  thelampro- 
phyre  group. 

Some  intorostin**^  phenomena  of  themio-metaniorpliisrn  wore 
observed  in  this  rt  ifion.  The  main  mass  of  Cularuoch,  a  con- 
spicuous hill  which  rises  on  the  S.  side  of  the  Gairn  to  a  height 
oT  nearly  3,000  feet»  is  made  up  of  highly  altered  sedimentary 
rocks.  Gametiferous  mica-schists  are  found  at  the  northern 
end ;  while  the  summit  and  steep  southern  face  are  covered  with 
angular  blocks  of  dark,  ferruginous  audalusite-homfels  sometimes 
contiiinintjf  tounnaline.  It  is  evident  that  we  are  here  draliiig 
with  altered  pliyllites  and  black  schists  of  the  Banrtshiru  s<  rios, 
while  there  can  be  little  donbl  thul  this  metamorphism  is  due  to 
the  Cairngorm  granite  which,  in  its  more  basic  form,  almost 
^tirely^  surrounos  the  hill  and  crosses  its  S  E:  shoulder  in  close 
proximity  to  the  homfels. 

Intense  contact-metamorphism  was  also  observed  in  tho 
Knoch  of  Lawrie,  in  connection  with  apophyses  of  the  newer 
granite.  Limestone  bands  have  been  converted  into  ijret'n  calc- 
silicates,  while  the  accompanying  black  schists  pass  into  oordieriie- 
homfels,  in  which  the  charactcrislie  puckering  of  these  schii.ts 
can  still  be  detected.* 

In  connection  with  these  observations  on  the  Aberdeenshire 
ground,  reference  may  here  be  most  conveniently  made  to  tho 
results  of  a  re-examination  of  part  of  the  distri(  t  of  Strathspey 
by  Mr.  HiNXM AN  tof;(  ther  with  Mr.  Grant  \Vii.s(»n.  Fiirth<  r 
study  of  the  igneous  masses  of  Hunt  Hill  and  Netherly  un  the 
Biu  n  of  liothes  tends  to  prove  that  there  is  here  a  basic  modifi- 
cation of  the  ordinary  acid  gramtitc,  similar  to  that  met  with 
in  connection  with  many  other  mtrusions  of  the  newer  granite. 
The  bosic  rock  is  a  coarse-grained  quartz- mica-diorite,  the  biotite 
often  occiuring  in  very  l  tr.ro  individuals.  The  granitite  is  of  the 
usual  Cairnsform  type,  and  forms  a  complex  with  the  surrounding 
sedimentary  rucks,  wlu.  li  :iro  nuirh  impregnated  with  granitic 
material.    The  rektions  of  these  two  types  are  nowhere  clearly 


*  Mr.  CuiTMNGUAM  CuAlo's  accouiit  of  the  contact-metamorjiTiism  of 
this  region  and  his  description  of  recent  work  auioug  tiie  Cairngorm 
granitflt  are  given  at  pp.  19  et  wg. 
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Tinble  <m  Hunt  Hill,  l»ut  along  the  roadside  between  Bandaleitli  m^.  hJhx- 

and  Craigellachic  Bridge  an  apparent  passage  can  be  traced  from  man. 
a  basic  rock  resembling  the  Ketheriy  diorite  into  the  red  granite 
of  the  Kock  oi  Craigelmchic. 

Th(;  (listrict  of  Alx'nlcensliiro  suiTeyed  hist  year  by  Mr.  Mr. 
CuNNiNGiiAM    CiiAiG,  Ucs  liorth  of  the  Kiver  l)ee,  between  CunBtagham 
Crathie  and  the  Feardar  Bum.  It  is  chiefly  remarkable  for  the 
number  and  yariety  of  its  igneous  intrusions,  the  relations  of 
these  intrusions  to  each  other,  and  their  metamorphic  effects 
upon  the  snrroimdinf^  and  included  rocks  of  sedimentary  origin. 

More  than  five-sixths  of  the  groimd,  where  free  from  drift,  is 
occupied  by  i^ieous  rocks,  nearly  all  ot  which  are  holocrystalline, 
and  all  of  which  can  be  assignea  with  certamty  to  the  age  of  the 
newer  granites  and  diorites.  The  district  lies  iust  outside  t^e 
area  of  the  larger  granitic  tracts,  being  situated  oirectly  between 
the  granite  mass  of  Lochnagar  and  that  of  the  eastern  exten- 
sion of  the  Cairngorm  Mountains.  The  intnisions  arc  for  the 
most  part  comparatively  small,  and  have  been  introduced  at 
slightly  different  epochs  in  the  period  of  igneous  iutrMsion ;  it  is 
evident  that  intiHxiuction  of  igneous  material  has  taken  place 
from  a  ditiiBrentiatmg  magma,  and  while  no  clear  evidence  of 
<3ti6forentiation  in  situ  has  been  obtained,  many  minor  phases  of 
the  magma  are  represented. 

The  i^eous  rocks  may  be  classified  primarily  into  (1)  Diorites 
and  their  apophyses,  and  (2)  Granites  and  their  a|>ophyses. 
The  various  masses  are  verv^  irregular  in  form  at  the  surface,  but 
often  spread  out  into  sheets,  or  sill-like  forms,  such  as  are  so 
characterLstic  of  the  newer  granites  iu  the  Braemar  district. 

The  diorites  are  the  earhest  intrusions  in  this  district.  They 
▼aiy  in  composition  from  a  fairly  basic  diorite  containing  augite 
to  a  rock  containing  rather  more  biotite  than  hornblende,  and 
wbicb  may  even  contain  (j|uart2,  l^us  meiging  into  the  granitic 
type.  All  these  plu tonic  rocks  may  have  their  fine-grained 
apophyses,  as  dykes  or  ni  tvLnuai  belts,  which  range  &om  camp> 
tonites  to  quartz-porphyri'i 


lL'.S. 


Into  and  through  these  mtcrniediate  rocks  biotite-granites, 
which  also  Tary  perceptibly  in  composition,  have  been 
intruded,  and  these  more  acid  phases  of  the  magma  have 
occasionally,  though  much  more  rarely  than  the  diorites, 

their  fine-grained  apophyses,  eurites,  aplites,  and  qnarlz- 
porphyries.  Where  a  considerable  mass  of  granite  comes  iu 
contact  with  the  dioritic  rocks,  the  latter  are  frequently  seen 
to  have  been  fused  or  partially  fused,  so  that  an  intermingling 
of  the  materiab  of  the  two  rocks  has  taken  placa  This  inter- 
mingling may  haye  been  assisted  by  chemical  action.  Spechnens 
showing  the  incipient  intermingling  may  be  obtained  m  many 
localities,  but  more  frequently  the  interfusion  has  been  more 
complete,  and  a  new  rock,  p;u"taking  of  the  nature  of  bolh 
granite  and  diorite,  has  bci  n  formed.  As  these  mixtures  of 
Igneous  material  may  have  taken  place  bt-twcen  any  variety  of 
diorite  and  any  vaiiet}  ui  gruuiu;,  ii  is  evident  that  many  rocks 
to  widch  it  18  difficult  to  assign  a  name  may  occur.  The  belts 
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Mr.  of  composite  rocks  of  this  nature  never  attain  any  ^reat  breadth 

Cqniiipgh>ro  ^^^^  i]^q  surface,  but  are  usually  well  defined,  and  have  been 
mapped  wherever  this  was  possible,  and  distinguished  from  the 
diontes  and  granites.  Some  varieties  have  been  mapped  as 
tonalite ;  but  the  term  is  not  often  apnlicable,  the  usual  type 
being  a  qiiartz-plagioclase-biotite-homnlenflc  rock,  often  with 
lar^e  crj'stals  of  pink  orthorl.isc  -  n  liornblendt -»^ranito. 

In  many  mses,  where  the  coiulitions  wcro  not  fiivoiiraWe. 
though  the  evidence  is  often  insutiicieut  to  enable  a  cause  for 
this  to  be  determined,  no  interaction  has  tt^en  place  between  the 
diontes  and  granites.  In  these  cases  the  gramtic  intrusions  are 
usually  small;  it  is  possible  that  the  "quantity  of  heat  "  available 
was  insufficient  to  fuse  the  earlier  rock.  Certain  fine-grained 
intrusions  may  represent  the  dyke  phases  of  the  composite  rocks, 
such  as  a  auartz-porpliyry  with  h<»niV)leiido  ])henocrysts  on 
Creag  an  Ornnigh.  Tlie  liomblendes  may,  however,  have  been 
derived  from  the  diorite  through  which  the  quartz-porphyry  has 
been  intruded. 

Besides  the  lai^r  irregular  intrusions,  djkes  and  veins  are 
numerous  in  this  area,  especially  those  of  acid  material  from  the 

granite.  Tn  some  localities,  in  a  fclspathic  l»iotite-gneiss,  the 
granitic  veins  V)ecome  so  frequent  that  tlie  rock  may  he  said  to  be 
permeated  >vith  igneous  material,  the  ervstalline  constituents  of 
which  olten  '  doveUiil  "  with  the  crystalline  constituents  of  the 
metamorphosed  rock«  giving  an  indistinct  or  welded  junction. 
The  material  of  these  veins  varies  from  a  fine  white  aplite  to  a 
fiEiirly  coarse  granitic  pegmatite,  while  a  faint  pseudofoHation 
may  be  observed  occasionall}'.  Where  the  diontes  are  cut  by  the 
same  veins  the  jimction  lines  are  sharp,  and  no  trace  of  parallel 
structure  in  the  veins  is  noticed.  The  areas  where  permeation 
has  been  observed  can  be  traced  with  occasional  gaps  and 
intervals,  where  one  of  the  larger  intrusions  occupies  the  siu^ce 
or  where  the  ground  is  drift^vered,  for  several  miles  to  the 
westward  and  soutii-westward  to  Creag  a'  Ch]<  iri(  h,  north  of 
Bracniar,  where  the  permeation  by  gmnitic  material  l)encath  the 
sOl  of  Auchindryne  !:;Tanii(»  has  been  previously  noted.  {Sum- 
mciry  of  Proffrfsfi,  l.SIi.S,  p.  32/) 

With  re<;ard  to  the  metamorphic  etfect  of  the  ij^neous  intru- 
sions, the  evidence  is  here  strikmgly  complete.  The  urea  is  one 
of  slowly-cooled  plutonic  masses,  quickly-cooled  dykes  being  the 
exception ;  and  so  largely  do  igneous  toclu  occupy  the  sur&ce 
of  the  ground  that  no  exposure  of  original  sedimentary  rock  has 
been  observed  at  a  distance  greater  tlian  a  hundred  yards  from 
one  of  the  lar<]fer  iirneons  masses.  This  is  the  measurement  in  a 
horizontal  dircrtion ;  measured  vertically,  the  distance  can 
usually  be  proved  to  he  very  much  less,  as  the  patches  of 
metamorphic  rock  He  frequently  above  the  intrusions,  or,  pre- 
8erviD|3^  their  natural  strike,  are  wedged  between  separate 
intrusions,  e.g.,  of  granite  and  diorite.  Lines  of  inclusions  of 
metamorphic  rock,  maintaininff  a  r^ilar  strike,  can  be  traced 
in  this  manner  aloni?  the  hill  sides.  As  might  be  expected 
under  such  circumstances  cvoiy  rock,  which  from  its  composition 
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is  susceptible  ox  thenno-metomorphio  chftnge,  is  pioloimdly  Mr. 
altered.  GannwghMii 

Mr.  Barrow  (Snmynm^f  of  Profprss  for  1899)  has  called  **** 
attention  to  the  exceptional  extension  of  cordieritc-hornfels  in 
this  area  outside  tlie  e^reat  s^ranitic  masses  of  Lochnagar  and 
the  Cairngorm  Mountains.  Tte  ahiminous  black  schist,  wherever 
it  appears  in  this  area,  is  changed  into  homfels,  either  as 
ooidierite,  andalusite,  or  kyanite-homfels,  often  with  a  great 
development  of  contact  biotlte,  all  scbistosity  being  obliterated, 
while  the  somewhat  aluminous  quartz-biotite-rocks  appear  as 
rusty  bande<l  i^neissos  or  homfels,  containing  sillimanite.  Even 
the  pure  quartzite  is  greatly  affected,  presentinp^  on  a  fresh  frac- 
ture a  coarse  mosaic  of  glassy  clenr  auartz,  in  which  occasional 
felspar  blebs  may  be  detected.  The  beading,  except  where  colour- 
banding  occurs,  has  been  obliterated. 

The  metamorphism  of  the  limestone,  however,  is  perhaps  the 
•  most  Btoiking  teist  of  the  extent  to  which  thermo-metamorphio 
processes  have 'proceeded.  The  late  Dr.  Heddle  has  made  the 
limestones  of  Crmf:^  Mhor,  Creag  Bheag,  Crcag  an  Ordaigli,  with 
their  magnificent  development  of  silicates,  well  known;  masses  of 
^pEimet,  idocrase,  makcoute,  wollastonite,  etc.,  are  the  rule  rather 
than  the  exception  in  the  less  pure  bands,  while  those  bands  too 
pure  to  give  nse  to  silicates  are  converted  into  a  white  marble,  in 
which  the  individual  crystals  are  sometimes  as        as  peas.  . 

A  remarkable  case  of  interaction  between  an  igneous  and  a 
sedimentary  rock,  or  of  the  absorption  of  the  latter  by  the  former, 
has  been  observed  on  Creiig  Bheag,  a  mile  north-north -west  of 
Inver,  wiiere  the  diorite  comes  in  contact  with  a  considerable 
mass  of  limestone.  For  a  distance  of  fifty  yards  the  margin  of 
the  igneous  rock  is  modified  in  a  peculiar  manner  for  a  depth  of 
not  more  than  three  or  four  yards.  The  section  is  not  sufficiently 
well  exposed  to  admit  of  all  the  evidence  bcin^  made  clear,  but 
enotigh  to  establish  the  main  fact  has  been  obtained.  The  diorite 
inside  this  marginal  zone  is  a  normal  fine-grained  diorite,  with 
some  biotite,  dark  in  colour,  and  showini^  no  abnormal  arrange- 
ment of  the  minerals.  At  the  marginal  belt,  the  eharacter  of  the 
igneous  mass  changes  rapidly  but  oy  perceptible  gradations,  the 
rock  becoming  an  augite-dionte  of  a  peculiar  type.  The  material 
has  a  mottled  appearance  o>ving  to  the  development  of  large  ill- 
defined  plagioclase  crystjds  in  a  matrix  composed  of  green  lath- 
shaped  crystals  of  diopsifle  and  felspar,  with  nornblende,  quartz, 
and  sphene  in  lesser  quantity.  The  crystals  of  sphcne  sorae- 
thnes  attain  a  large  size.  Biotite  is  occasionally  present  near  the 
passage  into  normal  diorite. 

Hr.  Teaix  has  examined  specimens  of.  this  auffite-dioiite 
and  has  supplied  notes  on  the  microscopic  features,  fiom  which 
the  following  remarks  are  taken : — 

"[9184]  AuKite-diorite,  composed  of  hornblende,  dtopstde  plagicckee^ 
qnarta»  and  sphene.' 

"[9126]  Variety  of  the  above  essentially  composed  of  pale  green 
pyroxene,  plagioclase  and  sphene  (m  very  large  indiyidualfl),  ApAtiite» 
rendered  almost  opaque  by  incluBious,  is  also  present,  ' 
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FIEtD>WORK. 


Mr.  It  is  to  be  remarked  that  this  modification  of  the  diorite  is  a 

CnMingham  purely  local  phenomenon;  it  appears  that  some  part  of  the 
liTuestone  has  been  absorbed,  thus  modifying  the  coiuposition 
and  totally  ehani^aug  the  n^spect  of  the  igneous  rock.  A  some- 
what similar  rix;k,  for  wliich  a  similar  mode  of  origin  has  been 
suggested,  has  been  described  by  Mr.  Uimxhan.  (jBseplaruUion 
of  Sheet  76,  p.  27.) 

Cairngorm  Qranite. — In  the  area  of  Cairngorm  granite  and 
contiguous  flacrgy  biotite-f^ci.s.ses  survTvcd  last  yo^ir  in  Sheet  64, 
the  most  interesting  point  is  the  occurrence  of  certain  white 
niuscovitt'-pejTfmatites  in  the  iiictaniorphic  rocks.  These  pegiua- 
tites  are  contined  to  the  area  to  the  north-west  of  the  great  Clais 
na  Fheama  &u]t,  and  with  the  exception  of  a  few  nuziute  veins, 
a]l  occur  within  a  distance  of  a  mile  from  the  granite  margin, 
but  their  petrological  characters  are  su  distinct  from  any 
intrusion  recognisably  connected  with  the  granite  mass,  as  to 
suggest  a  different  origin.  These  pegmatites  seldom  attain  a 
thi<ucness  of  more  than  4  feet,  and  can  never  be  traced  for  any 
groat  distance ;  they  usually  follow  the  bedding  of  the  country- 
rock  in  horizoutiil  leiiticles,  though  vertical  veins  are  not  infre- 
quent All  exhibit  a  more  or  less  distinct  foliation  and  -flaser- 
structure,  which  are  more  marked  in  the  horizontal  veins.  The 
rocks  consist  of  drawn-out  lenticles  of  quartz  and  felspar,  with 
plates  and  well -developed  crystals  of  mnseoWtc,  surrounded  by 
a  granulitic  matrix  of  quartz  and  felspar.  Garnets  are  frequently 
present.  Many  parts  of  the  veins  are  completely  graiuilitised, 
especially  towartls  the  mumns.  In  those  veins  which  follow 
more  or  less  closely  the  bedmng-planes  of  the  surrounding  rocks, 
the  foliation  of  the  igneous  material  coinddes  with  that  of  the 
inetamorphic  rock,  while  in  the  vertical  veins  the  foliation  fre- 
quently makes  a  large  ani^'le  with  the  margins  of  the  vein. 
From  this  relation  it  is  eviilent  that  the  foliation  is  not  a  proto- 
clastic  structure  induced  bv  flow  during  cooling,  but  has  been 
develo{)ecl  by  cataclastie  action — a  fact  whieh  suggests  tliat  these 
pegmatites  are  of  eiirlier  date  than  the  gi'anite.  Evidence  with 
regard  to  the  Clais  na  Fheama  foult  supports  this  view.  Hiough 
all  movement  along  this  great  line  of  disruption  had  not  alto- 
gether ceased  at  die  time  of  the  intrusion  of  the  Oaumgorm 
granite,  that  mass  of  igneous  rock  is  not  very  ^eatly  affected, 
while  tb(^  area  in  which  these  pegmatites  occur  m  this  district 
is  bounded  by  the  fault,  as  if  they  had  been  inini<it'(l  prior  to 
the  dislocation.  Tiie  state  of  metamurphisui  on  tlie  two  sides  of 
the  &ult  does  not  differ  great!) ,  though  the  country-rocks  to  the 
westward  of  the  &ult  are  obviously  on  a  different  horizon  from 
those  on  the  eastern  side,  as  shown  by  the  disappearance  of  soHd 
quartzite  bands. 

IfB.  Tk ALL  has  examined  microBCopically  two  specimens  from 
the  folia ttxl  pegmatites,  and  calls  attention  to  tne  absence  of 
otash-felspar.     The   specimens  consist  of  "grey  granulitic 
iotite-^neiss  "  (the  country-rock)  "  banded  with  white  foliated 
muscovite-pegmatite^  composed  of  large  plates  of  musoovite,  and 
sometimes  la^e  crystals  or  oligoclaso,  embedded  in  a  fine-grained 
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^ranufidc  aggregate  of  quartz  and  oUgodaae."  The  granulitiza-  ^« 

tion,  foliation,  and  banding  with  the  cotmtiy-roek  point  to  a  ^2^**^^^ 

oommon  metamorphism.    The  beha^our  of  the  mnaooyite,  ^ 

taken  in  connection  with  the  absence  of  potash-felspar,  confinOB 
this  view.  The  large  muscovite  plates  and  cry«?tals  are  more 
conspicuous  where  the  matrix  is  completely  Ki'^iiiiilitised,  or  where 
there  is  evidence  of  the  complete  brojikmg  down  of  crystalline 
groups  of  quartz  and  felspar.  In  some  cases  idiomorphic 
crystals  of  mnsooyite  up  to  2  inches  in  diameter  have  been 
developed  across  the  foliation  planes,  and  surrounded  by  the 
granulitic  matrix.  It  is  evident  that  such  muscovites  have  not 
suffered  from  flvTiamo-Tiiff  ;t  morphisTii.theyare  probihly secondary, 
and  d^Tived  in  gre^it  ]>.irt  from  the  (lestmction  of  po ta si j -felspar 
broken  down  in  t)ie  movement  wliich  preceded  grannlitisation. 
it  may  therefore  be  inferred  tliat  the  pegmatites  are  older  than 
the  C&irngorm  granite,  and  that  a  tbermo-metamorphism  has 
succeeded  the  shearing  movement  and  affected  alike  die 
pegmatites  and  gianulitic  gneisses  of  the  district. 

In  the  Sumrrmi^y  of  Progress  for  1898  it  was  mentioned  that 
the  Clais  na  Fhearna  fault — which  is  the  great  fault  of  Glo^ 
^  Tilt,  Loch  Tay,  and  Glen  Ample — affects  the  Caimgomi  granite 
in  Glen  Lui.  It  is  not  sujwfested  that  the  intrusion  of  the 
granite  was  prior  to  the  great  faulting  movement,  but  that  some 
movement  along  this  line  of  dislocation  has  certainly  taken 
place  since  the  intrusion.  A  small  area  at  the  head  of  Glen 
Gaim,  surveyed  this  year»  has  yielded  additional  evidence  of  the 
fact  that  part  of  the  movement  lias  affected  the  !:janito  mass. 
A  precipitous  gash,  one  thousand  feet  deep,  wliich  separates 
Crea^  na  Dala  Bigc  from  (^reag  na  Dala  Mhor,  niarks  the 
position  of  this  line  of  disruption.  Creag  na  Dala  Mhor,  the 
north-western  side  of  the  &ult  feature,  is  a  spur  of  the  granite 
massif  of  the  Cairngorm  mountains.  At  the  mouth  of  this 
great  natuial  trench,  where  it  opens  out  into  Glen  Gaim,  small 
exposures  of  granite  are  observ^  on  the  south-eastern  side  of  the 
fjiidt,  and  these  show  some  signs  of  the  crushing  and  veining 
common  to  the  metaniorphic  rocks  of  the  neighbourhood. 

In  the  granite  niountjtins  to  the  westward,  also,  zones  of  minor 
crush- veins  may  sometimes  be  traced  for  miles,  usually  making 
well-marked  features.  As  an  instance,  a  sone  containms^  many 
well-defined  veins  of  this  nature  passes  firom  the  western  flank  of 
Beinn  Bhrotain,  north-eastward  through  Glen  Geusfichan,  west 
of  the  Devil's  Point,  throu^^di  Glen  Dee,  and  breaks  into  many 
minor  zones  about  the  suTninit  of  lieinn  Maedhui. 

No  single  crnsh-vt'in  can  be  traced  for  any  <Treat  distance,  but 
the  zone  in  which  these  veins  have  been  (leveloped  is  well- 
defined.  Such  zones  run  parallel  to  the  Clais  na  Fneania  fault, 
and  probably  represent  mmor  movements  of  approximately  the 
same      and  type. 

Perthshire. 

With  a  view  to  obtain  more  licfht  on  the  structure  of  the 
central  Highlands,  the  band  of  schistic  known  to  the  surveyors 
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Mr.  as  the  "  Green  beds  **  has  been  picked  out  and  traced  across  the 

Cmmim^MTi  region.   This  revision  was  carried  last  year  by  Mk.  Cukninoham 
Craig  over  the  ground  on  either  side  ot  the  Tay  below  Aberfeldy. 

It  has  helped  to  clear  up  some  points  in  the  tectonic  arrange- 
ment of  the  rocks,  and  has  thrown  fresh  light  upon  their 
metamorphisin.  Tlie  outcrop  of  these  injcon  hods  was  followed 
from  Pitlochry  sou tli westward  to  Dull,  whero  it  descends  to  the 
alluvium  of  the  Tay  valley.  Folded  outliers  and  inliers  as  well  as 
repetitions  of  the  bands  duo  to  faults  across  the  strike 
ot  the  folds,  affoid  evidence  of  great  value  in  elucidating 
the  structure.  This  ground  lies  to  the  southeastward  of  the 
great  central  axis  of  fading  of  the  Perthshire  and  Aberdeenshire 
Highlands,  so  that  only  a  part  of  one  side  of  the  "  fttcher  "  or  fan- 
structure  is  roprosentea,  the  oYcrfolds  being  towards  the  south- 
cast  or  south -southeast.  The  liexuring,  tliouf^h  sharp,  caunot  ho 
described  as  isoclinal  in  the  strictest  sense,  since  the  different 
limbs  of  the  folds  can  usually  be  distinguished  bv  their  angle  of 
dip.  Nor  are  the  folds  of  any  great  "amplitude,  i,e.,  the  limba 
otthe  folds  are  noVrhere  very  long.  The  result  is,  that  though 
the  foldiuf^  is  not  on  a  large  enough  scale  to  cause  repetitions  of 
the  whole  outcrop  of "  Green  bed^,"'  where  imaided  oy  faulting, 
individual  beds  are  repeated,  and  the  outcrop  is  thus  considerably 
broadened. 

Another  remarkable  characteristic  of  the  folds  is  that  they  are 
unsymmetrical,  and  consist  of  a  longer  limb  the  dip  of  which  as 
a  rule  varies  only  a  few  degrees  on  either  side  of  the  horizontal, 
and  a  shorter  limb  inclined  at  a  higher  angle  towards  the  north- 

west. 

It  is  the  development  of  the  t^ently-inclined  or  larger  limhs 
which  gives  to  the  area  north  of  the  Tay  in  which  the  "Green 
beds"  occur  the  appearance  of  a  tlat  stej)-feature  lying  to  the  south 
of  the  higher  and  more  rugged  line  of  hills  formed  oi  rocks  h^her 
in  the  succession,  where  the  axes  of  the  folds  are  more  highly  in- 
clined. The  same  flat  structure  in  the  more  uneven  ground  south  of 
Aberfeldy  gives  a  more  complicated  outcrop  of  the  "  Green  beds." 
There  are  complications  in  the  structure  m  this  sjonthcm  area 
which  will  h(^  described  more  fully  when  the  ground  has  been 
completely  mapped. 

Dynamic  nietamorphism  in  the  stretching  iuid  shearing  of 
matezial  has  had  greater  effect  in  the  longer  limbs  of  the  folds 
than  in  the  shorter  limbs.  It  seeras  that  this  is  due  to  the 
position  of  the  lom^,  flat-lying  limbs  being  more  favourable  to 
movement  under  lateral  thrust.  Subsequent  or  contemporary 
thermo-metamorphism  has  affected  otifh  differently,  accora- 
ing  to  the  different  stages  of  dynamic  mcUunorphism ;  the  more 
a  bed  has  suffered  from  the  latter,  the  more  susceptible  it  becomes 
to  change  under  the  forhier.  In  consequence,  it  is  found  that  a 
bed  where  it  is  ex  [  sod  in  the  longer  umb  of  a  fold,  presents  a 
different  aspect  from  that  where  it  is  exposed  in  the  shorter 
limb.  These  considerations  are  insisted  Upon,  because  their 
effect  to  enhance  the  diflSculty  in  mnny  Irralitioa  of  dis^ 
Uu^^hing  between  "Green  beds'  and  epidioritei>  in  the  tield. 
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The  "  Green  beds "  in  the  area  north  of  the  T&y  are  re-  Mr. 

presented  by  fine  homblendic  schists,  usually  containinp;  small  Cuiiningh»in 
wine-coloured  garnets.  The  foliation  is  well  nuirked  throii^diout,  '*^* 
and  is  occasionally  emphasised  by  the  development  of  ]>iotite  on 
the  planes  q(  schistosity.  The  rocks  have  not  the  appearance  ot" 
irr^ularly  sheared  material,  the  schistositv  is  constant  through- 
out, and  each  bed  breaks  more  readily  along  joint-planes 
than  along  the  folktion-planes.  Quartz  is  sometimes  observed 
to  be  present,  but  no  traces  ol  original  grittv  structuru.^  are  to 
bo  seen.  The  appearance  upon  a  frt  sh  cro'^s-tVacture  is  that  of'a 
mesh  of  minute  homblondf*  crystals  orientated  in  the  planus  of 
foliation.  Microscopic  oxauiinatioii.  except  of  crushed  and  pow- 
dered material,  lias  iiol  yet  been  made. 

In  many  localities,  confiision  is  liable  to  arise  between  the 
epidiorites  and  the  "Green  l^eds"  of  this  area.  As  a  rule,  the 
epidiorites  are  readily  distinguishable  by  their  coarse  crystals 
and  "eyes"  of  hornblende,  and  characteristic  mode  of  weiithering; 
but  where  onlv  the  marmn  of  a  sill  or  onlv  the  lono^or  Hinb  of  a 
fold  is  exposed,  the  rock  occuis  as  a  rine,  well-toliated,  liorn- 
blende-schist,  which  closely  approaches  the  Green  beds  '  in 
appearance.  This  is  more  particularly  the  case  in  small  sills  of 
fine-grained  epidiorites,  such  as  are  to  be  seen  both  to  the  north 
and  south  of  the  main  cpidiorite  outcrop,  but  many  of  these  may 
be  merely  repetitions  by  folding  of  the  margin  of  a  larger  sill. 
It  is  where  faulting  and  folding  have  rednplicatod  such  sills  and 
brought  them  into  the  same  line  of  strike  with  the  "  Green  beds," 
in  an  area  in  great  part  concealed  by  drill,  that  the  greatest 
difficulty  of  distinguisLing  these  rocks  Is  experienced. 

The  difficulty  has  been  ovoicome  by  observation  of  the  fol- 
lowing characteristics.  The  epidiorites  have  a  less  regular 
foliation  than  the  "Green  beds,"  frequently  shoAving  zones  of 
alternately  more  and  less  schistose  aspect,  while  on  a  cross- 
fracture  much  drawn-out  "eyes"  of  linrnhlcndo  are  occasionally 
seen.  On  a  fresh  cross-fracture  tlu  •  )  Miioriic  sills  usually  show 
a  ^eater  lustre  than  the  "  (ireen  beds,  while,  when  crushed  for 
microscopic  examination,  it  is  seen  that  the  hornblende  is  of  a 
darker  colour  than  that  of  the  originally  sedimentary  rock. 
Biotite  occurs  less  frequently  and  more  sporadically  than  in  the 
"Green  beds:"  quartz  has  not  been  observed;  carbonates, 
possibly  derived  by  scronflarv  chancre  from  saussuritised  felspar, 
are  sometimes  present,  while  garin  N  are  very  seldom  seen.  The 
characters  of  the  associated  rocks  and  the  fact  that  the  epidi- 
orites occupy  a  higher  horizon  in  the  succession,  have  also 
proved  of  assistance  in  the  distinction  of  these  ^lls  from  the 
«  Green  Beds." 

A  sufficient  area  south  of  the  Tay  has  now  been  examined  to 
prove  that  a  considerable  decrease  in  metiimorphism  takes  place 
in  that  direction.  The  "  Green  IxkIs  "  at^V.nl  a  good  instance  of 
this  diminvition,  but  the  evidence  from  them  is  not  more  striking 
than  that  from  the  other  rocks  of  the  district.  North  of  the 
Tay  no  traces  of  original  nebbles  in  the  rocks  which  were  once 
grits  have  been  owervea,  except  in  a  few  rare  instances. 
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m.  In  the  ma  to  the  south  origipal  gritty  structures  begin  to 

CwmninghMP  appear,  and  becomo!  more  conspimons  as  the  beds  are  traced 
south wartl.  At  the  siune  time,  ganiets  are  seen  to  decrease  in 
size  and  number,  ami  tinally  to  disappear  from  inanv  of  the 
beds.  When  the  ground  has  been  more  fully  surveyed  this 
decrease  in  metamorphism  will  be  described  in  greater  detaiL 

During  the  mapping  of  the  ''Green  beds,"  all  necessary 
revision  in  the  loi-alities  examined  was  undertaken.  In  the 
course  of  this  revision  another  interesting  e:sample  of  an  add 
igneon<  mek  intruded  before  the  shetirini,'' and  <:rrann]itisation, 
has  been  disclosed.  This  roek  is  exposed  on  the  ridge  dividing 
the  valleys  of  the  Tay  and  Tuniuiel,  about  two  miles  S.S.K.  of 
Pitlochry.  Its  outcrop  is  irregular,  but  attains  a  length  of  up- 
wards of  half  a  mile,  and  can  be  traced  as  far  as  the  drift  and 
fluyio-glacial  gravels  of  the  Tummel  valley.  It  appe^vrs  to  have 
the  form  of  an  irregular  sHI,  intruded  more  or  less  jtlong  the 
bedding-planes  of  ilic  surrounding  rocks.  Introduced  subse- 
qnently  to  the  foldinLT,  fbi?^  iirncons  mass  has  snffered  from  the 
shearing  movement  which  appears  to  have  Ixu  n  in  this  locality 
the  laC^  phase  of  the  dynamic  metamorphism.  The  Director- 
General,  who  visited  this  looalitjr  in  October,  pointed  out  that 
on  the  crests  of  folds  the  foliation  due  to  this  later  shearing 
movement  could  be  distinguished  from  the  ei\rly  foliation  pro- 
duced during  the  folding.  Tn  the  limbs  of  the  folds  these 
foliations  eonu  idc.  Ths  foliation  is  roon  to  pass  from  the 
surrounding^  l  ists,  into  and  through  the  igneous  rock,  proving 
that  it  is  a  caiat  lastic  structure. 

The  main  mass  of  this  intrusion  consists  of  a  granulitic  inus- 
covite  gneiss,  composed  of  a  fine-grained  nanulitic  aggregate  of 
felspar  (not  determined)  and  quartz,  with  flakes  of  muscovite 
(probably  in  great  part  of  secondary  origin),  orientated  in  the 
planes  of  foliation.  Microsfopic  examination  of  the  rock  has 
not  yet  been  made.  Nests  and  veins  of  more  coarsely  crystalline 
material  are  fretpient,  and.  es])ecially  near  the  margins  of  the 
mass,  sometimes  attain  the  dimensions  of  regidar  pegmatite 
veins.  In  these  the  crystallisation  is  very  irregular  and  confused, 
and  the  foliation  is  by  no  means  so  apparant,  being  sometimes 
indistinguishable.  Small  (piaitz- veins  occur  here  and  there  in 
the  main  mass  of  the  intrusion.  Pegmatite  veins  are  numerous 
just  ontside  the  main  mns^;  small  crystals  of  tourmaline  have 
sometimes  been  observed  in  them.  A  few  small  veins  of  a 
similar  nature,  seldom  exceeding  a  foot  in  thi(ikness,  have  been 
noticed  at  wide  intervals  to  a  distance  of  two  and  a  half  miles 
to  the  westward  and  south-westward. 

The  efiects  of  any  ojetamoi^phism  due  to  this  igneous  intrusion 
cannot  be  distingiushed.  It  is  evident  that,  as  in  the  case  of  the 
Glen  Bee  pegmatites  desrri])ed  aV)ove.  both  the  igneous  and 
the  surrounding  mctaraorphic  rorks  liave  been  metamorphosed 
since  the  intrusion.  In  tliis  case,  however,  granulitisation  has 
proceeded  further,  for  all  traces  of  broken  crj'stals  or  flaser 
structures  have  been  obliterated.  The  rocks  of  the  district 
have  aU  developed  garnets  during  thermo-metamorphism.  wUch 
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seem  rather  to  decrease  in  number  and  size  as  the  igneous  Ifr. 
rock  and  its  pegmatiteB  toe  approached.    The  garnets  haye  ^jj^'V^"* 
ciystallised  since  all  shearing  moYoment  ceased,  and  are  con- 
sequently  of  later  age  than  the  intrusion. 

Dumbartonshire  and  Stirlingshire. 

T]m  mapping  of  the  Aberfoyle  slatc-baudii  iu  the  neighbotir- 
ho<jii  of  Garelochhead  has  lM'<'n  f^ompleted  by  Mr.  Cunningham 
Ckaig,  and  an  examination  ot  cerUtin  other  portions  of  Sheet  38 
of  the  one-inch  map  has  been  made.  A  senes  of  specimens  for 
microscopic  examination,  collected  from  rocks  on  the  western 
shore  of  Xoch  Lomond,  from  Luss  to  Ardlui,  has  Hkewise  been 
taken  as  nearly  as  possible  from  the  Siime  horizon  in  the  Beinn 
Lcdi  grits,  between  the  AlK^HV>ylc  slates  and  the  "  Green  beds." 
This  series  has  been  exaniiaed  nucroscupi(  ally  by  Mr.  Teall, 
who  find.s  that  the  rocks  show  a  well-dutiued  progressive 
metamorphism  from  a  slightly  schistose  grit  or  arkose  near  Luss 
to  a  highly  crystalline  albito-gneiss  near  Ardlui.  The  increase  of 
both  dynamo-  and  thermo-mot^iinorphism  can  be  distinguished^ 
and  will  be  described  in  detail  in  the  Sheet  Memoir. 

The  existence  of  "  Green  beds "  near  Ardhii  has  also  been 
estaV)li5;]ird  by  tield-<jvidcnce  and  niicrosfopic  examination. 
Thest^  rocks  have  here  attained  a  very  much  higher  stJite  of 
alteration  than  those  on  the  same  horizon  in  other  parts  of  the 
district  embraced  in  Sheet  38;  the^  are  represented  by  dark 
green  hornblende  •schists,  containmg  occasionally  "kernels,*' 
consisting  of  chlorite  surrounded  by  clear  zones  of  quartz  and 
albite.  Intercalated  bands  of  what  were  once  gritty  laminie 
containing  loss  of  the  green  material,  exist  as  quartz-rpidote 
schist,  with  hornblende  and  felspar,  or  as  albite  gneiss  with  some 
chlorite  and  hornblende. 

A  small  mass  uf  plutonic  igneous  rock  north  of  Inversnaid 
hasbecm  examined.  It  proves  to  be  a  hyperite,  consisting  of 
large  porphyritic  crjrstals  of  augite  and  hypersthene  in  a  holo- 
ciystallme  matrix  composed  of  bladed  plagioclase  crystals, 
hornblende,  augite,  and  biotitc,  with  iron-ores  as  accessories,  and 
occasionally  interstitial  micropegmatite. 

Invernbss-shire. 

With  the  exception  of  certain  small  patches  near  Daviot,  the  Kr.  Hohm. 
area  surveyed  by  MR.  Horne  during  1900,  forms  a  belt  extending 
from  Farr  and  Tordarroch  in  Strath  N  lirn,  eastwards  by  Ben 
Nan  Cailleach  and  the  Black  Water  to  the  neighbourhood  of 
Toniatin.  Within  this  area,  the  crystalline  schists  belonLT  to  two 
well-defined  groups :  (1)  Mu.scovite-biotite  gneiss  ;  (2)  Grauu- 
litic  quartzose  gneiss  and  flaggy  quartz-biotite  granulites.  The 
members  of  the  former  group  are  typically  developed  in  Upper 
Strathnaim,  where  they  gi^e  rise  to  nmgh  craggy  billB  between 
Farr  House  and  Wester  Lairgs,  on  the  east  side  of  the  Nairn ; 
and  between  Tordarroch  and  Loch  Dnntclchaig  on  the  west. 
The  dominant  type  is  a  coarsely -banded  flaky  gneiss,  i?^  v.hirh 
large  plates  of  biotite  aiid  mi^ovite  appear,  rogether  with 
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Mr.  Home,  parallel  folia  ofcpiartz  aud  felspar.  This  type  is  usually  crameti- 
lerous  and  utUu  highly  corrugated.  SrnuU  veins  and  kuots  of 
musoovite-pe^iiattte  nequenuy  occur.  Again,  the  quartzo- 
felspathic  loka  and  pegmatites  sometimes  aisapnear,  and  the 
lock  merges  into  a  naggy  biotitc-schist.  Lent  d  s  ofgameti- 
ferous  amphiboHto  are  an  occ^asional  feature  of  this  group.  A 
traverse  from  Tordarroch  in  the  valley  of  tlie  Nairn  west  to  Loch 
Buntelchaig  furiiislios  good  opportunilies  lor  studying  the 
characters  of  this  gneiss. 

The  boundary  between  the  muscovito  biotite-gaeiss  (I)  and 
the  qiiartzose  flag^-  gneiss  (2)  is  well  defined  alon^f  the  eastern 
margin,  on  the  hills  between  Farr  and  Wester  Lairgs,  where  it 
forms  a  highly  sinuous  lina  The  two  groups  have  been  affected 
by  a  system  of  inoscnlatinpf  f(»lds,  so  that  long  tonjnies  of  the 
one  appear  in  the  ot  her.  Similar  e  vidence  of  reduplication  by 
folding  is  found  on  the  west  side,  uu  the  hills  iit)rth-C4ist  of  Loch 
Duntelchaig,  where  a  narrow  strip  of  quartzose  liagstoncs  inter- 
Tenes  between  the  margin  of  the  Olcl  Red  Sandstone  and  the 
musoovite-biotite-gneiBS.  Eastwards  towards  Tomatin,  the 
characters  of  the  ouartzose  biotite-granulites  are  remarkably 
uniform.  On  Ben  Nan  Cailleach,  however,  near  the  watetshed 
between  the  Nairn  and  the  Findhom,  they  become  highly 
quartzose,  and  weailier  with  a  creamy  white  tint,  presenting 
tnere  the  appearance  of  granulitic  quartz-sehisUs. 

The  southern  portion  of  the  Mo\'  granite  mass  has  not  yet 
been  mapped,  and  the  description  of  the  small  area  on  the  west 
side,  surveyed  during  1000,  is  meanwhile  postponed.  But  close 
to  the  granite  boundary,  and  within  a  distance  of  two  miles 
from  it  dykes  of  microgmnitc,  pnrnliyrite  and  laTnproph\TO 
have  been  traced,  which  are  probably  the  apophyses  of  that 
plutonic  mass. 

Mr.  Grant  Mr.  J.  S.  Grant  Wil-son  contirnied  last  year  his  mapping 
of  the  ^ound  to  the  north  of  Ben  Xevis.  Reference  has  been 
made  m  former  Summariea  of  ProgreM  to  certain  dark-grey 
flaggy  mica-schists,  and  silveiy-grey  phyllites,  and  garnetiferous 
mica-schists  displayed  in  the  gorge  oi  the  River  Spean.*  These 
rocks  have  now  been  mapped  south-we«twards  up  to  the  edge 
of  the  Bon  Nevis  cfranite.  As  they  approach  the  granite,  they 
gradually  pix*i.s  intu  dark-grey  biotitc-schists,  and  near  the  eon- 
tact  with  tne  igneous  mass  Become  biotite-homfels  rocks.  This 
aureole  of  progressive  metamorphism  varies  from  a  quarter  of  a 
mile  to  a  mile  and  a  half  in  breadth.  The  schists  are  traversed  by  a 
large  number  of  dykes,  the  r  m  ks  composing  which  vary  m 
typo  from  plutonic  through  liypabyssal  to  volcanic  rocks. 
Several  broad  efraTtiro  dvkes  mav  ho  noticed  at  the  foot  of  the 
Corrie  Kois.  That  the  granite  is  the  oldest  intrusion  is  shown 
by  the  fact  that  one  of  these  dykes  is  intersected  by  a 
camptonite  dyke  with  chilled  eoges,  while  to  the  south 
of  tne  Sgor    Pheanais   both  lamfirophyre  and  porphyrite 


*  Summary  qfJhrogrm  for  1896,  n.  45 ;  aad  Summary  of  Prognti  for 
1886^  ^  41. 
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dykes  traverse  the  granite.  In  tho  valley  to  the  south  of  Mr.  Gruii  •  ► 
Cforriecoillc  several  altered  diorite  dykes  are  cut  by  lanipropliyres.  WUaon. 
The  network  of  dykes  in  the  schist  oil'  the  Corrie  Iluis  and 
Corrie  Eo'm  presents  three  distinct  types,  the  oldest  of  which 
is  red  and  pinkish  porphyrite.  The  oykes  of  this  material  are 
generally  ot  consideraEIe  size,  one  measuring  45  feet  in  breadth. 
They  have  a  general  trend  of  N.  30-45  E.,  and  have  been  traced 
in  some  cases  for  2,500  yards.  They  have  been  determined  by 
Mr.  Teall  to  be  homblende-biotite-porphyrites.  They  vary 
from  a  inediuui  to  a  coarse  grain.  Dykes  oi  lamprophvre  running 
more  liearly  E.  antl  W.,  cut  these  porphyrites,  and  arc  not  so 
broad  as  the  latter.  Tliey  are,  in  general,  tine-grained  and 
possess  chilled  edges.  They  may  be  classed  as  dioritic  lampro- 
phyres,*  though,  in  many  cases,  they  have  been  identified  as 
camptouites.  At  Tomnafet,  Corrie  Rois,  Lianaolian,  tlie  valley 
of  the  Cour  below  Coireeoille  and  at  An  (iurean,  both 
the  porphyrites  and  lampropliyns  are  traversed  by  grey- 
black  hornblendo-andesito  dykes,  siuiilar  to  the  hornblende- 
andesite  rocks  described  by  Mb.  TEALLf  from  the  summit  of 
BenKeyis. 

The  line  bounding  the  Ben  Nevis  granite  has  been  mapped 
from  the  River  Lundv  to  the  top  of  the  Aonach  an  Nid. 
It  is  remarkably  irregular,  the  granite  s«  !u]ing  numerous  long 
apophyses  into  the  surrounding  biotile-schist,  and  including 
numerous  fragments  of  schist,  which  decrease  in  nuni])er  ana 
size  with  distance  from  the  margin.  A  mass  of  granite,  about 
one  square  mile  in  extent,  not  previously  observed,  has  been 
mapped  between  the  Coire  an  Rois  and  the  foils  of  the  Cour,  at  a 
distance  of  three-quarters  of  a  mile  to  the  east  of  the  Ben  Nevis 
"  ma.ssif and  separated  frnin  it  b}'  a  bt.lt  of  bi(>tite-s<  ]ilst.  T\\o 
mass  is  darker  in  enlour  than  the  roek  ot  Hen  Nevis  and  may 
be  classed  either  as  a  hornblende-biotitc-granite  or  a  quartz- 
diorite. 

Reference  may  be  most  conveniently  made  here  to  the  resump- 
tion by  Mr.  Grant  Wilson  of  the  mappin^^  done  by  him  during 
1899  on  the  Moor  of  Raiinuch.    Last  year  he  extended  the  work 

to  the  south-west  of  the  TuUa  W^ater.    His  survey  in  conjunction 

with  th:it  bv  Mu.  Kynastox  on  the  west  side  of  Loch  Laidon 
has  proved  that  tlie  crranite  of  lien  Cruachan  is  continuous 
with  that  of  the  Moor  of  Kannoch. 

Argtllshire. 

The  mapping  of  the  Dal  radian  area,  between  Glen  Orchy  and  Mr.  Kjnw- 
Glen  Shira,  was  continued  by  Mr.  Kynaston  from  Dalraally,  *^ 
and  the  unfinished  ground  near  the  head  of  Glen  Shit  a  was 
completed  from  Inveraniy.    The  remaining  portion  of  tho  area 
to  tne  north  of  Glen  Shira  was  also  completed  from  Dalmally 
before  the  close  of  Held-work.   The  ground  surveyed  consists 

*  Summary  of  ProgreM  for  188d,  p.  41. 
t  British  Petrography,  p.  287. 
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Mr.  KjBW-  entirely  of  rocks  bcloiipn<i[  to  the  ealeareuus  '^erieite  division  of 
the  Dalradiaii  schiists,  togetlior  with  oocasioiiiii  .small  sills  ot 
homblende-schist,  and  afloids  no  fresh  &ct8  of  any  importance 
beyond  those  already  described  in  former  reports.  (See  Sum- 
mary of  Prog-reatt  for  1899,  p.  43.) 

At  Kil(!hrenan  M  u.  Kyxaston  was  engaged  in  endeavouring  to 
define  the  limits  of  tho  L<»<  h  Awe  grits  and  quartzites.  Tnis 
was  done  as  far  as  j)os.sil)lo;  but  in  many  aises  it  was  fomid 
onit«  impracticable  Lo  diuvv  any  liard-and-ftust  geoloL^aual  boun- 
dary line  between  these  grits,  more  especially  in  their  finer- 
gruined  portion^  and  the  black  slates,  owine  to  repeated 
alternations  and  interfoldin^s  of  the  two  on  a  scfue  too  small  to 
be  represented  on  the  6-incn  maps.  Opportunity  was  taken  to 
rc-examinc  1^<'  \  anous  members  of  tlio  Loch  Awe  series  of  sedi- 
ments and  the  principal  igneous  rocks  of  the  district,  both  later 
and  earlier  than  the  foliation.  The  results  of  these  observa- 
tions as  far  as  they  concern  the  Dalradian  schists  wiU  be  here 
given. 

The  BovJder  Bed, — ^An  excellent  exposure  of  this  important 
stratlgraphical  horizon  in  the  Dalradian  series  forms  a  n  ig-like 
feature  capping  a  grass  slope  a  mile  and  a  half  W.S.W.  from 

Kiklirenan  Tilhii^e.  In  the  burn  at  the  foot  of  the  slope  V'l.u  k 
slates  are  exposed,  but  the  bonlders  in  the  bouldfr-bed  appear  to 
consist  almost  entirely  of  quart zite,  and  sometimes  measure  at 
least  2  feel  in  diameter.  They  are  weU  rounded,  as  if  water- 
worn,  and  comprise  rocks  of  various  textures ;  occasionally,  also, 
a  fragment  of  limestone  may  be  observed.  No  i«ieous  pebbles 
have  recently  been  noticed  hero;  but  in  1898  Mr.  Kynaston  found 
a  pebble,  which  on  examination  proved  to  be  a  fine-grained  acid 
igneous  rock,  consisting  almost  entirely  of  f.Tanopnyric  quartz 
and  felspar.  The  matrix  nf  the  l  -<  d  consists  m  the  lower  portion 
of  black  slate,  which  shows  in  parts  a  well-marked  banning  or 
lamination,  running  obliquely  to  the  cleavage.  Towards  the  upper 
portion  of  the  exposure  this  matrix  becomes  gradually  quartzosa 
The  presence  in  the  bed  of  truly  igneoiis  pebbles,  unlike  anj 
rock  lEnown  in  the  immediate  neighbourhood,  indicates  that  this 
bed  is  not  duo  to  disruption  in  s'lfif,  but  was  a  true  conglomerate 
bt'fore  any  uiovcnu  nt  such  as  shearmg  or  crushing  took  place. 
From  another  e.s[>osure  of  the  boulder-l>ed  a  little  farther  to 
the  north-east,  in  the  same  line  of  strike,  Mr.  Kynaston,  in 
oompany  with  Mr.  Hill,  coUected  two  or  three  pebbles  of  a 
rock  strongly  resembling  a  medium-grained  grey  granite.  A 
similar  boulcler-bed,  (  X  posed  on  the  shore  of  Loch  Awe,  just 
below  tlie  Free  Church  Mansp.  Kilc  hrenan,  presents  a  qnartzose 
matrix,  and  contains  niniHM-ons  frnu^ments  of  limestone  and  black 
slate.  Besides  these,  two  or  three  small  fra j^-n lents  of  a  pale 
greeiiish-gioy  puiphyritic  igneouh  rock  were  noticed. 

A  peculiar  calcareous  conglomerate,  exposed  2  miles  to  the 
south  of  Portsonachan,  and  mapped  some  years  ago  by  Mb. 
Hill,  was  re-examined.  The  matrix  is  schistose  and  highly 
calcareous,  the  planes  of  schistosity  being  vertical  or  nearly  so. 
The  pebbles  are  not  abundant  and  are  usually  of  sma]! 
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size,  and  appear  to  he  rcstrii  it-d  to  a  cortain  zone  or  zones.  Mr.  ^bm- 
Thev  consist  of  Itard  tine-grained  qiiartzitc.  wrH  rr>nndcd,  and  ton, 
also  some  peculiar,  elongated  and  fiattenod,  whitish,  telsite-like, 
fragments.  Small  fragmenUi  ol  pink  felspar  and  grains  ut  quartz 
may  also  be  observed.  A  greenish  highly  vesiciuar  rock  occurs 
apparently  as  a  thin  baim  in  this  conglomerate,  and  a  few 
ficagments  of  a  similar  rock  were  also  found  sio  roimded  by  the 
calcareous  matrix.  It  is  probable  that  this  band  was  folded  m 
with  the  conglomerate  and  was  fractured  dnrinjx  the  attendant 
movements,  so  that  very  possibly  wo  have  here  a  case  analogous 
to  the  "cmsh-eongloniorate  "  described  by  Mr.  Hill  from  near 
Inverliever,  and  possibly  also  on  the  same  horizon.  The  quartzite 
and  felsite-like  nebbles,  however,  are  undoubtedly  originaL  In 
some  respects  the  exposure  has  somewhat  the  appeaiaaoe  of  a 
calcareous  tuff. 

Two  of  the  quartzite  boulders  from  the  Boulder-Bed  when 
exaraiiifd  in  thin  slices  nnd»  r  the  nneroscope  [9059  and  90G0] 
were  found  by  Mu.  Kynastun  to  consist  tnamly  of  quart 5^- 
grains,  mostly  well  rounded,  with  a  few  turbid  grains  of  both 
striped  and  unstriped  felspar  enclosed  in  a  fine-grained  usually 

Suartzose  matrix,  sometimes  exceedingly  turbid,  possibly  from 
ecomposed  felspar.  Some  chlorite  is  also  occasionally  present. 
Small  zircons  are  sometimes  seen  in  the  quartz  grains  [9059]. 
The  quartz  often  shows  strain-shadows,  but  thore  is  searcely  any 
appearance  of  schistose  striK  tnre  in  the  inarrix.  On  the  other 
hand,  the  matrix  of  the  boulcier-bed  itself  is  markedly  foliated, 
and  is  sometimes  seen  [9060]  to  have  been  forced  between  the 
quartz-grains  lying  at  the  outer  ed^  of  a  boulder,  though  as  a 
rule  the  margin  of  each  botdder  is  well  defined  under  the 
microscope* 

If  an  average  quartzite-boulder  be  compared  with  tlie 
schistose  grit,  or  (jnrn  tz-schist,  which  is  found  close  to  and 
apparently  above  (lie  l)oulder-bed  to  the  S.W.  of  KiJchrenan, 
they  will  be  observed  to  present  on  the  whole  a  similar  compo- 
sition, but  to  show  a  marked  difference  in  the  structure. 
Whereas  there  is  little,  if  any,  schistosity  in  the  boulders 
examined,  the  section  of  the  "  Loch  Awe  grit "  [9061]  ^ows 
much  stronger  strain-shadows  in  the  quartz  giahiS'  ^.  Q^^toix  oS 
clear,  finely-granulitic  quartz,  and  partial  p^rannlitisation  of  some 
of  the  quartz  grains,  which  act  as  "  eves  "  in  the  finer  material, 
as  it  appears  to  sweep  roimd  them.  The  rock  also  contains  two 
felspars,  and  what  appear  to  represent  small  drawn-out  frag- 
ments of  black  slate.  It  is  not  surprising  that  the  harder 
boulders  should  have  to  a  m-eat  extent  escaped  the  effect  of  the 
dynamic  forces.  Under  tlio  influence  of  pressure  they  would 
naturally  be  more  resisting  than  the  soft)  r  matrix,  which  would 
tend  to  be  squeezed  round  them.  Thr  Itoulflor  bed,  in  short> 
presents  an  " nnjx^'n-stmctnre "  on  a  giLranlii'  scale. 

A  porpliyritic  igneous  pebble  from  the  exposure  of  the  boulder- 
bed  on  tno  shore  below  the  Free  Church  Manse,  Kilchrenan,  shows 
[9058]  phenourysts  of  alkali-felspar  in  a  pale  brownish,  finely- 
foliated  matrix.  The  felspars  are  turbid  from  alteration,  but  often 
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Mr.  KjriiM* .  haTe  good  outlines,  and  show  Carlsbad  twinning.  They  are  often 
more  or  less  tabular  in  form,  find  tend  to  lie  diagonally  with 
regard  to  the  plane.s  of  foliation.  Partially  surrounding  the 
plienoervsts  is  seen  a  finelv  granular  mosaic,  clearer  than  the 
rest  of  tlic  ground  mass,  and  this  together  with  the  felspar-crystal 
fonns  well-marked  "  eyes."  Oocasionally  the  felspars  show  cross- 
£ractiiring.  Some  ovoid  patches  of  |;ranular  quartz  are  also 
seen,  which  may  possibly  represent  origmal  vesicles.  The  ground 
mass  is  strongly  foliated,  exceedingly  tine  grained,  and  has  a  some- 
what general  tibrous  appearance,  owing  a})parontlv  to  the  develop- 
ment of  minute  Hakes  of  biotite  along  the  foliation  planes.  The 
rock  was  evidently  originally  a  felsite. 

The  granitic  pehbles  from  the  boulder  bed,  referred  to  above, 
are  seen  under  the  microscope  to  consist  mainly  of  a  somewhat 
coarse  type  of  micro  pegmatite  with  some  plagioclase,  and  some 
interstitial  chloritic  alteration  products  [9286]. 

The  pale  felsite-like  fragments  from  the  calcareous  pebble- 
bed,  2  miles  S.  of  rortsonachan,  are  seen  imder  the  microscope 
[905  ]  to  be  schistose  felsitcs,  which,  previously  to  their  foliation, 
probably  had  a  vejry  compact  and  tiinty  texture.  They  show 
small  ^spar  phenocrysts,  which  nrohably  uadude  ordiochue,  in  a 
finely-felsitic  and  somewhat  banded  matrix,  which  presents  a  few 
small  quartz-grains,  and  is  fiillof  irregular  opaque  specks.  Some 
bands  show  a  finely  granular  quartz  mosaic,  and  small  colourless 
and  pale  groon  needles.  Tlie  bands  are  divided  by  cracks,  filled 
with  an  opaque  material.  Flow  structure  was  probably  originally 
present.  It  cannot  bo  stated  for  certain  that  this  pebble-bed  is 
on  the  same  horizon  as  the  boulder  bed  at  Eilchrenan.  Any- 
how, it  is  interesting  to  find  igneous  and  forei^  pebbles  in  botn. 
The  fragments  of  vesicular  rock  occurring  in  the  calcareous 
conglomerate  can  scarcely  be  described  £istrue  pebbles,  since  they 
were  probal»ly  derived,  as  above  stated,  from  an  adjacent  band  ol 
similar  rock,  Avhich  nuist  be  classed  with  the  epidiorites. 

The  following  observations  were  made  upon  the  so-called 
EjjidlorUea  of  the  neighbourhood  of  Kilchrenan  and  Portso- 
nachan.  The  examples  eliEunined  mav  be  divided  into  two 
fairly  distinct  classes,  thouflii  it  is  probable  that  intermediate 
types  also  occur  )  The  Dolerite  or  Diabase  type,  and  (2)  the 
Lavaform  type.  The  former  type  is  common  in  the  area  between 
the  main-road,  leading  from  Taycreggan  to  Glen  Xant,  and  the 
Pass  of  Inlander.  It  is  also  seen  on  the  o{)positc  side  of  Loch 
Awe  at  Bovuy,  near  Cladich.  It  occurs  in  large  intrusive  sill- 
like masses,  and  in  a  hand-specimen  shows  a  coarse  or  medium- 
grained  doleritic  stnictiure,  the  colour  varying  according  to  the 
proportion  of  ferro-niagncsian  constituents,  and  the  nature  and 
degree  of  the  alteration  which  the  rock  has  undeigone. 

A  good  example  of  this  type  occurs  in  a  largo  mas.s 
situated  thre(!-cjuarters  of  a  mile  X.X.W.  of  Pallimore 
and  within  bait  a  mile  of  the  Pass  of  Hrander.  The  rook 
is  decidedU'  coarse,  and  shows  clear  felspars  of  elonjgated 
columnar  habit,  imorientated  in  a  dark  matrix.  A  similar 
lock,  but  finer  grained,  occurs  a  quarter  of  a  mile  NJ!.  of 
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Ballimore.  Under  the  microscope  [9049,  9050]  the  plagiockse  Mr.  Kjdm- 
which  is  slightly  cloudy,  is  seen  to  bo  fiiequently  cracked  and  ^ 

broken,  acrompanied  nv  slig-lit  shiftin**  on  either  side  of  the 
fracture  ai^  sliown  by  fault  in^jf  ot'  the  twin  lamellte.  The  interstices 
between  the  felspars  are  tilled  almost  entirely  with  secondary 
minerals — ^greenish  hornblende,  chlorite,  a  pale  greenish  biotite, 
epidote,  leucoxeuo,  and  carbonates.  In  one  shde  smidl  patches 
€l  dear  mosaic  may  perhaps  represent  quartz  [9050].  Apa- 
tite is  accessory,  and  may  occur  in  relatively  large  ciystals  with 
an  elongated  columnar  habit  [9049].  In  the  coarser  and  freslior 
specimen  some  original  augite  appears  to  be  present  [904UJ, 
though  in  a  rather  broken -up  condition.  This  type  of 
*'  epidioritc "  was  doubtloRs  ori«jrinally  a  plagioclasc-augite  rock 
closely  allied  to  the  dolcrites  and  gabbros.  One  of  the  exposures 
ot "  epidiorite"  examined  (a  quarter  of  a  mile  S.W.  of  Bammore), 
shows  large  porphytitic  felspars,  measuring  sometimes  over 
2  inches  in  length. 

The  "  lavaform "  typo  of  "  epidioritc "  is  well  seen  to  the 
south  of  Portsonachan,  near  the  central  portion  of  a  larcre  mass 
with  a  breadth  of  about  four  miles,  and  a^ain  lo  \ho  south-west 
of  Kilchrenan.  Two  mileij  S.S.E.  of  Portsonaciian  a  dark,  almost 
black,  schistose  porphyritic  rock  presents  under  the  microscope 
[9052J  phenocrysts  of  plagiodase,  rather  tmrbid,  often  broken,  and 
oocasionaJly  showing  paitial  ^ranuHtisation.  The  phenoctysts 
have  a  strong  tendency  to  a  similar  orientation.  Some  grains  of 
green  fihroTis  hornblende  also  occur,  and  arnygdales  of  epidote, 
occasionally  containing  chlorite  in  afldition.  Tlio  grouna-mass 
is  well  foliated,  and  appears  to  consist  to  a  great  extent  of 
minute  lath-shaped  pWioclase,  though  it  is  a  good  deal 
obscured  by  secondary  products,  and  by  an  opaque  material  in  long 
streaks  and  strips,  probably  consisting  to  a  great  extent  of  dis- 
seminated  iron-ore.  There  are  also  some  lamer  grains  of  iron- 
ore,  partiallv  replaced  bv  leucoxene.  The  rock  h^  the  appear- 
ance of  a  foliated  andesito. 

Not  far  from  where  this  rock  occurs,  and  assoeiated  with  the 
same  mass,  a  peculiar  l)and  looks  at  first  sight  as  if  compubcd  of 
fragments  of  grit  set  in  a  greenish  matrix.  On  closer  exanuna- 
tion, however,  the  apparently  gritty  portions  are  b&bd.  to  consist  of 
numerous  lenticularly-shaped  patches  of  a  highly  vesicular  rock, 
the  vesicles  being  filled  with  quartz,  and  standing  out  conspicuously 
from  the  surface  of  the  mass.  These  lenticles  appear  to  behave 
as  "  eves  "  in  a  fino-Cfrained  G^reenish  schistose  matrix.  A  s^)eei- 
men  iVom  the  vesicular  portion  was  examined  under  the  micro- 
scope [00.">3]. 

Numerous  amyg^dales,  occiisionallv  measuring  a  quarter 
of  an  inch  in  diameter,  but  usually  smaller,  are  seen  im- 
bedded in  a  brownish  turbid  matrix.  The  amygdales  are  some- 
times almost  spherical,  though  often  more  or  less  elongated  in  a 

similar  direction,  so  as  to  appear  oval  or  ahnond-.shaped.  They 
are  tilled  with  ervstailine  quartz,  forming  u-ually  a  rathf^r  tine- 

f rained  mosaic,  which  becomes  coarser  towards  its  central  part, 
he  coarser  portions  frequently  show  an  undulose  extinction 
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Mr.  KysM*  traversing  several  contiguous  quartz  grains,  so  as  to  give  the 
appearance  of  an  imperiect  spherulitic  structure.  Some  of  the 
amygdales  contain  calcite  in  addition  to  quartz  and  occasionally 
flome  giains  of  epidote  in  their  maiginal  portions.  The  ground-* 
mass  IB  too  turbid  to  allow  anything  very  definite  to  made 
out  of  it.  It  seems  to  consist  of  felspar  microlites  in  a  dark» 
turbid,  brown,  tindiffcrcntinted  (?)  matrix  ;  no  phenocrj-sts  are 
seen.  The  rock  has  strongly  the  appearance  of  a  highly  vesicular 
basic  lava. 

Another  well-marked  vesicular  variety  occurs  as  a  band  m 
the  calcftTOoufl  pebble-bed,  already  descnbed,  and  also  as  frag- 
ments within  it  A  section  from  one  of  these  fragments  shows 
foirly  numerous  amygdales,  filled  with  calcite,  and  mostly  more 
or  less  drawn  out.  Tne  main  mass  of  the  rock  consists  of  larj^cr 
and  smaller  latb-shapcd  plai^oclases,  unorientated,  grains  of  iron 
ore,  some  greenish  alteration-products,  and  interstitial  matter. 
The  structure  is  that  of  a  very  fane-grained  dolcrite  or  basalt,  and 
probably  the  original  composition  had  similar  afl^ties.  A 
somewhat  similar  rock,  seen  to  the  S.W.  of  Eilchrenan,  forms 
hard,  roughly  spheroidal  cores,  packed  closely  together  in  a  dull 
fine-grained  green  schist  The  slide  [9054]  is  crowded  with 
cpidotc  grains  and  granular  aggregates.  The  rest  of  the  rock  is 
very  turnid  from  alteration-products,  but  shows  here  and  there 
numerous  small  folspu-laths  and  an  occasional  larger  porphyritic 
felspar.    The  rock  is  well  foliated. 

We  thus  have  varieties  of  the  so-called  "  epidiorites,"  which  in 
hand  specimens  and  in  thin  slices  under  the  microscope  have 
every  appearance  of  true  lava.  Save  the  litholo^oal  characters 
now  described,  however,  no  evidence  has  been  <3)8erved  in  the 
field  that  any  actual  superficifd  outflows  of  lava  occur  among  the 
Dalradian  schists.  On  the  contrary,  the  evidence,  as  is  well 
known,  has  always  hitherto  tended  m  a  contrary  direction,  and 
has  shown,  in  most  cases  conclusively,  that  the  "  epidiorites  "  are 
really  intrusive  sOl-like  Owing  to  the  structural  varia- 

tions,  however,  which  are  frequently  observable  within  the  limits 
of  a  single  mass,  it  may  be  that  many  of  these  constitute  com- 
plex intrusions,  due  to  successive  in-fillings  of  material,  or  other 
causes,  such  as  unenual  cooling  during  movements  in  the  mass  ; 
so  that  fine-grainea  lava -form  types  of  rock  might  conceivably 
occur  in  the  central  part  of  a  large  mass,  where  one  would  other- 
wise exnect  to  meet  with  coarsely-crystalline  material.  From 
the  h^nl^  vesicular  nature  of  many  of  these  rocks  it  would 
seem  not  improbable  that  some  of  tne  intrusions  did  not  come 
far  short  of  tne  surface,  if  indeed  they  did  not  actually  reach  it. 
These  lava-form  epidiorites  may  be  compared  with  the  vesicular 
epidiorites  reported  by  Mr.  Symes  from  the  Kilmelfort  area,* 
and  with  similar  rocks  mapped  last  year  by  Mb.  Hill  in  the 
Loch  Awe  area,  near  Invurlicvcr. 

*  Summir'/  of  Prn^rexa  for  1890,  p.  (^-1.  Mr.  Teall,  in  reference  to 
Mb.  Hill'a  rockii,  ha^  pointed  out  the  resemblance  between  them  and  the 
lavfts  associated  with  Radiolarian  cherts  in  the  Sonthem  Uplands  of 
Scotland  and  other  localities. 


Digitized  by  Google 


DALBADIAH. 


86 


Area  between  Glen  Satack  and  the  Head  of  Look  Oreran,  Mr.  Kyiia- . 
Part  of  Glen  Creran. — The  mapping  of  this  area  is  .a  contimui,- 
tion  of  the  ground  surveyecl  by  Mr  Kyn  aston  from  Loch  l'>tive 
Bide  in  1896  and  1897.  From  tlie  hi<;li  ground,  (K  cupicd  bv  the 
Ben  Cruachan  granite,  to  the  north-west  of  Loch  Etive,  the  work 
vas  completed  down  to  the  slims  of  Lodi  Creran,  and  up  t.n 
Ma  Byvw  ground  in  Glen  Salach.  On  the  north  side  ot  Loch 
Creran  and  the  lower  pert  of  Glen  Cieran  the  map  was  m^\i 
carried  up  to  the  groimd  mapped  by  Mr.  Grant  Wii^jon  in  1896. 
The  area  now  to  be  reported  on  consists  of  quarlzites  and 
quartzose  beds,  phyUites,  black  schists,  and  liinestones  clo.'^rly 
resembhng  those  of  the  Loch  Awe  area.  Tlie  uH>re  argilluccuus 
and  impure  calcareous  portions  of  the  series  have  been  converted 
into  hornfels  by  the  Cruachan  granite.  The  exact  limits  of  the 
homfels  area  is  naturally  difficult  to  decide  upon.  Intense 
alteration  into  homfels  may  be  noticed  at  a  distance  of  about  a 
mile  fron^  the  granite,  this  change  gradnally  shading  off  into  less 
*  altered  rocks  according  as  the  distance  from  the  granite  increases. 
The  alteration  is  distinctly  perceptible  along  tlie  shore  of  Loch 
Creran,  near  Creagan  Ferry,  2^  miles  from  the  granite.  This  is 
a  continuation  of  the  homfels  zone  which  has  abeadj  been 
studied  between  Taynuilt  and  Loch  Awe,  and  described  in  detail 
in  fonncr  reports.*  So  far  as  observation  has  yet  gone,  no  fresh 
points  of  petrological  importance  appear  in  the  extension  of  the 
oroa.  The  results  of  field  work  in  connection  with  the  complex 
marginal  area  of  the  granite  will  be  discussed  more  conveniently 
in  tne  section  dealing  with  the  granites  and  other  intrusive 
rocks. 

Perhaps  the  most  striking  feature  to  be  obserred  in  the 
mapping  of  considerable  portions  of  this  area,  is  the  extra- 
ordmary  amount  of  repetition  which  similar  lithological  types 
present.  Black  or  dark  slaty  schists  and  (juartzose  scams  are 
alternately  repeated  in  narrow  zones  or  bands  over  several 
miles  of  ground,  in  a  mnnner  that  would  completely  baffle  any 
attempt  at  separating  the  kindii  of  r(wk  on  the  map.  We  have, 
in  tact,  a  banded  series,  consisting  of  repeatedly  alternating 
zones  of  sOiceous  and  argillaceous  material  The  rock  may  m 
quartzose,  buided  with  black  schist  or,  i^ain,  black  schist 
full  of  qiiartzose  bands,  or  again,  it  may  be  impossible  to 
decide  wnether  tlie  rock  is  a  quartzose  black  schist  or  an 
ai^llaceous  quartzose  schist.  A  hand  specimen  frequently 
shows  the  banding  in  a  very  perfect  manner ;  while  in  the  field 
the  bands  vary  from  a  few  inches  up  to  broader  zones  quite 
easy  of  representation  on  the  maps.  This  banded  series  does  not 
owe  its  essential  characters  to  folding,  but  to  original  sedimentary 
alternations.  The  finer  bands  often  show  intense  crumpling, 
and  in  one  case  where  fairly  coarse  quartzose  bands  altematod 
with  a  fine  dark  srbist,  tlie  process  of  the  development  of 
"  cnish-conglomerate  structure  was  well  seen.  The  rock  had 
undergone  shearing  along  planes  nmning  obliquely  to  the 

♦  Summary  of  Progress  for  1897,  pp.  88-90 ;  for  18M>  pp.  8M1. 
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Mr.  Kyoit*  banding,  the  result  being  a  tendency  for  the  harder  band  to  be 
ion.  drawn  out  into  sepamte  lenticular  portions.   This  banded  series 

f  is  also  occasionally  seen  in  the  Locli  Awe  area  in  certain  part  s  of 

I  the  Pass  of  Brander,  but  it  is  not  there  developed  over  such 

large  areas  as  near  Loch  CreraiL  It  is  especially  Avell  seen  on 
Ben  Bhreac,  to  the  east  of  Glen  Salach,  and  on  the  hills  on  the 
north  side  of  Glen  Dubh.  The  alteration  into  honifols  tends 
to  accentuate  the  bandu^»  the  hard  striped  and  banded  homfels 
of  this  area  being  exceedingly  characteristic. 
"  A  ^well-marked  zone  of  limestone,  of  the  Loch  Awe  type 
occurs  at  the  mouth  of  the  liiver  Croran  on  the  north  side  of 
the  loch,  riTi'l  has  hooii  followed  for  a  distance  of  2  miles.  Above 
it  and  on  ii.s  liuilh-wrsl  side  is  a  hand  of  typical  hlnck  slates, 
followed  by  a  series  uf  liuc-grained  ouaru-schi.sls  and  tpartzites 
with  their  zones  of  black  schist To  the  east  of  the  head  of  the 
loch  the  limeitpne  is  well  exposed  in  Allt  Buidhe,  where  it  is 
associated  with  auartzito  and  black  and  b  i  <  1  I  schists  changed 
into  homfels.  It  is  here  a  highly  crystalline  bluish-grey  or 
white  marble,  soTne  portions  of  it  being  stron'jly  banded  and 
puckered.  The  purer  bands  are  more  coarsely  cr}'stallino,  some- 
times showing  zones  of  small  garnets,  while  the  impure  portions 
consist  of  dark  and  pale  bands,  sometimes  greenish,  of  calc- 
sUicate  hom^ls,  and  resemble  the  banded  calcareous  series  of  the 
Pass  of  Branded  Intrusions  of  "  epidiorite  "  are  common  in  certain 
portions  of  thearea,  but  are  never  of  large  size, frequently,  and  more 
commonly,  onTy  a  few  feet  in  breadth.  A  decided  dyke-like 
behavionr  is  sometimes  noticeable. 

Bkwknioiint. — The  Dalradian  schists,  mapped  by  Mr.  Ktnastov 
from  Ivingshouse,  on  the  western  border  of  the  Moor  of  Ilaanoch, 
are  evidently  an  ej^tcnsion  yf  the  similar  series  (quartzose  schists 
and  quartzites),  already  mtfpped  in  Glen  Orchy  and  the  south-  . 
eastern  part  of  the  Blackn^unt  on  the  one  hand,  and  in  Glen 
£tive  on  the  other  hand.  In  the  Kingshouse  district,  owing  to 
the  extensivo  d^'A'olopment  of  igneous  rock^,  oulv  insigniticant 
areas  of  sedimt  nt.u'v  material  hnve  \n'v\\  niapped.  The  River 
Ba,  above  Ba  Bridge,  si lows^  ;i  nood  srciion  uF  Haggv  quart zose 
schists  and  quartzites.  TIh^  rocks  u-suall^-  present  ditii  rent  shades 
of  giey,  sometimes  banded,  and  sometimes  pink,  owing  to  the 
presence  of  a  considerable  })roportion  of  felspar,  as  is  well  seen 
m  Allt  Goire-an-Easain,  a  tributjiry  of  the  Ba,  and  at  Altnafeadh, 
near  the  head  of  (^Icn  ( ^u'.  Micaceous  schists,  sometimes  with 
two  micjLs,  are  also  s(vn  in  Allt  C(Mro  an -F^asain  and  above  Ba 
Cottage.  Ganielif.frou.s  luii-u-.sd  lists,  surh  as  thereof  Glen  Ktive 
and  tlae  more  southern  part  of  the  Blaekinount,  have  not  so  iar 
been  observed.  Certain  breccias  in  the  quarizites  will  be  referred 
to  further  on  in  connection  With  the  volcanic  rocks. 

IgiMtms  rocka  later  than  ifte  foliation  of  ffus  schisU — During 
the  early  spring,'  of  last  year,  while  mapping  the  Dalradian 
schists  in  !l*e  neighbourhood  of  Dalmally,  Mr.'  Kvnastox  took 
oppuiliniily  of  rc-exaniiuing  the  remarkiillr  eruptive  mass  of 
Glen  Orchy.  Although  thrso  rocks  hive  in  former  reports  been 
referred  to  as  ohviue-mon/ouiLes,  reigns  have  been  shown  in 
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the  paper  referred  to  below  lor  discarding  the  term  m  favour  of  Mr.  Kjimu- 
a  new  one,  aud  the  term  Keniiillenite  nas  been  proposed,  the 
rock  from  KentaUen,*  near  Ballachulish,  bemg  taken  as  the 
type.  A  detailed  examination  of  the  section  exposed  in  AHt 
Broighlcachan  showed  the  lowest  portion  of  the  mass  to  consist 
of  a  band  of  ooazse  hornbUnde-p  icr  lt^.  At  its  lower  maigin  the 
picrite  passes  into  a  maru^irml  niodili<  ation  resembling  a  basic 
laniproph^'re.  At  the  upper  iiiar^-iu  it  passes  soniewliat 
ubru})tly  mto  the  kentallenite  in  svkli  a  way  tiiat  no  sharp  lino 
of  demarcation  can  bo  traced,  nor  any  well-marked  transitional 
phaaa  The  lower  portions  of  the  kentallenite  are,  however, 
more  bane  than  the  normal  iy^,  showing  very  little  felspar, 
with  a  high  proportion  of  au^jitc  and  oliTine,  and  a  very  coarse 
texture.  Followed  upwards,  in  the  burn-scction,  this  type  passes 
into  the  normal  rock,  which  again  shades  into  a  less  basic  and 
slightly  finer-grained  variety  towards  tlie  upper  margin  of  the 
mass.  On  the  whole,  then,  the  variation  is  well  marked  and  of  a 
vertical  character.  The  upper  portions  of  the  intrusion,  as  in 
the  Carboniferous  picrite  of  Blackburn,  LinUthgowshire,  are  the 
more  acid,  while  the  more  basic  minerals  have  tended  to  con- 
centrate in  the  lower  part,  and  have  consolidated  as  a  layer  of 
ultra-basic  rock. 

Under  the  microscope  the  picrite  is  seen  [i)009]  to  consist 
essentially  of  olivine,  hornblende,  augite,  and  biotite.  Only  a 
very  minute  and  insignificant  quantity  of  felspar  is  occasionally 
to  be  seen  interstitially.  Ma^etite  is  accessory,  but  chiefly 
occurs  in  connection  with  the  alteration  of  the  olivine.  The 
olivine  is  fairly  plentiful  in  roimded  grains.  The  hornblende 
varies  from  brown  to  greenish,  or  is  sometimes  almost  colourlesct, 
the  various  gradations  of  colour  being  often  visible  in  the  same 
individual ;  it  occurs  in  large  irregular  poikilitio  plates,  which 
enclose  both  the  olivine  and  augite.  The  plonchroism  is  not 
nuirkedly  strong.  Occasionally  this  niineral  seems  Lo  iuini  a 
marginal  outgrowth  from  the  augite,  and  may  perhaps  be 
partially  formed  at  its  expense.  The  augite  is  colourless,  or 
almost  so,  and  seldom  shows  crystal  form.  The  biotite  is  of  a 
deep  orange-brown  varietv,  and  strongly  dichroic.  It  is  of  later 
formation  than  the  hornblcnflc.  Felspar  is  rare,  but  occasionally 
occurs  in  small  iutei-stitial  patches,  without  any  signs  of  twinning. 
This  is  somewhat  suggestive  of  orthoclase,  since  wc  know  that 
the  plagioclase  of  the  closely  associated  kentallenite  crystallised  out 
before  Uie  biotite,  and  the  orthoclase  last  of  all  mterstitially. 
The  order  of  consolidation  of  the  minerals  in  the  picrite  is — 
olivine,  augite,  hornblende,  biotite,  felspar.  Towards  its  lower 
margin  the  picrite  becomes  finer-grainect  and  shows  affinities  to 
the  basic  lampro|>hyres,  while  vein-like  streaks  and  patches  rich 
in  felspar  are  not  uncommon.    The  microsco|)e  shows  19007, 

9008j  tnis  marginal  portion  of  the  ma^s  to  be  rich  in  hornblende, 

-     --   —  ... 

«  Described  by  Mb.  Teall,  Ann.  Rep.  Gtol,  Swrwif^  for  IS96,  p:  2S. 

Summm-y  of  Progress  for  1809,  p.  57.  Sec  also  a  paper  by  Mr.  J.  }?.  HiiJ, 
and  Me.  Kynaston,  Quart,  Joum.  O'eol.  JSoc^  voL  Ivi.,  pp.  634,  535,  etc., 
and  pis.  xxix.,  tig.  2.,  uid  zzx.,  fig.  1* 
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Mr.  Kynas-  whilo  tho  proportion  of  oHvmo  aiul  aiiQ^te  has  considerably 
^m*  diuiiuished.    The  hornblende  is  gixeu  and  ^eenish  brown,  and 

occurs  in  idiomorphic  prisms,  frequently  giving  a  lath-ah&ped 
section,  as  in  camptomteL  The  auixito  is  considerably  altered 
and  sometimes  pseudomorphosed  The  olivine  is  represented 
by  pseudomorphs  of  colourless  amphibole  needles  and  maij^ietite. 
Secondary  p^cen  hornblende-needles  often  form  jv  hniflcr  sur- 
roundmg  the  pseii(lriiii(tr])hs.  Some  hiotlLe  is  i)reseni  in  small 
dakes,  and  somcLimcb  bniall  ^ains  of  sphene  [9008].  Felspar 
is  fsurly  plentiful,  and  rasembles  that  of  the  lamproph^^es, 
ooourring  as  small  plagiodase  crystab  with  good  idiomorphism. 
A  small  quantity  ot  interstitial  quartz  is  present  Patches  rich 
in  felspar  are  somewhat  coarser  than  the  surrounding  rock,  but 
^aduate  imperceptibly  into  it.  They  consist  of  idiomorphic 
piagioclase  and  micropejTfnmtite. 

Passing  now  to  the  U{>per  part  of  the  picrito  mass  we  hnd,  as 
we  approach  the  kontallenite,  that  the  ruck  becomes  slighlly 
coarser,  and  that  the  microscope  shows  [9010]  the  hornblende  to 
have  diminished,  while  the  augite  has  increased,  the  horn- 
blende usually  occurring  about  the  margins  of  tho  augites. 
The  proportion   of  felspar  does  not  appear  to  hjive  per- 
ceptibly  Hicreased.      The    next    phase   m   the    mass  that 
is   exposed    is   a   bjisic   form  of   the   kenlallenite,  showing 
a  low  proportion  of  the  felspars,  and  occasionally  a  small 
quantity  ot  pale  green  hornblende  [9011].     In  the  typical 
kentallenite  the  hornblende  has  entirely  disappeared,  and  the 
hiotite  is  of  a  browner  colour,  and  does  not  show  the  rich  orange 
tinge  characteristic  of  that  mmeral  in  the  picrite.    The  upper 
margin  of  the  kentallenite  does  not  assume  a  particularly  tine- 
gruined  jispect,  but  seems  to  show  an  a[>proach  to  lamprophyre 
[901 5 j.    It  is  too  decomposed  for  siitistactory  description.  The 
variety,  which  shows  well  formed  oUvines  and  augites  m  a  ground- 
mass  of  biotite,  piagioclase  and  alkaH-feLspar,  is  not  a  maiginal 
modification,  but  occurs  as  roughly  spheroidal  masses,  up  to 
2  feet  or  more  in  diameter,  enclosed  within  Uie  normal  type.  In 
one  place  a  narrow  vein  was  seen  nf  ypry  coarse  white  felspar  and 
large  biotite  plates,  doubtless  analogous  to  the  pegmatite  veins 
so  common  ui  certain  granites,  and  consisting,  as  is  also  the  case 
in  pegmatite,  of  those  constituents  of  the  parent  rock  which  were 
the  Itiflt  to  crystallise  out  from  the  intruded  magma.  Some 
mtercsting  inclusions  were  obserred  in  the  j^icrite.  Ignoring 
occasional  pieces  of  ^uartzite,  they  are  of  two  kinds :— (1)  mush- 
room-shancd  inclusions,  6  inches  or  so  in  diameter,  of  fine- 
grained kentallenite,  and  (2)  nodular  lumps,  a  few  inches  in 
diameter,  of  a  fine-giuinod  dark  greenish  rock,  resembling 
certain  iumprophyres,  and  showing  conspicuous  phenocrysts  of 
homblenda    The  rock  of  the  mushroom-shaped  inclusions 
consists  (9013]  of  rclatirely  large,  idiomorphic,  soned  augite 
and   olivine   m    a   tino-graineu    ground-mass  of  felspar, 
with    elongated,    irregular,   strips  of    biotite,    and  small 
p\Tnxene  granules,    ft  resembles  tho  rock  of  the  spheroidal 
masses  in  the  kentalieuite.   The  other  inclusions  consist  of  large 
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brown  and  greenish  h<»nblendes,  resembling  the  homUende  of  Mr.  Kjnsa- 

the  picrite,  in  a  Tiiicro-crvstallinc  and  ratner  peculiar  ground  ^* 
mass.  It  is  not  uniform  in  <  omposition  ;  some  parts,  though 
rather  obscured  by  decompo.siliuu,  appear  to  consist  of  plap;i()olaso 
and  orthoclase  with  some  scattered  hornblende  needles,  wkiitj  other 
parts  are  rich  in  alkali-felspar,  and  crowded  wiUi  sidaU  oolourleBB 
grains  and  crystals  of  }>  vroxena  Some  sphene,  apatite,  and 
imipiotito  are  also  present.  It  is  not  easy  to  explain  these 
inclusions ;  they  may,  perhaps,  represent  magrnatic  concretions 
or  consolidations  of  an  earlier  phase  That  they  arc  intimately 
and  genetically  connected  with  the  mass  in  wliich  they  are 
found,  their  petrological  attinities  sutiicieiitly  show.  They  afford, 
moreover,  an  interesting  link  completing  the  chain  of  evidence 
which  binds  together  the  picrites,  kentallenites  and  lampro- 
phyres. 

It  may  further  be  st^ited  in  this  connection  diat  while  working 
in  Glen  J^hira  in  September,  Mr.  Kynaston  revisited  tlio  lental- 
lenite  intrusions,  mapped  by  Mr.  Hill,  of  the  Brannie  and 
Allt-ant-Sithein  burns.  That  of  the  Brannie  burn,  like  the  Glen 
Orchy  mass,  wajj  found  to  be  associated  with  a  coarse  dark- 
ereenish  picnte,  which  occurs  at  the  lower  maigin  of  the  kental- 
lenite  in  t^e  bum-section,  and  apparently  forms  a  band  about 
15  yards  in  breadth.  There  seems  to  be  no  great  amount  of 
Tanation  in  these  Glen  Shira  kentallenites.  What  there  is 
appears  to  be  mainly  textural,  the  rock  becoming  finer-grained 
at  the  margins,  and  liner  and  coarser  Tarieties  occasionally  seem 
to  alternate  in  successive  bands. 

The  recognition  of  picrite  in  intimate  associaiiun  with  the 
Argyllshire  kentallenites  is  of  special  interest,  inasmuch  as  it 
proves  that  ultra-bs^c  rocks  must  be  included  as  an  additional 
group  in  the  large  and  varied  series  of  associated  intrusive  rocks, 
which  form  80  marked  a  feature  in  the  geological  structure  of 
the  district. 

Brief  reference  may  here  be  made  to  certain  sills  of  augite- 
diorite  on  Meall  na  Laoigh,  between  Glen  Orchy  and  the  head  of 
Glen  Strae,  a  specimen  from  one  of  which  has  already  been 
described.*  Fresh  observations  have  brought  out  some  interest- 
ing pomts  bearing  on  the  nature  of  the  intrusions  and  the  rela- 
tionship of  some  of  the  rocks  in  the  same  area.  Tliey  are 
composite  sill-likc  intrusions,  each  exhibiting  precisely  similar 
features.  At  the  margin, a  Hnc-gr;iin<  d  rock,  reijembliugin  hand- 
specimen  a  basalt,  shows  pheno(;i  jsis  of  augite  and  olivine. 
This  passes  into  the  nuuu  nia&s  of  the  intrusion,  an  augitc- 
diOTite»  oonsisdng  ofidiomorphic  augite,  two  felspars,  andbiotite^ 
with  an  occasional  a^scessory  pseudomorph  after  oUvine,  and  some 
sphene  and  ma^etite  [8945].  The  centm  portion  of  each  intru- 
sion, however,  is  a  rock  oi  more  acid  appearance,  consisting 
essentially  of  elongated  prisms  of  greenish -brown  hornblende 
and  alkah-ielspar,  with  accessory  plagioclase.    The  alkali-felspar 


♦  See  Summary  qf  Frogrets  for  1899,  p.  60 ;  Quart.  Jonm.  Geol.  Soc., 
▼oL  IVL,  ]k  540. 
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Mr.  Kynas-  consists  of  a  grauuiar  aggregate,  forming,  as  it  were,  a  ground 
^  maas,  m  wMoh  the  idiomor^c  hornblendes  lie  embeddea  {8946]. 

A  similar  structure  is  seen  in  some  of  the  Coniish  mmettes 
described  by  Collins  *  in  which  tho  matrix  that  encloses  the  other 
constituents  is  a  coarse-grained  aggregate  of  iinstiiated  felspar. 
Tho  Meall  an  Laoigh  rock  may  be  classed  as  vosgesito,  horn- 
blende being  tho  predominant  feno-iiiagncsian  mineral. 
Sphene  and  apatite  are  accessor}^  Tho  boundary  between  this 
rock  and  the  augite-diorite  is  sometimes,  but  not  always,  sharp. 
The  Yosgesite  appears  to  be  merely  a  slightly  later  mtrusion 
from  the  same  magma.  It  has  no  chillea  edge,  so  cannot  be 
z^^arded  as  a  later  dyke  cutting  the  augite-diorite ;  but  it  is 
often  rather  nitfniiingled  witli  the  latter  rock,  in  irrcf^lar  veins 
and  strings,  as  if  intmdcd  before  the  diorite's  complete  consolida- 
tion. And  further,  the  aiigite  phenocrysts,  so  characteristic  of 
the  diorite,  arc  also  found  sparingly,  as  hornblendic  pseudomorphs, 
in  the  more  acid  rock. 

The  basic  rock,  forming  the  marginal  portion  of  these  sills, 
shows  under  the  microscope  [89441  phenocrysts  idiomorphic 
augite  and  pseudomorphs  after  olivine,  in  a  microcrystalline 
groimd-mass  consistincf  of  lath-shaped  plagioclasc,  small  greenish 
( ('pyroxene)  granules,  the  interstitial  matter  possibly  including  some 
alkaU-felspar  and  accessory  magnetite.  The  pseudomorphs  after 
olivine  illustrate  the  amphibolo  typo  of  alteration.  They  consist 
of  a  fine  felted  ag^egate  of  colouness  amphibole-needles,  some- 
times associated  with  some  iron-ore,  and  are  usually  surrounded 
by  a  border  of  green  fibrous  amphibole,  often  mixed  with 
colourless  needles. 

A  similar  alteration-product  after  olivine  is  seen  at  the  margin 
of  the  Glen  Orchy  picrite  (see  anlt'  p.  .*^7),  and  is  probably  similar  to 
the  "  pilite  "  of  Becke.+  This  marginal  phase  has  attinities  with 
certain  basic  lampropnyres  and  with  the  variety  of  kentallenite 
which  occurs  as  inclusions  in  the  picrite  already  described.  This 
association  of  rock  types  observed  m  these  Meall  an  Laoigh  sills 
furnished  another  example  of  the  close  genetic  relationships 
between  the  augite-diorites  and  the  lamprophyrcs  of  this  area. 
In  its  general  leatures  t  he  differential  ion  ol)servable  in  the«e 
intrusionB  is  elosely  paralleled  by  several  of  the  intrusions  of  the 
Ben  lihuidho  area,,  and  especially  by  the  dioritic  intrusion  of 
Clachan  Hill,  which  varies  from  augite-diorite,  occasionally 
showing  accessory  olivine-grains,  and  in  part  dosely  resembling 
a  basic  lamprophyre,  to  a  cUoritic  rock  of  the  camptonite 

type.: 

Mr.  J.B.II1II.  riio  tieid-uork  carried  on  by  Mr.  Hill  in  the  summer  lay  in 
the  district  around  Kilmartin,  to  the  south-west  of  the  Loch 
Awe  biisin.    The  whole  of  the  members  of  the  "Loch  Awe 

*  Seo  Teall,  British  Petrography,  ppi  356-367. 

t  See  Teall  I'ritish  Poti'o^Ma))hy,  p.  86,  and  HoseablUGh  and IddingSi 
Microscopic  Physiography,  p.  I'lT  and  pi.  xix.,  fig.  2. 

X  These  kentaUenites  and  augite-diorit^s  are  most  probablv  of  the  same 
geological  age  as  tiie  Ben  Cniadian  granite,  in  view  of  the  close  relation^ 
ahipB  tbat  bave  been  ahown  to  exist  between  tlieni. 
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series  "  are  hero  developed,  consisting  of  grits,  slates,  and  lime- Mr.J.BbHilL 
stones,  with  wlii*  h  are  associated  enormous  masses  of  i<,'iieoas 
material  of  Dahadian  age,  ranging  in  composition  from  inter- 
mediate to  basic,  while  porphyrite  dykes  of  later  date  are  met 
with,  probably  belonging  to  the  period  of  the  Lower  Old  Red 
Sandstone.  Further  a  series  of  lertiary  dykes  of  basaltic  type 
traverses  the  county  in  a  north-westerly  direction  at  right  angles, 
t<^  the  strike  both  of  the  sedimentary  groups  and  of  tne  igneous 
rocks  associated  with  them. 

The  "  Loch  Awe  series "  having  been  described  in  previous 
Reports  calls  for  no  further  description  here.  The  hmestone 
forms  its  base«  and  the  grits  and  quartzites  are  its  upper 
members.  The  different  groups  of  the  series  often  shade 
laterally  into  one  another.  The  limestone  especially  is  often 
most  variable  in  cliJiracter.  From  its  normal  condin'oti  of  a 
crystalline  blue  limestone  it  passes  to  a  calcareous  grit  on  iho 
one  hand  and  a  c^dcareous  slate  on  the  other.  In  its  gritty  eon- 
dition,  which  is  very  common  in  this  area,  the  limestone  matrix 
18  full  of  grains  of  blue  quartz  and  felspar,  sometimes  an  inch  in 
diameter. 

The  rocks  are  everywhere  thrown  into  isoclinal  folds,  which 
are  steep,  often  even  vertical.  The  bedding  is,  on  the  whole,  not 
far  from  the  horizontal,  with  foliation  nearly  Tcrtical.  The 
members  of  thu  Loch  Awe  series  lie  here  in  a  gentle  trough  of 
the  Ardrishaig  series.  The  metamorphism  is  of  a  feeble  Kind, 
some  zones  having  practically  esca^a  alteration. 

The  igneous  rocks  of  epidionte  type  are  extraordinarily 
abundant.  They  can  be  traced  as  a  Delt  five  miles  broad, 
amongst  which  discontinuous  strips  of  sedimentary  roc  ks  are 
enclosed,  while  fringins^  this  mass  the  igneous  material  so 
diminishes  as  to  present  the  normal  condition  of  large  sills 
enclosed  in  the  sedimentary  formations.  Tliis  remarkably 
extensive  tract,  although  composed  of  material  that  may 
generally  be  described  as  epidionte,  embraces  rocks  so  little 
altered  that  their  orig^l  igneous  structtires  remain  conspicuous. 
They  vary  in  composition  from  basic  to  intermediate,  the  dominant 
minerals  being  nomblende  and  felspar,  with  chlorite,  epidote, 
calr  ite  (];uartz,  and  iron  ores  as  accessories.  Every  gradation  in 
structure  may  be  followed  from  a  coarse  ^abbro-liKe  typ(^  to  the 
finest  schist.  The  most  prevalent  variety  is  a  felsjmr-hornblende- 
schist,  with  poruliyritic  felspars  scattered  in  it,  commonly 
associated  witn  bands  of  very  fine  chlorite-schist,  in  whicn 
tiieporphyritic  felspars  are  equally  abundant.  Rapid  alternations 
occur  of  zones,  in  which  the  porphyritic  felspar  varies  in  amount, 
and  is  sometimes  altogether  absent.  Similarly  the  c^ound-masa 
varies  both  in  texture  and  roinposition.  Tlies--  (htlV-rences  in 
structure  and  composition,  being  often  sharply  marked  oft"  from 
each  other,  produce  banded  structures  in  the  rock,  while  some 
of  the  cliloritic  bands  in  which  porphyritic  felspar  is  absent 
cannot  readily  be  distinguished  from  sedimentary  material 
Th»  porphyritic  felspars  occur  hi  idiomorphic  crystals,  but  they 
are  often  oroken  across  and  have  rounded  outlines;  yet»  not* 
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Mr.J.B.HilI.  withsln Tiding  the  liiglily  sheared  condition  of  the  matrix,  they 
have  on  the  whole  sutVered  but  little  crushing.  They  are 
frequently  liaii  an  inch  long,  wliile  occasionally  crystals  2  inches 
in  size  lia.7e  been  obsenred  In  some  zones  the  porphvritie 
felspars  are  so  packed  together  that  the  ground-mass  is  almost 
excluded.'  Although  some  portions  of  the  mass  show  the  horn- 
blende ns  porphyritic,  this  type  is  not  common,  the  felspar  hemrr 
usuidly  the  porphyritic  constituent.  While  as  a  whole  the  rock 
is  fairly  fresh,  considerablo  nmsses  present  a  highly  decomposed 
condition  in  which  the  hornblenJe  is  entirely  broken  down, 
though  tiny  felspars  often  remain.  In  this  state  the  rock  often 
becomes  strongly  calcareous  from  ihe  breaking  down  of  the  lime- 
bearing  hornblende  and  felspar,  and  partly  doubtless  from  the 
decomposition  of  the  limestones  with  whicn  they  are  associated. 
The  green  calcareons  schists  thus  produced  are  often  difficult  to 
separate  from  rocks  of  similar  cluiracter  which  are  undoubtedly 
of  sedimentary  oriLfin.  Many  ot"  those  rocks,  both  in  the  most 
and  the  least  altered  state,  possess  a  vesicular  structure,  the 
vesicles  being  sometimes  filled  with  calcite,  more  rarely  with 
blue  quartz,  or  remaining  as  partially  -  filled  drusy  cavities. 
Where  the  igneous  mass  is  least  altered  the  porphyritic 
felspars  of  idiomorphic  character  hare  suffered  little  or  no  altera- 
tion, hornblende  is  absent,  and  the  structure  of  the  rock  is  truly 
igneous,  consisting  of  bandsof  more  or  less  altered  andesites  divided 
by  more  sheared  portions  which  may  represent  flow  structure. 
Mb.  Teall  has  pomted  out  the  resemblance  of  these  tmaltered 
rocks  to  the  ▼olcanic  accompaniments  of  the  Lower  Silurian 
Kadiolarian  cherts  in  the  south  of  Scotland  and  elsewhera 
They  can  be  traced  into  normal  epidiorites  of  Dalzadian  type, 
and,  as  already  remarked  with  regard  to  examples  in  Mr.  Kyn- 
aston's  ground,  the  tield-evidence  usually  favours  their  intrusive 
origin.  No  example  has  here  been  fovmd  of  the  peculiar 
sacK-like  or  ]jiUow-shaped  structure,  so  characteristic  of  the  lavas 
associated  with  the  Badiolarian  cherto.  Nor  has  any  trace  been 
found  of  such  cherts,  or  of  volcanic  tufis  or  agglomerates. 
Epidote,  is  common  to  all  the  difierant  types  of  the  epidiorite» 
but  the  occasional  occurrence  of  albitc  in  tiny  clusters, 
somewhat  similar  to  those  in  the  micaHSchists  of  Uowal,  is  of 
interest. 

The  snialler  sills  that  he  beyond  the  boundaries  of  the  large 
mass  need  no  special  remark,  as  they  present  no  characters  which 
are  not  represented  within*that  mass.  In  connection  with  ihe 
little-altered  andesitic  Tarieties,  reference  may  here  be  made  to 
rocks  of  similar  type,  which  in  1893  were  mapped  by  Mr.  Hill, 
between  Kilchrenan  t\nt\  the  Pass  of  [Grander,  and  of  which  the 
original  igneous  character  is  not  much  altered.  In  these  rocks 
hornblende  and  clilorite,  generally  such  conspicuous  minerals  in 
the  epidiorite  group,are  absent,  the  ferro-magne&ian  uiinerak  bemg 
represented  by  green  hiotite,  while  in  one  instance  white  mica 
also  occurred  Mb.  Hill's  former  work  in  the  "  Loch  Awe  series  " 
proved  that  the  normal  cnrstalline  schists  of  the  Highlands 
pass  giaduaUy  in  ibis  port  of  iigyllahire  by  phases  of  diminish- 
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ing  metamorphiflm  into  sedimentary  strata  little  removed  from  Mr.  J.  B.  Hill, 
normal  Palteozoic  formatioiiB.  His  recent  obserrations  show  that 
in  the  same  rjwion  these  rocks  include  a  large  mass  of  truly 
igneous  material  which  has  undeigone  so  little  alteration  that 

its  original  crystalline  characters  can  readily  be  determined 

The  isoclinal  type  of  olication,  so  prevalent  over  the  district, 
has  sometimes  been  developed  to  such  an  extent  that  the  juuc- 
tiou-liue  of  two  rocks  is  xio  w  markod  by  a  banded  zone,  in  which 
Uie  altematioDB  are  so  narvow  that  they  range  from  a  foot  to  as 
little  as  an  inch  in  thickness.  While  in  some  cases  the  process 
has  ended  here,  in  others  it  has  been  carried  further,  and  the 
sharply-picked  folded  bands  have  been  divided  by  shear  planes 
that  sever  the  continuity  of  the  limbs,  the  fra^ents  thus  pro- 
duced havine  been  more  or  less  isolated,  until  at  last,  by  the 
rolling  out  oT  these  fragments,  pseudo-conglomerates  or  crush- 
conglomosates  have  been  developed.  These  structures  have  been 
obsOTved  in  the  limestone,  the  quartzites,  and  the  epidiorites, 
but  they  are  most  conspicuously^  developed  where  the  limestone 
and  epidiorite  are  in  juxtaposition.  Sections  are  rarely  seen  in 
which  the  various  stages  of  this  process  can  be  continuously 
trat:ed  from  the  beginning  to  the  end,  Consecjuently,  structures 
which  have  orij'inated  in  earth  movements  may  sometimes  be 
confounded  with  phases  of  contemporaneous  deposit,  such  as  the 
great  bouider-bed  of  the  Central  Highlands  already  referred  to. 

As  the  principal  topographical  features  of  the  region  corre- 
spond both  with  the  stnke  of  the  beds  and  the  axes  of  f<Hdin^,  deep 
transverse  sections  showino^  clearly  the  passage  of  one  rocK  into 
another  are  far  from  pientilul.  The  ground  near  the  upper  end  of 
Loch  Craignish,  however,  is  divided  by  valleys  which  cross  the 
lines  of  ridge.  Isolated  platforms  have  thus  been  blocked  out, 
so  to  speak,  &om  the  rest  of  the  country,  and  as  these  transverse 
▼allm  have  had  their  trend  determined  by  Unes  of  fault,  they 
display  steep  escarpments  in  which  sections  are  laid  open  across 
the  strike  and  the  axes  of  plicatifsn.  While  the  folding  and 
foliation  are  everywhere  seen  to  be  tlipping  at  high  angles,  the 
escarpment-faces  show  that  the  strata,  although  som»'w}iat 
undulating,  are  on  the  whole  practically  horizontal!,  a  stniciure 
exactly  the  reverse  of  what  the  surface-features  would  suggest. 
Ezammation  shows  that  a  mass  of  gritty  limestone  is  orenain 
by  an  epidiorite  sill,  of  which  probably  only  the  lower  portions  are 
to  be  seen  Tho  visible  part  of  this  sill  is  of  the  vesicular 
ivvo,  and  is  ^^robably  an  extension  of  the  great  sill  already 
alluded  to.  The  junction  of  the  igneous  slu'ct  ^vith  the 
lunestoue  is  intricately  folded,  stri})s  of  epidiorite  from  a  few 
inches  to  a  foot  or  more  in  thickness  being  packed  together  at  a 
high  angle  in  a  limestone  matrix.  Large  Dlocks  may  be  seen  in 
process  of  division  by  the  shearing  movements  which  have 
succeeded  the  folding.  Amongst  the  folded  limbs  boulder-hke 
blocks  occur  completely  isolated.  These  blocks  are  usually  of 
epidiorite,  l>ut  some  of  limestone  may  also  be  seen.  The  lime- 
stone, however,  ;  ecTus  generally  to  have  played  the  part  of  a 
plastic  body,  accommodating  itself  as  a  matrix  to  the  folded  and 
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*Hr.  J.B.Bia  ifiolitcid  fra^entsof  6pidiorite,betveen which  it  has  beenfl^tMesecL 
A  bed  of  this  fragmentary  nature,  varying  from  two  to  six  yards 

in  thickness,  rests  on  the  limestone  more  or  less  horizontalfy.  In 
this  bed  the  long  edges  of  the  folded  limbs  and  detached  frag- 
ments are  in  alignment  with  the  .strike  of  the  foliation  and  of 
the  axes  of  tho  foldin^^,  so  that  a  cross  section  (!is|>lays  a  series  of 
closely-pticked  leuLicics  stiiuding  ou  edge,  bound  together  in  a 
limestone  matrix.  The  junction  of  this  composite  mass  with  the 
Hmestone  below  is  not  snarp ;  igneous  blockis,  some  of  which  are 
well  rounded,  bein^  induded  in  the  limestone  for  some  distance, 
while  near  the  junction  of  tho  limestone  solid  cores  of 
epidiorite  occur,  two  or  three  feet  across,  whieh  have  not  hcen 
broken  down  into  bovilder-like  masses.  Tho  blocks  of  epidiorite, 
a  foot  or  less  in  length,  are  often  perfectly  rounded  and  He  in 
places  at  some  distance  from  the  nearest  visible  epidiorite.  An 
examination  of  them  shows  that  they  belong  to  the  vesicular 
type  of  epidiorite  which  reposes  on  the  limestone,  but  many  of 
them  are  fresher  and  more  compact,  with  no  trace  of  foliation. 
Blocks  of  the  more  decomposing  type,  which  is  the  prevalent 
fentnrc  of  the  parent  mass,  do,  however,  occur.  There  seems  on 
the  whole  to  be  ground  for  assuniini*  that  these  "crush- 
conglomerates"  are  older  than  the  foliation,  and  that  the 
boiuder-liko  blocks  largely  escaped  deformation  owing  to  the 
relative  plasticity  of  the  Gmestone  in  which  they  are  mtemed. 
Boulders  of  grit  may  also  he  seen  in  tiie  limestone,  evidently 
derived  from  a  grit  band  which  is  sometimes  found  to  abut 
against  that  mass. 

The  district  presents  many  examples  ot  this  pecuUar  structure 
at  the  junction  of  the  epidioritcH  with  limestone.  But  these 
phenomena  are  also  observed  amongst  other  rocks ;  they  have 
been  seen  in  the  quartzites  and  within  the  epidibrites  themselves, 
although  in  these  latter  cases,  owing  to  the  comparatively 
homogeneous  nature  of  the  material,  they  are  not  so  eonspicuouil 
Isolated  blocks  of  quartz) te  have  often  been  observed  in  a 
matrix  of  the  same  material,  likcAvise  boulders  of  slate  and 
limestone  have  been  mer  wiili  enclosed  in  limestone.  For  want 
of  a  better  explanation,  they  have  been  assumed  lo  be  relatcfl  to 
tho  Highland  boulder-bed,  but  there  can  be  httle  doubt  that  in 
this  part  of  Argy  llshire  they  are  more  often  crush-conglome- 
rates. 

The  crush-conglomerates  of  Cornwall  were  described  in  the 

last  Symm'fry  of  Pror/^vs-.-?,  and  their  relation  to  the  composite 
nature  of  the  beds  in  whicli  they  occur  was  pointed  out.  Bands 
of  alternating  material  of  different  kinds  offer  a  resistance  to 
stress  less  uniform  than  that  shown  by  more  or  less  homogeneous 
masses.  In  Argyllshire  crush-conglomerates,  have  most  fre- 
(juently  been  formed  near  the  junction  of  rocks  totally  dissimilar 
in  character,  the  junction  of  epidiorite  and  limestone  being 
especially  favourable  for  their  production.  The  limestone 
associated  witli  these  conijlomerates  is  i^'cnerally  of  a  pntty 
nature,  which  may  have  iavoiurcd  dittbroutial  movements  within 
its  mass.  -        '   '  ' 
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The  mapping  of  that  northern  part  of  Arcyllsliire  which  Mr  o 
forms  til (list net  of  Ardcr'^>nr.  on  trio  west  side  of  the  upper  ^^*^***°* 
section  ot  Linnhe  T.nch,  was  resumed  last  year  by  Mr.  Grant 
.SOX.  In  this  (li.li  net  a  foliated  epidiorite  was  encountered 
in  the  year  1898  at  the  foot  of  Glen  Scaddle.*  The  field-work 
during  the  post  season  has  ^own  tibat  the  area  occupied  by  this 
igneous  rock  and  its  accompanyii^  mar^n  of  acid  meiss  is 
much  larger  than  was  at  first  anticipated,  since  it  extends  as  far 
south  as  Sginr  nah-Eanchainne,  above  Glen  Gour.  The  hill- 
streams  on  both  sides  of  Glen  Scaddle  aftbrd  elear  and  con- 
tinuf)us  rock-sections,  and  a  larp^e  number  of  these  have  1)C»  n 
examined.  lu  the  following  table  the  various  igneous  rocks, 
whidi  form  the  Glen  Scad(&e  network,  are  arranged  in  their 
ehionological  order  of  intrusion,  the  oldest  being  placed  at  the 
begimmi^  and  the  youngest  at  the  end ; — 


Foliated 
Bocks. 


Epidiorite. 
Granulitic  gneiss. 

DIonte  dykes,  cutting  gnuralitic  gneiss  and  flagstones. 

(4)  Grey  b«»o  dykes,  now  represented  by/^^^„",f,f,Pi^j^^j^^ 

^        LiSbkade-Ltite-schiB^I  ^tj^rr^^ 

(5)  0«^^diticgne^s  and       f  Xrr%C"^^ 
Apbte  (porphynte)  dykes  (  Syl^ 


Unfoliated 
Bocks* 


f(«)  Gmnitedyk-  {^ttia^^^^ 

Dolerite  dykes  I  Cutting  ul  the  other  membeTS  of  the 
A^lBasak  dykes    i  series. 


(1.)  A  inicroseopieal  description  of  the  epidiorite  has  ahmdy 
been  giveu.f  toi^etlicr  with  a  description  of  the  section  exposed 
along  the  course  of  the  River  Scaddlo.  The  epidiorite  continues 
to  present  the  same  general  features  as  in  the  portion  previously 
mapped,  save  that  towards  its  centre  the  rock  becomes  less 
foliated,  is  much  coarser,  and  contains  hornblende  crystals  some- 
times half  an  inch  long.  At  many  points  not  far  from  its  mar^n 
the  uniform  grey  colour  of  the  rocK  changes  to  a  d\ill  red  tint, 
owing  to  tlie  pink  hue  of  the  felspar.  As  the  ground  is  almost 
entirely  free  from  superficial  deposits,  the  outline  of  the  epidiurita 
has  been  accurately  traced  for  a  distance  of  seven  miles.  It  is 
remarkably  sinuous,  as  the  eruptiye  mass  projects  in  tongues  into 
tlie  surrounding  rocks. 

(2.)  Between  Keil  and  Cnugbheitheachain  the  epidiorite  is 
surrounded  l)y  a  zone  of  granulitic  gneiss*  wliieli  vnrios  in 
breadth  from  10  yards  to  half-a-iiiile.  The  lino  of  junetion 
between  the  two  rocks  is  everywhere  .sharp,  contrasting  in  this 
respect  with  the  line  between  this  gneiss  and  the  flagstones, 
which  is  indefinite,  and  much  more  complicated.  For  some 
distance  beyond  the  zone  of  acid  rock  the  fls^tones  are  often 
traversed  by  numerous  small  dykes  of  acid  granulitic  gneiss. 


*  Summary  of  Proffreit  for  1886^  p.  40.      t  Ihid,      %  IM^  p.  41. 
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Mr.  Gimat  (3.)  In  Glen  Cona  the  river-section  for  a  disUiiicc  of  half- 
Wilaon.  ^  jjjjjg  bolow  the  Keeper's  house,  exposes  numerous  foliated 
diorite  dykes  from  two  to  thirty  feet  broad  whidi  ttaverse  the 
flagstones.  Some  of  these  in  tiim  aie  cut  by  small  dykes  ot 
granulitio  gneiss  and  veins  of  aplite.  To  the  south-east  of  Glen 
Scaddle  several  broad  diorite  dyJces  cut  both  the  acid  gneiss  and 
the  flajretones. 

(4.)  Eleren  foliated  grey  basic  dykes  *  now  represented  by 
hornbloadu-biotite-schists,  were  mapped  bistyoiir  on  the  southern 
slopes  of  Glen  Scaddla  They  intersect  both  the  epidiorite  and 
the  granulitic  gneiss^  while  two  in  Glen  Cona  traverse  the  fi»g- 
stones. 

(5.)  On  the  south  side  of  Glen  Scaddle  the  epidiorite  is  cut  by 
a  larLTC  number  of  dykes  and  veins  of  foliated  granulitic  tjneiss 
and  aplite  (p<>rphyrite>f  from  an  inch  up  to  twenty  yards  in 
breadth.  Similar  dykes  have  also  been  mapped  to  the  south- 
east of  Corrlarach  in  Glen  Cona  intersecting  the  flagstones. 

(6.)  On  the  east  side  of  the  Gearr  Lechcbnn  in  Glen  Cona  a 
rocky  ravine  in  the  flagstones  exposes  dykes  of  foliated  diorite 
which  are  cut  by  small  dykes  of  unfoliated  pink  granite.  On 
the  top  of  the  hill  above  the  ravine  a  Iar<:^o  diorite  dyke,  which 
extends  for  some  distance,  is  also  traversed  by  no  less  than  three 
dykes  of  vmioliatcd  ^-ranitc. 

Cl.)  No  fiurther  remark  is  called  for  in  regard  to  the  bitsic 
dykes  of  probably  Tertiary  age. 

The  granulitic  micaceous  &g8tones  (**  moine  sphists  ")  in  the 
ground  sur\  eyed  last  year  on  the  north  side  of  Glen  Cona  are 
of  the  usual  type,  and  call  for  no  special  mention.  They  are 
traversed  by  sflls  of  foliated  epidiorite  and  dykes  of  pink  un- 
foliated LTrauilo.  On  the  hillside  above  Corrlameh.  and  also  in 
the  river  to  tlie  soutli^east  of  it  pegmatite  veins,  oeeur,  apparently 
an  eastward  extension  of  the  large  veins  which  traverse  the 
flagstones  to  the  north-west  of  Glen  Cona. 
Mr.  R.  O.  The  tract  of  Daltadian  rocks  surveyed  last  vear  by  Mr.  R.  G. 
SjroiM.  Symes  embraced  the  islands  of  Lun^a,  Luing,  Torsay,  and  Slmna 
along  the  we.st  coast  of  Ari^yllshire.  Tbe  folloAvinq-  account  of  the 
work  has  been  drawn  up  by  Mb.  Peach,  who  supervised  the 
pro^n-ess  of  the  inappini;. 

Lunga,  the  most  westerly  of  these  Islands,  as  was  long  ago 
shown  by  MacCulix>ch,  is  almost  entirely  built  up  of  massive 
(^uartzite  and  siliceous  schists,  presuniabfy  the  northern  exten- 
sion of  the  Jura  and  Scarba  rocks.  Two  outcrops  of  iinpur* 
slate  of  no  economic  value  occur  on  the  cast  side  of  the  island, 
near  the  solitary  dwollinpf-bouse,  where  tliey  are  involved  with 
the  quartzite  in  the  system  of  isoclinal  folds  into  wliieh  the 
roi^ks  of  the  whole  island  have  been  tbrown.  The  long  axes  of 
the  folds  and  the  strike  of  the  strata  trend  nearly  north  and 
south,  while  all  the  beds  appear  to  dip  at  high  angles  towards 
the  east  Trials  have  been  made  to  work  the  slate,  out  without 
success. 


•  Snmmcuy  of  Proffrei$  for  18&R»  p.  41.    +  /JtW. 
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Luing,  the  largest  of  these  islands,  lies  to  the  east  of  Lnn^a,  Mr.  R. 
and  is  only  separated  from  the  island  of  Seil  on  the  north  side  Symes. 
by  the  narrow  Cuan  Sound.  The  rocks  of  Luing  are,  therefore, 
»  ctmtamiiitioiL  of  iJiobo  of  Seil,  and  are  arranged  in  tlie  same 
m^stem  of  isoclinal  folds  so  well  seen  in  the  smte  quarries  of 
Easdale  and  elsewhere  in  SeiL  The  same  slate  and  limestone 
bands  also  occur  on  different  outcrops  over  an  area  of  country 
more 'than  two  miles  wide  measured  across  the  strike.  The 
greater  part  of  Luing  is,  therefore,  built  up  of  slates,  phyllites, 
and  limestone  bands.  Occasional  bauds  of  quartzite  and 
siUceous  schist  occur  in  the  middle  of  tlie  island,  and  a  massive 
sheet  or  sheets  of  epidiorite  are  folded  with  the  limestone  and 
phyllites  towards  the  east  of  the  island.  This  i^rneous  intercala* 
tion  is  probably  the  continuation,  through  the  island  of  Torsaj, 
of  the  shet't  which  ofvnpios  the  oontro  of  a  compound  sjTiHino 
on  tho  south-east  of  Soil.  Jf  this  1h>  tlie  case,  then  the  structure 
of  Lunga  isalso  that  of  a  compound  syncline.  In  the  north  of  the 
island  the  strike  of  the  beds  is  nearly  N.N.E.  and  S.S.W.,  but 
in  the  southern  half  nearly  N.  and  S.>  while  their  general  dip 
throughout  is  towards  the  east 

The  equivalents  of  the  rocks  of  Shuna  on  the  mainland 
appear  to  be  a  portion  of  the  Ardrishaig  phyllito  group,  the 
Black  slate  group,  and  the  Loch  Awe  lime'<t()TH'  The  workable 
slates  of  this  island  as  well  as  SeU  probably  belong  to  the  Black 
slate  or  liiack  schist  group. 

Torsay  and  Torsay  Beag  are  only  periodically  separate  islands, 
for  ihe  channel  between  them  ana  Lunga  is  laid  har»  at  low 
water.  The  same  rocks  and  structures  that  occur  on  the  west  of 
that  island  are  continued  through  them.  The  larger  of  the  two 
islets  is  made  up  chiefly  of  slates  and  phyllit*'^  tliat  form  the 
eastern  limit  of  the  compoimd  s^'Ticlinc  juFt  fVrrcd  to,  while 
Torsay  Beag,  lying  in  tlie  centre  of  the  trough,  is  formed  of 

Eortions  of  the  jirreat  epidiorite  sheet.  Thin  epicUorito  sills, 
owever,  occur  rolded  with  tlie  slates  and  phyllites  on  the 
eastern  shore  of  Torsay.  No  slates  have  been  worked  on  these 
islands. 

Shuna  lies  to  the  east  of  Lunga,  being  separated  from  it  bv 
Shuna  Sound,  which  is  more  than  half  a  mile  wide.  Nearly  all 
the  western  side  of  the  island  is  ct|Ujposed  of  calc-sericite  schist 
and  impiue  liiuestone  bands.  From  Shuna  Foint,  its  extreme 
southern  heatUand,  the  westei*n  shore  tor  some  distance  north- 
wards is  occupied  by  a  band  of  massive  quartzito,  which  at  a 
point  south  of  Shuna  Cottage  is  truncated  by  an  cast-west  fitult, 
with  a  downthrow  to  the  south.  The  remaining  part  of  the 
island  is  made  up  of  silvery  grey  phyllites  and  mien -schists. 
The  strike  of  the  beds  is  N  and  S.,  niul  their  dip  persistently 
eastwards,  which  causcii  its  calcareous  sericites  to  .seem  to 
underUe  the  grey  phylhtcs,  but  owing  to  isoclinal  folding  this 
appearance  may  be  deceptive.  Some  of  the  impure  limestones 
have  been  extensively  burned;  but  at  present  a  better  limestone 
is  imported  horn  Lismore.  The  rocks  of  Shuna  probably  belong 
to  the  Ardrishaig  phyllite  series  of  the  mainland. 
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Mr.  R.  G.  In  addition  to  the  grajnite  maaaes  that  occur  in  the  neighbour- 
Bftam,  hood  of  Kiknelfbrt,*  numerous  boeaee  of  granite  have  recently 
been  found  on  the  mass  of  high  ground  to  the  south,  of 
Glenmore.  Tlio  granite  of  these  masses  is  similar  in  character 
to  those  already  reported  on,  and  the  ahonition  round  about 
tliein  i(knitical.  The  L^raiiite  is  hne-gmined  with  prominent 
biotiie,  and,  as  Mr.  Tkall  has  ascertained,  with  augito  as  a 
constant  constituent.  Within  the  contact  zone  of  this  ix>ck  the 
ordinary  phyllites  are  converted  into  biotite-homfds,  vhile  in 
the  impure  calcareous  rocks  calc-dlicatea  have  been  developed, 
and  the  rocks  become  calc-siHcate-homfels,  in  some  cases 
pyroxene-epidote  hornfels.  Near  its  contact  with  the  schist  the 
piranite  passes  insensibly  into  a  roek  with  a  felsitic  pfroimd-mass. 
From  llie  mode  of  occnrronco  of  the  granite  masses  in  the  area 
south  and  west  of  Kilmelfort,  there  is  reason  to  believe  that  they 
form  part  of  one  gieat  intrusion  which  lias  Ufted  up  tlie  schists 
and  altered  them,  and  that  the  separate  areas  now  exposed  are 
due  to  unequal  denudation.  Further,  the  distribution  of 
hornfels  in  places  where  there  is  no  visible  granite  suggest  s  that 
granite  may  be  concciiled  bcnciith,  so  that  all  the  granite  bosses 
m  the  Kihnelfort  may  aetiinlly  be  connected  below  ground.  In 
tlie  Sumraar'/  for  JS!>1)  it  was  suggested  that  these  bosses  had 
probably  all  b*  en  derived  from  the  same  magma.  When  the  fact 
IS  considercd'thal  tlie  granite  edges  and  apophyses  pass  insensibly 
into  porphyrites  which  sometimes  exhibit  flow  structures,  U&ereis 
evidence  in  favour  of  the  opinion  that  the  granites  may  have 
been  connected  with  the  later  and  more  acid  phases  of  the  Lome 
volcanic  episode  (Lower  Old  Red  Sandstone),  and  that  the 
volcanic  roeks  of  that  rep'on  ascended  from  the  same  under- 
ground magnia  as  the  li^raiiites  and  porphyrites  now  rcfernnl  to. 
If  this  vieAV  be  eventually  established,  it  will  form  another 
interesting  addition  to  the  examples  of  granite  of  Old  Ued 
Sandstone  age,  and  to  the  association  of  granite  with  abundant 
volcanic  manifestations. 
Mr  Peach  Island  of  Jwm.— The  survey  of  t  his  island  was  finished  last 
wMif^"^*  year.  In  order  to  ensure  its  completion,  Mr.  Peach  took  a 
I  nwon.  por^iQi^  of  the  ground  on  tlie  west  side  of  the  extreme  north  end 
of  the  island,  and  he  has  furnished  the  following  abstract  of  his 
mapping: — The  same  rocks  which  constitute  the  rest  of  the 
island  to  the  south  are  continued  to  the  northern  extremity. 
Tliey  consist  of  partially  granulitised  quartzites  and  quartz-schists, 
whirl)  are  sometimes  pebbly  and  even  conglomeratic,  and 
phyllites,  some  of  whifdi  merge  into  the  quartz-schists  on  one 
side  and  into  pure  phyllites  on  the  other.  In  places  they  are 
calcareous  or  dolomitic,  and  nro  traversed  along  the  beddincf- 
plancs  with  woim  casts  identical  in  <  haiacLer  with  the  so-called 
**  Fueoids  "  found  in  beds  on  the  shores  of  Islay  and  in  the 
Cambrian  rocks  of  the  Xorth-W^cst  Highlands.  The  general 
assemblage  of  these  Jura  rocks  resembles  in  every  respect  that 
met  with  in  Islay,  from  the  basement  auartzite  up  to  and  includ- 
ing part  of  the  so-called  "  If  ucoid-beds. 

♦  iSummnry  o/ P)xtffress  for  1899,  p.  63 
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Over  the  whole  area  mapped  the  tocks  dip  persistently  Mr.  Peadi 
towards  the  &K  apd  £LS.£.,  at  angles  wymg  from  20'  wui^m, 

to  50°,  as  to  give  rise  to  tlie  (iceoptivc  appearance  of 
an  upward  succession  iroin  west  to  east ;  but  on  close  exainination 
thev  are  seen  to  be  folded  upon  themselves  iu  sharp  iscx-linal 
folds,  the  axes  of  which  have  a  north-easterly  and  soutn- westerly 
trend.  Several  distinct  lines  of  actual  disruption  or  thrust  planes 
with  nearly  the  same  inclination  as  the  strata,  are  well  exposed 
along  the  wave-swept  coast,  while  small  leveised  faults  may  be 
observed  in  ^eat  numbers.  The  phenomenon  of  "staving"  of 
the  beds  is  also  very  conspicuous,  especially  aiTion<^  the  overriding 
masses  tliat  have  Ix-cn  })ushed  aloni,'  the  thrust  planes.  The 
baud  of  "pipe  rock,"  first  observed  by  the  Dircr'tor-General  on 
the  shore  of  Glendcbadel  Bay,*  wa.s  traceii  inland  across  a  ncnin- 
sula  to  Glengarrisdale  Bay,  where,  in  addition  to  the  oroinary 
pipes/'  trumpet-shaped  pipes  were  found  to  occur  in  it.  The 
•*  pipe-rock"  hand  was  also  found  and  traced  alonj^  several  outcrops 
on  \  arious  strikes.  From  the  chanicti^r  of  this  band  and  its 
relations  to  the  rest  of  the  nuartzite  it  cannot  correspond  to  the 
"  pipe-rock  "  zone  found  in  islay,  but  must  be  an  integral  portion 
ot  the  basement  aiiartzito. 

The  iucoidal  calcareous  phyllites  are  best  seen  on  the  shore  at 
Bagh  IJamh  nan  Gall,  near  tne  cave  at  the  eastern  angle  of  the 
bay,  and  on  the  flat  shore  near  the  mouth  of  Allt  Loch  na 
Conaire,  where  the  matted  sandy  wonn-casts  weather  out  on  the 
surface  of  the  schist  in  fine  relief  This  IhkI  was  also  found  nn 
other  outcrops  l\irther  to  the  east.  A  calcareous  band,  in  whi  ;h 
no  worm-casts  were  observed,  occurs  near  tlie  outcrop  of  "  pipe- 
rock  '  in  Glendcbadel  Bay,  jind  probably  sup])lies  the  calcareous 
matter  for  the  stalactites  ibund  in  a  cave  near  its  outcrop.  A 
band  of  coDjflomerate  occurs  on  thb  shore  near  the  outcrop  of 
this  band  of  "  pipe-rock  "  in  Glengarrisdale  Bay,  the  matrix  of 
which  is  quartzite.  It  contams  pebbles  of  granite  like  those  in 
the  Quartzite  conglomerates  and  the  Port  Arkaig  conglomerate 
in  Tslay.  This  baTid  probably  corresponds  to  the  conglomerate 
found  m  Islay  near  tlie  top  of  the  basement  (juartzitc. 

From  these  facts  it  may  be  inferred,  with  strong  probability, 
that  this  part  of  Jura  is  built  up  of  the  basement  (quartzite,  and 
the  lower  part  of  die  **  fiicoid-oeds "  of  Islay,  spread  out  by 
ccmstantly  repeated  isoclinal  folds,  thrust  planes,  and  reversed 
&ults. 

On  the  e^t  of  the  island  at  Barnhill  and  Kinnachdrach,  and 
for  about  a  mile  north  as  far  as  Port  an  Braighann,  schists 
with  qiiartzose  and  calcareous  beds  and  some  few  small 
beds  of  blue  limestone  have  been  mapped  by  Mr.  S.  B. 
Wilkinson.  These  strata  are  similar  to  the  group  of  schists 
met  with  further  south  at  Ardmenish  and  Ardfin,  and  also 
in  the  island  of  Islay.  Due  east  of  Barnhill  House  the 
strata  become  conc^lomeratic ;  their  matrix  consists  of  highly 
caLoaxeous  material,  enclosing  pebbles  and  lenticular  masses  of 
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Mr.  FeiMh     various  rocks.    Those  enclosures  consist  of  blue,  violet,  and 
wnid^Mnn.    white  quartz,  limestoiio,  felspju,  grit,  and  possibh'^  granite.  Some 
of  the  lenticular  blocks  are  a  foot  long.    Unaenieath  these 
fragmentary  beds  lie  flaggy  quartsose  grits  and  highly*pu€kered 
black  slates  with  small  quartzite  bands. 

From  the  nature  of  the  materials,  the  constant  alternations  of 
the  lieds,  and  the  coiuinuous  easterly  dip,  the  western  and 
northern  sides  of  the  north  end  of  Jura  are  remarkably  bold, 
rising  abruptly  by  a  succession  of  cliffs  to  heights  of  from  (>00 
to  1,100  feet  within  a  mile  or  so  of  the  shore.  The  hiiis  and 
clifib  are  fixrther  trenched  by  glens  and  steep-walled  sbuHmh, 
along  which  the  streams  make  meir  way  to  the  sea.  Almost 
eveiy  one  of  these  trenches,  as  well  as  the  indentations  on  the 
western  shore,  corresponds  to  a  weathered-out  dyke  of  igneous 
rock  or  shattered  f;iuft-line. 

The  oldest  of  the  intrusive  igneous  rocks  are  basic  dykes  now 
in  the  ('ondition  of  epidiorit-es.  many  of  which  have  been  traced 
throughout  the  ground  surveyed  last  year.  1  or  the  most  part 
they  naye  a  general  N.  and  S.  course,  but  constantly  giye  off 
branches  which  mav  reunite  with  the  parent  dyke  or  cross 
obliquely  from  one  dyke  to  another.  One  example  was  traced 
across  the  area  at  nearly  right  angles  to  the  general  trend. 
These  epidiorite  dykes  occupy  more  or  vertical  fissures 
which  must  have  been  formed  after  the  eorru^ation  and  foliation 
of  the  quartzitc.  Their  material  is  tint-gramed,  more  or  less 
foliated  near  the  niargui  and  coarser  and  unioliated  in  the 
interior,  but  the  fekpars  are  now  represented  by  saussuiitic 
f^gg^^g^^^-*^'  fro™  their  light  glauootis  green  001010*  it  may  be 
inferred  that  they  probably  contain  a  considmble  amount  of 
chlorite.  The  foliation  near  their  edges  is  evidently  due  to  motion 
after  consolidation. 

This  ancient  system  of  dykes  is  cut  by  sills  and  dykes  of 
unfoiiated  lamprophyre  wliicli  may  be  seen  on  the  .shores  and  in 
the  cliff's  overhangmg  Glentrosdale  Bay  and  B^igh  Uamh  Mohr, 
Beinn  nan  CapulL  Both  of  these  series  of  i^eous  rocks  are  in 
turn  cut  by  dykes  of  olivine-basalt  and  dolente,  which  occur  in 
considerable  numbers,  and  have  a  trend  from  E.N.E.  to  W.S.W. 
Two  large  dolcrito  dykes  arc  traceable  right  across  the  island  from 
shore  to  shore.  The  a<xe  ot  the  e]>idiontes  is  unknown,  though 
it  must  be  later  than  the  general  plication  and  foliation  of  tne 
quartzitcs  and  schists.  The  lamprcjtpliyres  may  be  connected 
with  the  protrusion  of  the  great  granite  masses  on  the 
opposite  mamland,  and  may  thus  belong  to  the  time  of  the  Lower 
Cud  Bed  Sandstone,  while  the  basalts  and  dolerites  no  doubt 
fonn  part  of  the  abundant  records  of  Tertiary  volcanic  action  in 
the  West  ot  Scotland 
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Silurian. 

WicKLOW  AND  Wexford. 

The  revision  of  the  Silurian  tracts  of  Counties  Wicklow  and 
WezfDrd,  which  was  resumed  last  year  by  Messrs.  Egan  and  JJ^J^. 
McHenrt,  was  completed  before  the  end  of  the  working  season. 
Mr  Egan's  illness  prevented  him  from  continuing  in  the  field 
after  the  beginning,  and  his  subsequent  death  has  deprived  the 
Survey  of  the  report  which  he  would  have  furnished  of  tlie  recent 
inapomg.  The  following  notes  are  condensed  from  the  details 
supDlied  by  Mb.  McHenry. 

The  conclusions  formed  in  previous  years  as  to  the  nature 
of  the  so-called  lavas  and  turn  in  this  re^on  were  generally 
confirmed  by  the  revision  of  the  remaining  portions  of  the 
ground  last  year.  The  rocks  represented  on  the  published 
maps  as  contemporaneous  diorites,  felstones^  and  ashes 
fippoar  to  be,  at  least  in  the  great  majority  of  cases,  of  tnily 
intrusive  character.  In  tlie  case  of  the  fraf'mentarv  masses  the 
rosemblanco  to  agglomerate  and  asli  is  regarded  as  Ifirj^ely  due  to 
crushing  by  eartn-movements,  while  the  rocks  lav  deep  below 
the  sur£c6  of  the  eartL  It  is  further  heUeved  that  both  the 
early  bask}  masses  and  the  later  acid  series  were  intruded 
amongst  the  sedunents  in  the  form  of  laccolites,  sills,  and  dykes. 
As  in  many  instances  the  felstones  pass  gradually  into  granites  of 
the  same  type  as  that  of  the  Ijciiister  mountain  range,  it  may  be 
inferred  that  these  rocks  helont^  to  the  same  system  of  intru- 
sion.s  as  the  Leinster  granite,  which  is  of  the  age  of  the  Old  Bed 
Sandstone. 

The  intrusive  sheets  examined  last  year,  wherein  this  passage 
is  most  apparent,  he  to  the  south-east  of  Ennisoorthy.  The 
stone  of  Vinegar  Hill  in  that  district  is  sometimes  brecciated, 
and  shades  gradually  southward  into  a  granitic  rock,  which,  on 

the  publi.shod  map,  has  been  classed  as  "  Elvan."  Again,  ten 
miles  to  the  south-west  of  Knniscorthv,  the  hill  two  miles  south- 
w^t  of  Chapel  Rail  Station  shows  a  central  portion  of  the 
laccolite  to  be  granite,  which  merges  outwards  all  round  into  a 
feledte.  Still  mrther  south-west  (Sheet  168)  the  add  mass  of 
GBirickbume  Hill  passes  from  a  central  granitic  core  into  a 
felsnathic  rook,  which  presents  flow  and  spherulitic  structures,  as 
well  as  considerable  breociation.  At  Knoekcarroll  (Sheet  168) 
another  oxamph;  of  the  gradation  from  a  granitic  into  a  felsitic 
rock  is  to  he  seen.  The  felsitic  masses  show  more  or  less  defor- 
mation or  hreceiation*  wlu'r(>  tlie  cnishincr  is  most  evident 
Innumerable  included  portions  of  indurated  sedimentary  mate- 
rials, sometimes  fossiliferous,  have  been  caught  up  in  them. 
These  inclusions  vary  in  size  from  masses  half  a  mile  long  down 
to  the  smallest  particles,  the  larger  examples  having  generally  a 
lenticular  form,  and  being  arranged  parallel  to  the  seneral  stnke 
and  crush-line  zniK-s  of  the  country.  Many  small  m'kes  mapped 
as  "el vans"  occur  in  the  vicinity  of  both  the  larger  ieisitic 
masses  and  the  granite. 

*  Summary     Progreu  for  1890,  p.  179. 
4081  Bii 


Digitized  by  Google 


62 


PIELD-WOBK. 


Mr.  Egan  lirocciatioii  lias  taken  place  lu  a  cuusiiderable  exleiit  in 
iif*ii^^^'  felsitic  bands,  notahly   in   the  Tara  Hill   mass,   to  the 

loHoiuy.     in,rth-east  of  Gore)^,  ami  in  iho  large  knoll  lo  Uio  W.S.W. 

of  Bftllycanew  (Sheet  149).  It  is  displayed  in  many  places 
in  tiie  Enniscorthy  area,  and  further  southwards  (Sheets 
168  and  1C9).  Fine  examples  may  be  seen  in  Carrickbume  Hill, 
where  the  hroken-up  felsidc  fmginonts  exhibit  flow-lines,  and 
are  onvcloiied  in  a  matrix  shnwinir  sphenilitic  structure.  Speci- 
mens of  all  ilu  sc  rock -varieties  wore  coUecUxl,  but  have  yet  to 
bo  exaniin«'d  and  re[)(irtcd  on. 

The  revision  uf  the  Silurian  areas  hi  the  eountios  of  Wicklow 
and  Wexford  has  thus  shown  that  the  rocks  represented  on  the 
published  maps  as  felstone-lavas  are  in  large  measure  intrusiTe 
sheets,  and  that  the  so-called  "  greenstonc-ash  "  consists  of  more 
basic  dykes  and  sills,  which  have  acquired  a  fissile  or  schistose 
structure  owinp:  to  intense  deformation.  A  revision  of  the  map- 
ping of  the  igneous  rocks  of  tills  region  woidd  thus  greatly 
reduce  the  number  of  rookie  of  truly  volcanic  origin.  That  sucli 
rocks,  however,  exist  in  the  Silurian  series  of  this  part  of  Ireland 
appears  to  he  sufficiently  established.  Thus,  on  the  sea  coast 
north  of  Courtown  (Sheet  149),  between  Duifcarrick  and  Bally- 
money  Fishery,  bedded  tufls  are  well  exposed.  The  Director- 
General,  after  having  visited  the  locality  in  two  successive  years, 
mado  the  following  notes  on  this  coast-section: — 
TH^eetoT'  •  "  In  again  travi  ising  the  DutVcarrick  shore  from  south  to 
U«:B«n].  north  1  was  oneo  more  struck  by  the  evidently  intrusive 
character  of  the  felsites  at  the  south  end  of  the  sect  ion.  These 
rocks  are  not  uniform  in  texture,  some  parts  being  close-grained 
and  flinty,  others  more  granular-crystalline,  while  certam  pale 
decomposing  portions  show  a  porpbyritic  structure^  As  thev  are 
traced  nortliwards,  an  inereasuig  niunher  of  fragments  of  black 
and  gi'cy  shale  arc  seen  to  have  been  caught  up  in  th^ni.  Those 
cnclosun  s  are  Lrt  nerally  arranged  j>nr;>1lel  with  the  jlant  s  of  rude 
cleavage  by  which  the  felsites  are  tra \ ersed.  Then  oome  liighly- 
inclinud  and  disturbed  lenticular  bands  of  grey  and  black  shale, 
much  compressed  and  drawn  out  between  the  felsite  intrusions!, 
and  succeeded  thereafter  by  thick  continuo\2S  bands  of  omilar 
shales.  The  black  shales  ha\  e  yielded  graptolites  which  prove  the 
strata  to  belong  to  the  Llandeilo  group.  A  little  north  oi  the  first 
thick  band  of  black  shale  tlieiu  conies  a  irroup  of  grey  shales  full 
of  lenticular  bands  and  lenticlcs  ot  brown  ferruginous  limestone, 
belonging  to  the  Bala  groujj.  The  distance  measured  across  the 
Strike  between  the  last  visible  exposure  of  the  black  shales  and 
the  first  observable  members  of  this  calcareous  series  is  27  yurd& 
This  interval  is  obscured  by  the  sand  of  the  beach.  At  the  most 
there  cannot  be  more  than  80  feet  of  strata  between  the  re- 
presentatives of  the  Llandeilo  and  Bala  sub-divisions,  but  the 
relations  of  the  two  groups  arc  unfortunately  concealed. 

"  The  bedding  of  the  Bala  gi-ouj),  owing  no  doubt  to  the  greater 
diversity  of  the  straUi,  is  uiore  distinct  than  that  of  the  black 
shales.  It  can  be  seen  to  imdulate  towards  the  south-east  at 
angles  of  35  dog.  and  upwards.   But  the  calcareous  strata  have 
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been  intensely  cleaved,  the  planes  of  cleavage  being  nearly  Director- 
vertical  and  running  in  an  E.  and  W.  direction.  Immediately  G«iilML 
beyond  tbeee  strata,  after  a  concealed  space  of  a  few  feet  by  wbicn 

the  relations  of  the  rocks  are  at  present  concealed  under  the 
accumulations  of  the  beach,  a  remarkable  brecciated  conglomerate 

makes  its  appearance  in  distinct  beds  which  dip  gently  towards 
N.E.,  that  is  away  fr  tTn  the  Bala  Limestone.  Tliis  fraL,'inentary 
series  of  strata  contains  al»un(lant  fragments  of  limestotie,  and 
also  rolled  shells  and  corals  from  that  rock,  and  pieces  of 
Uandeilo  black  shale.  It  has  been  so  intensely  deavea  that  the 
pebbles  have  often  be^  turned  round  so  as  even  to  stand  at 
right  angles  to  the  bedding.  The  matrix  is  a  fine  folsitic  material 
which  encloses  numerous  small  lapilli  of  felsite  and  other  i^eous 
rocks.  If  this  ni;Urix  has  not  been  derived  from  voleanic  dis- 
charges, it  must  at  least  have  resulted  from  the  degradation  of 
volcanic  roeks  exposed  to  aqueous  action.  The  r-nnglomerate 
or  breccia  passes  rapidly  upward  into  tine  grits  with  thin 
partings  of  sWe,  and  is  soon  succeeded  fiirther  north  upon  the 
shore  dt  Llandeilo  black  shales  and  ''ribboned  slates/'  wnich  are 
believed  to  belong  to  the  Arenig  division. 

"  These  conglomerates  and  grits  are  obviously  younger  than 
the  Bala  Lim^'stonp  They  may  form  the  base  of  some  1m tor 
member  of  the  ^^ilurian  series,  but  no  clue  has  yet  been  obtained 
a.*?  to  their  tnie  ago  and  stratii^n-apliie^il  |)osition.  Their  intense 
cleavage  shows  that  they  must  be  more  ancient  than  at  least  the 
later  movements  by  which  the  older  Paheozoic  rocks  of  this 
region  were  affected.  Not  improbably  they  may  eventually  be 
shown  to  be  of  Llandovery  a^,  marking,  |)erl»aps,  the  base  of 
the  Upper  Silurian  series  in  this  part  of  Ireland.  If  it  can  be 
established  that  the  matrix  of  some  portions  of  the  eoni^domeratcs 
and  grits  is  of  the  nature  of  volcanic  tuH,  it  would  l»c  ;in  impor- 
tant addition  to  our  knowledge  of  the  history  of  volcanic  action 
in  this  region. 

"  Further  north  a  remarkably  interesting  section  is  exposed 
near  Ballymoney  Fishery.  A  coarse  agglomerate  rises  there  in 
a  bold  cliff  alon^  the  inner  matgin  of  the  beach.  Along  its 
southern  border  it  presents  a  noarnr  vertical  junction,  probably  a 
fault,  against  a  mass  of  black  Llandeilo  shales.  Entirely  un- 
stratifie*!,  it  is  rrowde<l  with  large  and  small  blocks  of  black 
sliale  and  various  telsitic  rocks.  Like  the  calcareous  conglome- 
rates and  grits  further  south,  it  has  been  greatly  cleaved,  and  the 
enclosed  fragments  tend  to  range  themselves  along  the  vertical 
or  highly  inclined  planes  of  cleavage.  This  rock  may  mark  an 
actu^  volcanic  neclc  or  orifice  of  eruption.  If  so,  its  origin  must 
at  least  date  back  from  an  earlier  time  than  that  in  whicli  the 
cleavage  of  the  rocks  was  eompleted.  it  ap]K  ars  to  pass  north- 
ward into  a  i^roup  of  well-hedded  breccias  and  tine  cj^rits,  which 
have  a  south-westerly  dip  at  angles  varying  froui  15  deg.  to 
40  deg.,  and  are  njade  up  of  alternately  coarser  and  finer  detrital 
materials.  Their  lughly  felspathic  composition  sumsts  that 
they  may  have  been  largely  derived  from  volcanic  discharges. 
Xk^  doava^  which  has  afifectod  them  is  similar  to,  though 
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gijjrty-  rather  less  stron<,'-  thnn  that  of  the  adjacent  rock&  In  this 
section  also  it  was  inipossihlc  to  tra^e  the  relations  of  these  tuff- 
like  strata  to  the  surrouiuiiug  Silurian  rocks.  At  present  the 
OTidence  strongly  noints  to  the  existence  here  of  true  vokamc 
rocks ;  later  probably  than  the  Bala  group,  but  older  than  the 
cleavage  of  the  district  As  the  deavase  does  not  affect  the 
Carboniferous  Limestone  of  Wick  low  and  Dublin,  we  may  infer 
that  the  voloanic  opisodo  occurred  during  some  part  of  the  long 
interval  between  I  lie  close  of  the  Lower  Silurian  and  the  com- 
menceiiicrit  of  tlie  ( "arboiiileruu.s  |)erio(l.  The  rocks  do  not 
resemble  those  of  the  Old  Red  Sandstone,  but  are  not  unlike 
some  parts  of  the  Upper  Silurian  formations.  It  may  be  added 
that  nothing  like  these  apparently  Tolcanic  stiata  of  the  coast 
has  been  detected  anywhere  in  the  interior  of  this  part  of 
Ireland." 

M^Henry  Completion  of  the  revision  of  Co.  Wexford,  and 

tod  Mr.  Sey.  ^i^^'^^^*^'  joined  up  boundary-lines  with  Mr.  Kilroe,  working 
inour.  northwards  from  Watorford,  Mr.  McHenry  was  employed  with 
Mr.  Seymour  in  the  re-examination  of  some  portions  of  the 
ground  north  of  Dublin,  especially  with  the  view  of  applying 
the  knowledge  acquired  during  the  recent  field-work  in  'V^iklow 
and  Wexford  to  the  inTesti&ation  of  the  rocks  shown  on  the 
published  map  (Sheet  91)  as  felstone  and  diorite.  The  result  of 
this  re-exammation  has  been  to  show  that  the  so-called 
"  felstones, '  and  some  of  those  classed  as  "  diorites,"  are  really 
composed  of  di'trital  materials  (arkoso).  As  these  coarse 
fragmental  suuia  always  occur  close  to  Lower  Silurian 
fbssiliferous  rocks,  they  may  not  impossibly  represent  the  base- 
ment beds  of  the  Upper  Silurian  form&tion»  especially  as  close 
to  them  fossiliferous  Upper  Silurian  strata  (Dandoveiy)  axe 
found  in  plneo.  This  conjecture  may  perhaps  strengthen  the 
inference  that  seems  to  be  indicated  by  the  shoi^^seoUon 
between  Duffcarrick  and  Hall\  money  above  "^described. 

In  the  ground  hitherto  manned  as' Lower  Silurian,  to  the  north- 
west of  Balbriggan,  fossils  of  \\  enlock  age  were  last  year  obtained. 
Another  traverse  was  made  by  Mr.  McUenry  of  the  higli 
ground  lying  to  the  W.  of  Newtownmount-Kennedy,  with  a 
view  to  determine  to  what  extent  the  "  green  grits  and  slates"  of 
the  publish od  maps  were  of  sedimentary  origin.  From  the 
examination  of  a  limited  area  it  would  appear  that  theee  rocks 
are  mainly  basic  igneous  masses  of  andesitic  types  (cakj* 
diabase). 

Towards  the  close  of  the  sca,son,  Mr.  McHenry  rtkI  Mr. 
Setmoub  visited  the  dyke-region  of  Co.  Down  for  the  purpose  of 
detemiining  the  relative  extent  of  the  basic  and  add  intrusions 
m  that  part  of  Ireland.  A  detailed  account  the  petro- 
graphical  results  prepared  by  Mr.  Seymoub  will  be  found  at 
p.  ICI. 

Counties  Kilkenny,  Waterford,  and  Wbxiord. 

^®  ^vision  of  the  Silurian  tracts  of  the  extreni-  south  of 
Ireland  has  been  completed  by  Mr.  Kilroe,  who  ha^  jomed  up 


Hv.  J.K 
Kilroe. 
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his  boundary-lines  with  those  tzaced  southward  by  Mb.  McHbnet.  Mr.  J, 
In  regard  to  the  sedimeataiy  rocks,  ho  reports  that  west  of  the  Kilnt. 

Barrow  in  Kilkennj  they  are  almost  destitute  of  fos^i Is  Only  a  few 
slondor  iron-stained  stems  and  fiicoid  markinc;^  ha\  o  been  fmiiid 
in  the  fresh  rock  of  tlie  sections  laid  open  in  the  cutting^s  of  the 
extension  railway  now  being  made  from  New  Ross  to  Waterford. 
In  Wexford,  Mr.  Clakk  confirmed  the  occurrence  of  fossils  in 
some  localities  in  the  vicinity  of  Duncannon  and  Arthurstown 
where  they  were  formerly  ohtamed,  and  disooTered  a  new 
locality^  three  miles  west  of  Wellington  Bridge  (Sheet  169),  near 
Ballinniane  House.  It  would  appear  that  a  zone  of  Lower 
rocks  strikes  north-eastwards  from  Duncannon  ;  and  that  another 
zone  characterised  by  a  sonunvhat  hipfher  facie*?  of  fossils  extelids 
from  liuilyhack  (Sheet  l(i^s)  towards  ]^iirk(/stouni  Cross  Roads. 
At  Waterford,  the  dark  gray  iilale  and  grit  series  of  Gibbett  Hill 
has  yielded  double  graptoiites  of  Bala  ago ;  and,  aoeoitCng  to 
the  lists  published  in  the  Surrey  Memoir,  and  more  recently  by 
Mr.  CSowfer  Reed,  the  strata  of  the  well-known  locality  of 
Raheen  near  Newton  Head  on  the  Barrow  Estuary,  are  of  the 
same  age. 

It  is  probable  that  southward  from  the  strike  lino  of  the 
Silurian  strata,  running  ea»st  by  north  fro?n  Waterford  across  to 
the  Old  Red  Sandstone,  and  on  to  Duncannon  in  Wexford,  Baia 
rocks  prevail — ^possibly  to  the  exclusion  of  other  divisions  of  the 
Silurian  series.  No  strata  possessing  the  usual  characteristics  of 
the  Lbndeilo  group  have  been  met  wim  within  the  zone.  Black  slate 
occurs  in  many  places  in  the  district,  but  without  fossil  evidence 
it  camiot  be  shown  to  be  lower  than  the  Bala  cjToup,  which  in 
this  region  inchides  much  black  slate  containing  Bala  fossils. 
Graptoiites  of  tlie  species  G.  Hisingeri  are  reported  to  have 
been  found  in  the  dark  gray  slate  a  little  nortn  of  Bagginbun 
(Slmt  180)*,  but  recent  re-ezamination  has  &iled  to  confirm 
this  statement,  and  no  means  now  exist  of  verifying  the  deter- 
mination of  thf]  species. 

Two  small  inliers  of  Silurian  strata,  snrroiuKled  by  Old  Rod 
Sandstone,  occur  to  th*'  south  and  south-west  ot  MuUinavat. 
They  consist  of  green,  greenish -i^nay,  and  dark  gray  slates  and 
grits,  which  so  far  have  not  yicltlcd  any  fossils.  The  grits 
contain  a  ^ood  deal  of  felsitic  matter,  anci  it  is  worth  noting 
that  adjoinmg  the  basic  igneous  mass,  shown  in  tho  Rathkioraii 
inlier,  lies  a  breccia  of  igneous  materials,  which  does  not  seem  to 
be  £a.ult  rock.  This  rock  shows  a  structure  which  resembles 
bedding,  but  its  exact  relation  to  the  igneous  mass  has  not  been 
determined.  The  latter  is  in  parts  vesicular.  Round  the  larger 
bosses  of  granite  where  the  Silurian  grits  and  shales  have 
undergone  alteration,  the  development  of  mica  becomes  well- 
umrked  as  the  strata  are  traced  towards  the  igneous  rock. 
Spotted  schist  has  been  noticed  at  a  few  points  within  the 
metamorphic  fringe.  Schist,  with  fairly  well-iornied  crystals  of 
chiastolite,  occurs  on  the  high  road  at  Brownsford,  and  at  the 
fiurmyard  of  Newgrove  House,  south-east  of  Inistiogc 

•  Memoir  an  Sh«€to  160,  170,  180,  181,      41  5d. 
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Mr.  J.  K.  During  the  revision  of  the  Silurian  tracts  of  this  part  of 
Kilroa.  Ireland,  as  in  the  regions  further  to  the  north,  advantage  has 
been  taken  of  the  opportunity  to  re-examine  the  igneous  rocks 
which  play  so  largo  a  mrt  in  the  geological  structure  of  County 
Watertora.  The  results  of  this  rc-cxfimination  have  been  briefly 
stated  in  previous  Summiiries  of  P?v»^/?v\s-,s.  The  work  of  last 
year  has  coutinuod  the  results  alreiidy  obtained.  There  can  be 
no  doubt  that  here,  as  in  Wexford  and  Wicklow,  many  of  the 
rocks  which  have  been  mapped  as  felstone-lavas  are  really  intra> 
sive  boflfies  and  sills,  and  that  some  at  least  of  the  asbes  "  are 
not  tuffs,  but  crushed  andesites  or  felsites.  At  the  same  time 
clear  evidence  can  be  found  that  true  andesitic  and  felsitic  lavas 
and  tnfTs  are  intercalated  in  the  Lower  Silurian  series  of 
Watei  t<  ird. 

Reft  rtuice  was  made  in  the  Suvivmry  of  Progress  for  1899  to 
the  green  grits  and  conglomerates  which  overUe  and  are  partly 
made  up  of fragments  of  the  andesites  that  occur  at  6allys<aBnlon 
Lpugh.  Some  of  the  coarser  sediments,  such  for  instance  as 
those  at  CuUen  Castle,  are  probably  volcanic  agglomerates  that 
may  mark  some  of  the  volcanic  vents  of  the  time.  Similar 
prof'Ti  fossiliferous  grits  and  slates  occur  at  Knockmahon  and 
along  the  coast  to  Ballydowane  Bay.  The  occurrence  of  these 
rocks,  composed  in  large  measure  of  volcanic  detritus,  yet  con- 
taining undoubted  Bala  fossils,  points  to  volcanic  action,  probably 
on  an  extensive  scale  in  this  part  of  Ireland,  during  the  deposition 
of  the  Bala  di\Tsion  of  the  Suurian  system.  Further  interesting 
corroboration  of  this  conclusion  was  obtained  by  the  Director- 
Genersd.  who  supplies  \ho  fnllowing  notes  of  his  observa- 
tions along  the  coa.st-liue  (luring  his  tour  of  inspection  last  year. 
Director-  *'  The  rocks  on  tin?  sliore  at  Knockmahon  consist  of  tine  ^)urplo 
General.      and  green  grits,  with  corals,  braehiopotls,  and  fragmentary  lo&sils. 

They  rest  on  the  uneven  siu'&ce  oi  an  amygdaloidal  and  nodular 
rock,  probably  an  andesite,  which  may  represent  one  of  the  lavas 
of  BsSa  time.  Some  of  these  fragmental  strata  closely  resemble 
the  remarkable  breccias  which  have  been  described  as  occurrii^ 
near  Dunhill  Bridi^c,  save  that  they  are  crowded  with  well-pre" 
served  fossils  which  are  absent  in  the  Dunhill  breccias. 

*'  Much  clearer  in  its  evidence  is  the  section  exposed  at  the 
base  oi  the  cliff  on  the  western  side  of  the  little  bay,  immediately 
to  the  west  of  Bunmahon  Head,  There  an  augite-andesite  rises 
from  the  beach,  and  displays  a  characteristic  development  of  the 
ellipsoidal  or  pillow-shape  structure  so  characteristic  of  many 
basic  and  intermediate  lavas  of  Palaeozoic  and  later  periods. 
The  ellipsoids  are  irn^i^ularly  ovoid  in  shape,  and  van,'  from  a 
cou])le  of  inches  to  two  or  tliree  feet  in  diameter.  Many  of  them 
show  a  linely  vesicular  external  layer  or  shell.  In  the  inter-, 
spaces  between  them,  to  a  depth  of  at  least  three  feet  from  the 
upper  surface  of  the  lava,  one  sediment  has  descended  from 
aoove.  This  matxirial  has  solidified  into  a  compact  felsite-like 
substance,  in  which  tiraces  of  stmtification  may  he  detected.  It 
has  evidently  been  washed  from  above  at  the  time  when  the 
^va  lay  under  water  and  presented  a  surface  qi  elliptic^}  blocks^ 
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either  loose  or  only  slightly  attached  to  eiirh  other.  Ahovp  the  Director-' 
andesite  comes  a  thick  series  of  well-bedded  volcanic  grits  hke  <^ener*L 
those  of  Knockmahon.  The  stratification  is  well  shown  by  the 
parallel  stripes  of  darker  and  lighter  tint  up  the  hce  of  the  cliff, 
the  inclination  of  the  strata  being  towards  north-west  at  15  deg. 
Some  of  the  more  flinty  hands  correspond  with  the  felsito-like 
material  that  has  filled  up  the  interspaces  between  the  ellipsoids 
of  the  underlying  lava. 

"  The  geological  record  revealed  in  this  section  appears 
to  me  to  be  of  the  highest  interest  in  regard  to  the  interpreta- 
tion of  the  whole  volcanic  history  of  this  region.  It  proves  the 
existence  of  a  true  lava  coTered  by  fine  tufls  and  volcanic  grits 
oontemponneously  associated  with  the  Bala  rocks  of  the  coast 
I  was  particularlv  struck  with  the  fdsitic  aspect  of  some  of  the 
finer  bands  in  this  series  of  sediments,  and  with  the  deceptive 
resemblance  to  intnisive  veins  presented  by  the  similar  mntfrial 
between  the  lava-ellipsoids.  This  material  refilled  some  of  the 
finer  and  apparently  lelsitic  portions  of  the  agglomerates  further 
east,  which  here  and  there  invade  the  surrounding  rocks.   In  the 

.  present  instance  there  could  he  no  doubt  of  its  clastic  origin,  and 
one  could  not  but  suspect  that  some  at  least  of  the  agglomerates 
between  Knockmahon  nd  Tramore  may  after  all,  notwithstand- 
ing the  strikingly  felsitic  character  of  their  matrix,  be  pyroclastic 
rocks,  RUi]  not  telsitos  brecciated  in  sifu.  For  the  purpose  of 
testing  this  question  by  the  help  of  the  nii<!roscopG  1  requested 
Mr.  Seymour,  who  a<  ('ompanied  Mr.  Kilroe  and  myself  in 
this  visit,  to  have  some  thin  slices  cut  from  the  most  llinty 
parts  of  the  fine  material  filling  up  the  interspaces  in  the 
Bunmahon  andesite,  and  to  compare  it  with  the  fine  matrix  of 
some  of  the  agglomerates  further  east.  He  has  supplied  the 
following  report  of  his  examination: — 'The  yellowish-grey 
bandcfl  rork  tilling  up  the  interstices  in  the  "  pillow  lava  "  W.  of 
Bunmahon  Head  and  reirnlarly  stratified  on  top  of  it,  is  in 
section  a  typical,  fine-grained  tutt*.  The  base,  tnough  almost 
felsitic  in  places,  is  certainl)  fragmental,  and  is  composed  of  the 
very  finest  felsitic  (devitnfied  glass)  particles,  the  clastic  origin 
of  which  is,  however,  more  apparent  as  the  size  incrt^es. 

.  It  contains  numerous  fragments  of  quartz,  some  of  them 
containing  glass- inclusions,  and  many  of  them  showing  con- 
choidal  fracture.  A  few  fairly  basic  piagioclases  occur,  and  are 
probably  derived  from  the  lireaking  ii})  by  volcanic  explosions 
of  a  rock  similar  to  the  uiulcr-lying  lava.  A  few  pieces  of  a 
flaggy  devitritied  felsitc  occur  in  the  section,  also  some  greenisli 
patenes  of  chloride  matter.  The  rock  is,  on  the  whole,  decidedly 
acid  in  composition.  It  is  practically  identical  in  every  way 
with  the  fine-grained  matrix  of  the  Dunhill  tuff,  and  compares 
very  closely  with  the  bnso  of  the  acrgloiueratic  rock  near  Sheep 
Island.*  That  rock  is  pyroclastic,  and  its  matrix  is  in  places 
very  like  that  of  the  rocli  from  Bunmahon.'" 

Another  striking  series  of  dark  green  volcanic  grits  occurs  Mr,  Ki)rue. 
5  miles  to  the  north-west  of  Tramore,  in  the  north-western 

■■•■<■'»-- —      —   —       '  ■  '  ^ 

1^  ike  Hummartf  o/^ro^pr$9  for        p  80. 
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.  Kilroe.  portion  of  Sheet  179.  The  grits  contain  nniuerous  fragments  of 
tight  gray  felaite,  many  of  which  are  rounded,  and  in  &;eneral 
showing  flow  stracture,  embedded  in  a  clastic  matrix  wnieh  is 
often  very  compact  in  teztura  Bedding  is  seldom  to  be 
observed,  though  a  more  or  less  perfect  cleaYage  trayersing  the 
mass  gives  the  appearance  of  strati Hoation.  Tnis  scries  seems 
to  be  invaded  by  tne  fclsite  which  bounds  it  eastward,  and  possibly 
also  by  that  which  ImmiikIr  it  on  the  N.  and  S.    Similar  green 

frits  stretch  north -eastward  from  Ballyiianiona  towards 
[ount  Druid  (Sheet  178),  near  to  which  the  li.ii^mental  rocks 
are  associated  with  a  yesicular  basic  mass.  Fragmental  rocks  of 
the  same  character  appear  on  each  side  of  the  Barrow  at 
Ballinlaw  Feny,  N.  of  the  junction  of  the  Barrow  and  the 
Suir. 

An  interesting  section  has  long  beon  known  to  be  exposed 
on  the  coast  of  VVaterford  Harliour,  at  Jialieen,  near  Newtown 
Head,  where  the  best  succession  of  volcanic  rocks  in  ihe  district 
is  associated  with  fossiliferous  strata  of  Lower  Silurian  age  * 
These  rocks  comprise  spherulitic  and  flow^stnicture  felsites ;  gray 
tutFs  and  volcanic  grits,  and  dark  grey  sandy  fossiliferous  grits. 

The  horizon  in  the  Lower  Silurian  of  these  rocks  is  fixed  hy 
the  fossils  in  the  associated  grits.  Mr.  Cowper  Reed  in  his 
paper  cited  below  appears  to  ascribe  th*^  scries  to  Lower  Caradoc, 
placing  it  j U.St  alxn  e  the  J)ieiUHi><jra/ii  cs  zone  of  Wales.  He 
considers  also  that  local  facts  in  the  Walerford  area  justified  him 
in  placing  the  zone  mentioned,  and  consequently  the  Raheen 
rocks,  at  a  higher  horizon  than  the  Tramore  hmestone.  Mb. 
Kilroe,  however,  beeves  this  limestone  to  he  of  Bala  age,  and 
that  the  Raheen  series  stands  at  least  equally  high  in  the  fbrma- 
tion.  The  occurrence  of  limestone  and  calcareous  grit  similar  to 
tboseof  the  Tramore  series,  in  the  volcanic  succession  at  Newtown 
Head,  and  the  fact  that  a  sliglit  divergence  is  noticeable  between 
the  fossil  faeies  of  the  Tramore  and  that  of  the  Raheen  series, 
would  seem  to  indicate  (Jiatthe  latter  represents  a  higher  horizon 
than  the  former,  as  indeed  Mr.  Reed,  upon  other  grounds,  main- 
tains. If  this  be  so,  the  Rahoen  series  mieht  be  regarded  as 
belonging  to  the  Upper  Bala  (Caradoc)  period. 

On  the  Wi'xford  side  of  the  estuary  opposite  Clieek  Point,  and 
inland  four  miles  east  by  north,  near  Killesk  Cross  Hoads,  gray 
grits  are  assoiuated  with  fragmental  rocks  which  niav  be  true 
tuft's.  On  the  shore  of  Groat  Island  also  opposite  Cheek  toint  tuflf- 
like  rocks  occur  in  proximity  to  gray  grits,  with  beddii^ 
conformable  to  small  limestone  bands. 

The  true  lava-form  characters  of  the  sheets  seen  on  the  Raheen 
shore  may  be  taken  as  a  guide  in  the  interpretation  of  similar 
inland  rocks,  of  wbicli  the  relations  are  much  less  clearly  5?een. 
Thus  the  felsites  near  Duubrody  and  near  Waterford  with  tlow- 


*See  Survey  Memoirs,  Explanation  <>f  Shwt^  IC",  IC'^,  IT*?,  and  179. 
Ireland,  pp  25,  and  41.  The  iSectioii  hm  recently  beeu  Uescnbed  in  much 
more  detail  by  Mb.  P.  R.  Cowper  Reed,  Quart,  Jour,  €M.  Soc,  vol  ly. 
(1890X  7S1. 
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atraotuie  asd  firagmental  aooompsniniento  aie  piobablj  lava-  Ur.  Kitaoe. 
flows. 

Some  of  the  felsite  masses  in  South  Waterford  and  Wexford 
coiitain  detached  portions  of  hasic  material,  possibly  including 
fine  grained  Gjits.  This  may  especially  be  seen  in,  though  not 
limitcfl  to,  the  case  of  the  litj^lit  grt^enish-grey  felsiies  which  form 
the  ruggtid  track  extendini;^  I'roin  Siigarloaf  Iluck  (Slieet  liiH), 
south-westward  towards  Ballyphillips  (Sheet  179),  particularly  at 
SpoTthouse  and  some  50  yards  north-vest  of  the  j>omt  where  the 
roads  cross,  half  a  mfle  east  by  north  of  Shmganagh  Gross 
Roads.  These  fehdtes,  however,  are  not  very  (fistinguishable 
from  those  which  seem  to  be  earlier,  though,  on  the  whole,  they 
are  more  coarsely  crystalline  in  textura  If  they  are  classed 
amongst  the  youngest  acid  rocks  in  the  region,  they  uiay  corre- 
spond in  age  with  those  whicli  pass  into  granite  and  "  elvanite  " 
near  Mount  Druid,  aud  on  the  cast  side  of  the  Barrow  (Sheet  1G8). 

Besides  a  nanowihand  of  granite  which  extends  from  Mount 
Druid  north-eastward,  and  resembles  a  fine-grained  variety  of 
that  of  the  Dublin  and  Wicklow  range,  a  few  granite  protrusions 
of  probably  the  same  a^e  appear  in  south-west  Wexford,  and  at 
Rochestown  in  south  Kilkenny.  At  the  last-named  point  the 
granite  is  quite  like  that  of  the  range;  while  the  few  small  out- 
crops east  of  Dunbrody  are  quartz-felspar  rocks  with  granitic 
texture,  uliuust  ii'  not  quite  devoid  of  iiiica.  liiey  are  repre- 
sented as  "  elvanite  "  (m  the  published  map. 

The  results  of  Mb.  Setmoub's  study  of  the  petrography  of  the 
Silurian  distriots  of  the  south-east  of  Irelana  will  be  found  on 
p.  165, 

In  conclusion,  it  may  be  repeated  here  that  tho  re  examina-  Director- 
tion  fit  the  igneous  rocks  which  has  been  made  during  the  ^«*>«'*1' 
revision  of  the  Silurian  tracts  of  the  south-east  of  Ireland  ha.s 
shown  that  considerable  modifications  will  Ik)  necessary  in  the 
representation  of  these  rocks  upon  the  published  maps.  In  par- 
ticular, the  areas  occupied  by  the  intrusive  masses  will  require 
to  be  considerably  extended,  and  those  of  the  lavas  and  tufts  to 
be  proportionately  reduced  ;  the  petrography  will  need  revision, 
many  of  the  so-called  "  felstones,"  for  example,  being  undon>>tedly 
andesites,  and  the  a|jglomerates  will  require  to  be  diseriminaU'df. 
But  such  a  thorough  revision  of  the  ground  would  really  amount 
to  a  re-survey,  and  would  lake  several  years  of  sedulous  work 
both  in  the  neld  and  in  the  laboratory.  In  view  of  the  other 
pressing  duties  of  the  Geological  Survey  of  Ireland,  it  has  not 
been  deemed  expedient  to  undertake  this  labour  for  the  present 
It  must  remain  as  one  of  the  tasks  of  future  years. 

Devonian. 
Cornwall. 

In  continuation  of  lus  previous  field-work,  Mb.  Ussbbb  hasMr.  w.a.  B. 
been  engaged  in  the  districts  of  Fillaton  and  Liskeard  in  East  U*"^* 
Oomwi^,  m  mapping  the  Middle  and  Upper  Devonian  rocks,  and 
the  Lower  and  Middle  Culm-measures. 
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Mr.W.  iLE.    The  discovery  made  in  1899  of  the  identity  of  the  Polperro 
Uidur.       beds  with  the  Dartmouth  slates  necessitated  the  insertion  of  a 
boundary  for  these  beds  throughout  the  Lower  Devonian  area^ 

This  boundary  had  been  drawn  in  the  Kingswear  promontory, 
where  it  h  well  marked,  during  the  survey  of  that  district,  and 
in  the  Looe  (list  ri(*t  in  1899 ;  but,  in  the  intervening  area,  it  is 
often  oxeecdin<'lv  indortnite  and  uncertain. 

Tlie  identilicdtion  of  the  fossilifcruiis  rocks  of  Looe,  in  Devon- 
shire, is  a  matter  of  still  greater  importance.  In  that  district  the 
strati^raphical  evidence  ibr  the  relative  position  of  these  rocks 
and  the  Polperro  beds  (or  Dartmouth  slates)  proved  to  be  incon- 
clusive. The  settlement  of  this  question  would  resolve  all  the 
doubts  entertained  as  to  the  RtratigTaphi<  ;(l  succession  and  the 
structure  of  tlie  Lower  Devonian  areas  thioughout  South  Devon 
and  Cornwall. 

Lithologically,  and  in  their  modes  ot  association  with  the  slates 
in  which  they  occur,  the  fossiliferous  rocks  of  Looe  have  their 

counterparts  in  the  Torquay  promontory,  in  the  Eingsbridge 
district,  and  in  other  parts  of  the  Lower  Devonian  area, 

PalseontoloL,neall\ ,  the  distorted  fossils  at  Looe  are  regarded  as 
Gedinnian  ;*  whilst  those  of  rorks  of  similar  lithological  typ»'s  in 
Devon,  belong  to  much  higher  horizons  in  the  Lower  Devonian, 
viz.,  Uppcir  and  Lower  Coblenzian.  Amongst  the  Looe  fossils 
identified  by  Davidson  are  Rhynchondla  pengellyana, 
Davidson,  and  SiHrlfer  priTnoftmB,  Steininger.  The  first 
named  Is  given  by  Sandberger,  with  six  otJier  fossils,  as 
occurring  only  in  the  Onychian  Sandstone  (the  base  of  the 
Lower  nevonian),  and  in  no  newer  subdivision  of  the  Lower 
Devonian.  Spirlfer  p?*/-//7rr'?'?/,<;  is  g-iven  as  common  to  the 
Onycliian  Samlstone  ttud  the  overlying  lihipidophyllen  or  Huns- 
riick-Schiefer. 

In  his  "  Supplement  to  the  British  Devonian  Brachiopoda," 
p.  4,  Davidaon,  referring  to  fossils  collected  by  the  Rbv.  G.  F. 
Wh  ID  BORNE  from  the  Xower  Devonian  beds  in  Saltern  Cove 
Kailway -cutting,  ob.sei"ved  : — "  T  thought  I  eoiild  recognise  among 
them  S])lrifei'a  Iwvicontd,  Bhynduyiulla  Fmi/rlJi/niiii ,  Le/ifa  na 
LooievHis,  Orthis  h  ipparionix."  The  strata  in  Saltern  Cove 
Railway-ciittini?  ai-o,  certainly,  above  the  I  )artmouth  slate  series, 
and  are  uuhesiuitirujly  regarded  as  a  part  of  the  Cockingtou 
beds  (Coblenzian).  The  fact  that  the  fossils  referred  to  in  the 
above  quotation  were  casts  would  equally  apply  to  the  original 
specimens  from  Looa  '  The  fossils  collected  in  the  Looe  district 
in  1899  were  sent  up  to  Jcrmyn  Street,  together  with  fossils 
from  Torquay  obtained  in  the  past  year.  Amongst  the  Looe 
fo.ssils  is  S/>irifer  jyrimii  r)ts. 

During  the  survey  of  the  Kingsbridge  area,  crushed  impressions 
of  Spirifors  resembling  S.  prlmivvuAi  were  obtained  at  Ringraore 


♦  Doubtfully  correlated  ))y  Sandbkrgfk  with  the  (irauwacko  of 
Mijiitigiiy  in  the  Anlcimes,  the  Kl»ipidopbyllvii  iSchiefer  of  the  Uunftriick, 
KifQl,a>i(l  Taunus  districts,  and  the  Siegen  grauwack^  of  Nassau.  JoMt 
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and  elsewhere.    At  Kiii»'inuro  a  large  eye  of  Phacops,  which  Dr,  Mr.  W.  A.  E. 
W(X)DVVARD  thinks  rrmy  belong  to  P.  Ferdinandi,  mm  also  I'ovmd.  U»her. 
These  fosfiik,  with  others,  from  rocks  in  Devon  and  Cornwall 
which  oomspond  in  character  with  the  Tarious  types  of  the 
foflsiUferous  rocks  of  the  Looe  district,  will  be  submitted  for 
examination  hy  the  Geological  Suryey  Falieontologist. 

As  regards  the  Torquay  promoiitor}',  p^reater  experience, 
ohtained  sinro  the  original  survey  in  1888,  has  enabled  Mr. 
UssHER  to  detect  an  imfaulted  junction  between  Middle  and 
Lower  Devonian  strata,  and  to  recognise  Lower  Devonian  types 
met  with  in  other  parts  of  the  area. 

In  the  south-west  of  Cornwall  Mk.  Wilkinson  has  mapped  Mr.  Wilkiii- 
the  sedimentary  rocks  between  Whitecross,  near  St  £rth,  to 
Leedstown.   These  strata  are  regarded  by  Mr.  Hill  as  belonging 
to  the  fourth  or  Mylor  subdivision  of  the  rocks  in  the  Falmouth 
district. 

In  continuation  of  the  work  of  previous  years,  Mr.  Hill  has  Mr.  Hill, 
pushed  westwards  the  survey  ot  the  area  enclosed  between 
Hehord  liiver,  Gerrans  Bay,  and  the  upper  estuaries  of  the  Fal, 
towards  the  metidliferous  districts,  of  which  Camborne  and 
Bedruth  form  the  pnncipal  mining  centres,  and  he  has  commenced 
the  examination  ot  the  mineral  tracts  themselTes. 

The  sedimentary  rocks  met  with  comprise  lithological 
divisions  the  broad  characteristics  of  which  have  been  sulHciently 
described  in  former  Sunnnaries.  Thev  consist  of  the  Portscatho, 
the  Falmouth,  and  the  Mylor  series.  The  igneous  rocks  include 
**  greenstones/*  mica-traps,  granite,  and  elvan. 

The  &ct  that  the  whole  of  this  area  contains  nothing  in  the 
nature  of  a  limestone,  as  well  as  the  apparent  absence  of  organic* 
remains,  become  easy  of  explanation  when  it  is  realised  that  the 
strata  form  only  a  thin  series  which  occupies  a  considerable 
breadth  of  country  nv.  ing  to  a  constant  repetition  by  mean."?  ot 
isocUnal  folds.  Be-sides  tne  evidence  of  sucu  plication,  whi^  h  is 
amply  demonstrated  by  the  results  of  the  systematic  mapping  of 
the  district,  ocular  demonstration  of  these  structures  may  some- 
times be  seen  in  natural  cliff  sections. 

The  occurrence  of  "greenstones"  in  this  district,  so  far  as  yet 
fllOTeyed,  is  limited  to  ground  between  Devoran  Creek  and  the 
eastern  bonndarv  of  the  Ppnr\Ti  granite.*  These  rocks  are 
generally  so  lar  decomposed,  ancf  the  s<'(  tions  so  mca^c,  that 
neither  their  mineral  composition  nor  their  relationship  to  the 
rocks  amongst  which  they  occur  can  be  satisfactorily  determined. 
OriffinaUv  they  were  probably  dolerites,  and  possibly  intrusive. 
One  band  of  tnem  remains  in  a  fresh  condition,  probably  owinj? 
to  itsoriginul  massive  chaiacter.  It  is  seen  at  Lower  Treluswefl 
and  other  localities.  It  is  about  60  yards  wide  and  follows  an 
horizon  parallel  to  the  boundary  of  the  granite,  from  which  it  is 
only  divided  at  Bumthouse  by  a  space  of  IdO  yards,  in  which 


♦  For  the  purpoeee  of  this  Report  the  large  nia8.s  nf  Lrmnite  o<^rupvinp  so 
much  of  the  Droad  tract  of  country  between  UeUruili,  iielatuii,  aiid  i^onrya 
irill  be  referred  to  under  this  deaignatioB. 
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Mr.  HOI.     aiiotiier  "  i^eenstono  "  of  tho  decomposing  type  common  to  tko 

district  may  be  ohscrvcil. 

in  petrographical  character  it  is  an  amphibolite,  which  at 

Bumtaoiue  is  ooaise  In  texture,  and  presenta  on  its  outer 
portion  a  compact  fine-grained  aspect  and  is  equally  fresh. 
Neither  the  coarse-grained  interior  nor  the  finer-gramed  margin 

exhibit  any  traces  of  foliation.  Between  Bumthouse  and 
Ponsanooth  the  l)an(l  is  qiiarri«'d  for  road  metal.  In  this  quarry 
the  rock  is  seen  to  bo  a  homogeneous  amphiboUte,  green  in 
colour,  being  made  uj)  almost  entirely  of  a  fibrous  hornlilende, 
the  individuals  of  which  often  attain  a  large  hizc,  and  the 
dystfd  &ces  occasionally  exhibit  a  bromsy  lustre.  The 
mass,  as  seen  in  the  auarry,  shows  no  schistosity  whateyer. 
Between  this  quarry  ana  the  Bumthouse  exposure  a  yariety  is 
seen  which  weathers  in  a  coarse  nodular  form,  and  in  which 
felspar  is  seen  to  be  intermixed  with  the  hornblende,  but  plays 
a  subordinate  |uirt  in  respect  to  that  mineral. 

At  Bumthouse  the  finer  grained  "greenstone"  has  also  been 

Suarried.  This  rock  occurs  about  90  yards  from  the  aniphi- 
oHte,  and  must  have  a  width  ,of  at  lesst  80  yards.  It  cannot 
be  many  yards  from  the  margin  of  the  granite.  This  mass  is 
in  a  highly  decomposed  coiuiition,  and  is  sheared  throughout. 
Its  relations  to  the  amphibolite  bands  are  not  clearly  visible.  Its 
position  in  the  field  woidd  naturally  surest  some  connection 
with  the  amphibolite.  l>nt  it  has  l>cen  entirely  crushed  down  by 
shearing  movements,  while  the  latter  has  been  to  all  appciirance 
unaffected.  While  the  massiveness  of  its  structure  .would 
sufficiently  protect  the  main  body  of  the  amphibolite,  it  is 
difficult  to  see  how  its  marginal  portions  oould  have  escaped 
those  processes  of  deformation  which  have  so  profoundly  modi- 
fied the  "  ffreenstone  "  tjand  adjoining.  The  study  of  the  tectonic 
features  of  the  district  has  certainly  shown  marked  differences 
of  behaviour  under  stress  between  rocks  which  are  homogeneous 
and  those  of  hetero^^eneoiis  character;  while  the  latter  have  been 
broken  down  the  former  have  remained  intact  The  suggestion 
may  be  offered  that  possibly  the  amphibolite,  which  is  composed 
almost  entirely  of  hornblende,  owes  its  immunity  to  this  cause, 
and  that  the  "greenstone"  which  is  broken  down,  bein^  composed, 
like  tho  other  sheared  varieties  of  the  district,  of  a  mmeralogical 
mixture  in  which  felspar  has  been  generally  an  importAnt  ingre- 
dient, owes  its  dulorination  to  its  heterogeneous  composition. 

It  may  lie  remarked  that  all  the  "  greenstone  "  oands  so  far 
mapped  m  the  district  are  found  in  the  Alylor  series,  and  that 
botn  the  bands  which  have  been  here  described  occur  in  the 
aureole  of  contact-alteration  which  encircles  the  granite 
and  to  which  allusion  will  be  made  later.  While  "  greenstones  ** 
are  associated  with  the  Mylor  series,  the  Portscatho  division 
contains  within  its  limits  an  assemblage  of  mica-traps,  which 
have  marked  resemblances  in  the  field  to  the  lampropnyres  that 
occur  amongst  the  schists  of  the  Scottish  Highlanos.  Tncy  have 
been  noted  exceptionally  in  the  Falmouth  series,  and  one  is  seen 
to  pierce  the  Nare  Point  conglomerate. 
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Although  these  mica-trap  sills  are  ever}^here  in  a  highly  Mr.  HIU. 
decomposed  condition,  they  arc  markedly  diffcrfTit  fr(»in  i\w 
*' jcrreeTistoncs."  Nothing  in  their  aj)}H'arance  suggests  mcta- 
morpliisin.  The  type  of  alteration  ^vhi(•h  they  have  luuitrgone 
is  rather  that  of  decomposiliou  under  atmospheric  inliuences. 
These  rdcks  present  a  rusty  brown  aspect  in  the  field,  and  are  so 
weathered  that  fresh  specimens  have  not  been  obtained,  and  they 
haye  not  yet  been  submitted  to  microscopic  examination.  They 
occur  as  sills  amongst  the  slates,  on  which  they  have  effected  a 
limited  amount  of  contact-alteration,  confined  to  indurating  and 
sometimes  com  erting  them  into  homfels  to  a  distance  oi  6  or 
9  inches  from  the  edge.  The  same  mass  wliit-h  lies  between  the 
strata  as  a  sill  may  suddenly  divert  its  course  and  behave  as  a 
dy  ke,  and  small  Yems  hare  been  discharged  from  them  into  the  ad- 
joining strata.  They  vary  from  a  foot  m  width  to  50  yards.  In 
many  instances  spheroidal  weathering  may  be  observed  among 
them,  cores  of  more  solid  material  being  encircled  by  concentric 
outer  layers  of  exfoliatin'^  inaterial.  Flow-structure  is  not 
uncommon,  being  cspeciaiiy  noticed  in  the  finer-grained 
marginal  portions.  In  some  rocks  exhibiting  How-structure  the 
spheroidal  cores  are  elongated  in  the  direction  of  flow,  while 
founded  inclusions  of  quartz  may  be  seen  with  their  long  axes 
in  a  corresponding  position.  Notwithstanding  the  adyanced 
state  of  decomposition,  the  ground  mass  of  these  rocks  can 
enerally  be  seen  to  consist  of  a  medium -grauied  admixture  of 
iotite  and  felspar,  while  inclusions  of  quartz  and  crystalline 
felspathic  rock  are  characteristic.  Inclusions  of  slate  are  also 
frequently  seen.  The  quartz  and  felspar-inclusions  vary  con- 
siderably both  in  size  and  shape.  The  quartz  lias  been  observed 
in  masses  as  lar^  as  9  inches,  which  grade  downwards  to  the 
smallest  dimensions.  The  inclusions  both  of  quartz  and 
ielspar  haye  often  been  perfectly  rounded,  while  in 
other  cases  they  have  a  brecciatL(I  appearance.  Some- 
times both  (j^uaitz  and  felspar  occur  in  perfectly  rectangular 
fragments.  liiese  rocks  vary  considerably  in  their  texture, 
some  being  as  coarse  as  large-drained  dolerites  Avhile  others 
assume  the  texture  of  basalt.  Tne  mica-traps  probably  yary  in 
addity ;  in  some  the  xmdecomposed  cores  seem  to  be  made  up 
altogether  of  felspar.  In  one  of  them  which  is  deeply  weathered 
and  contains  these  acid  cores,  the  mica  is  white,  probably 
due  to  bieacliing.  Although  quartz  is  so  prominent  as  included 
individuals,  it  does  not  a|)pear  to  enter  into  the  composition  of 
the  matrix.  In  the  laiLTt  st  and  coarsest  sill.nlthou^b  ihe  texture 
of  the  rock  is  tine  towards  the  margin,  the  biutite  crysUils  retain 
their  normal  dimensions. 

These  mica-traps  would  appear  to  haye  been  intruded  afber 
the  slates  had  been  deayed  but  before  the  cessation  of  the 
stresses,  which  have  acted  on  a  part  of  the  crust  sufficiently 
within  the  zone  of  fracture,  that  instead  of  the  strains  finding 
relief  in  a  system  of  fissures  more  or  less  divided,  the  mass  has 
been  everywhere  free  to  give  way,  so  that  the  entire  crust  is 
minutely  fractured  and  converted  on  a  large  scale  to  what  may 
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Mn  HiiL  be  termed  a  regional  breccia.  Consequently  these  rocks  occur  as 
discontinuous  patches,  and  cannot  bo  followed  for  more  than  a 
short  distance.   Some  of  the  joints  of  the  sills  are  parallel  to  the 

movement  planes  in  the  adjomin<^  slates,  and  there  is  a  tendency 
to  a  parallm  structure  corresponding  with  these  joints.  Many 
instances  may  bo  observed  where  the  minor  fanlts  in  the  slat^ 
have  also  affected  the  mica-traps  and  heaved  them.  These  rocks, 
besides  being  affected  by  fmctiires  subsequent  to  their  con- 
solidation, haye  sometimes  been  injected  intobrecciated  strata, so 
that  what  would  have  been  a  single  sill  is  represented  by  two  or 
three  discontmuous  veins.  MoreovL-r,  brecciation  has  continued 
after  the  consolidation  of  the  erupted  material,  the  slate  along 
tho  niarg-in  exhibitinp^  a  curious  zone  of  very  fine  brecciation 
which  has  been  hrotiglii  about  by  stress  acting  on  the  indurated 
margin  th^t  has  beeu  hardened  by  the  silL 
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^T^.  A  Tn  carrying  on  tho  Rur\'eyin^  of  the  South  Wales  Coalfield 

Strahan  and  it,  has  been  necessary  U)  m.'i]>  the  outcrops  of  tho  older  rocks 
Nr.  CwitnlJ.  ^i^i^.}^  fringe  the  Coal- Pleasures  to  the  north  and  south.  The 
district  on  the  north  side  in  Carmarthenshire,  which  has  been 
surveyed  bv  Mr.  Cantbhx,  comprises  the  summits  and  northern 
slopes  of  tne  Black  Mountains,  and  extends  from  the  Twrch 
Fechan  to  the  village  of  Trapp,  near  Llandeilo.  The  three  sub- 
divisions into  which  the  Old  Ked  Sandstone  was  separated  near 
Abergavenny  have  been  found  to  hold  good  also  in  the  area  now 
under  ezammation.   They  consist  in  ascending  order  of: — 

1.  The  Red  Marl  series,  which  includes  a  great  thickness 
of  red  marls,  frequently  hard  and  sandv,  with  occasional 
thin  beds  of  soft  micaceons  and  hard  gritty  sandstone  up 
to  10  feet  LU  tliicknoss  ^luny  of  the  marl-beds  contain  small 
calcareous  nodules,  someinnes  in  such  abundance  iy*  to  be- 
come comstones,  and  to  resemble  conglomerates.  Such  beds 
are  well  exposed  in  the  Sawdde»  and  are  to  be  seen  in 
numerous  brooks  between  Gwynfe  and  Trapp.  The  red 
marls  rest  on  the  green  micaceous  "  tilestones  "  or  upper- 
most group  of  the  Silurian  series,  and  themselves  contain 
Silurian  fossils  for  a  distance  of  5  or  6  feet  above  their  base. 

2.  The  rocks  which  constitute  the  main  mass  of  the  upper 
part  of  the  Old  Ked  Sandstone  include  at  their  base  a  series 
ol  pale-greou  and  dull-red  micaceous  sandstones  with  sub- 
ordinate marls  and  nodular  cornstones.  This  green  series 
forms  cascades  in  the  Sawdde  Fechan,  and  is  exposed  in 
the  Clydach,  but  especially  alon^  the  valley  of  the  Cennen. 
The  sandstones  have  been  quarned  occasionally  for  walHng, 
paving,  and  drain-tiles.  Upwards  the  green  rocks  pass  into 
a  considerable  thickness  ot  alternating  red  sandstones  and 
marU  which  form  the  greater  part  of  the  scarp-slope  of  the 


Digitized  by  Google 


OLD  RED  SANDSTONE, 


05 


Carmarthen  Fans.   About  50  feet  below  the  top  of  tiio  red  Mr.  A. 
fiandstones  there  is  a  maarked  conglomerate,  vhich  u  10  feet  f^^^^^^^iii 
thick  at  Cazeg  yr  Ogof,  and  consists  of  pebbles  of  vein-    •       ^  • 
quartz  and  pcde-ied  or  green  quartzite  imbedded  in  a  hard 

red  siliceous  matrix.  Tlie  pebbles  range  up  to  4 
inchas  in  length.  Tliis  concfloinoratn  and  the  red 
santlstonc  above  it  form  the  loni,^  dip-slopes  running 
southwanls  from  the  Fans  of  Brecon  and  Carmarthen,  but 
they  g^*aduaUy  disappear  westwards,  so  that  the  overlying 
subNoivision  or  Grey  Grits  rests  directly  on  the  beds 
below.  At  the  same  time  the  Old  Red  Sandstone  ceases  to 
form  the  predominating  scarp,  the  main  line  of  Fans  consist- 
ing of  Monntnin  Limestone  and  Millstone  Grit.  Whether 
the  disappearance  of  the  red  grits  and  conErlomerates  is  duo 
to  an  ovei'step  by  the  Grey  Grits,  or  to  thinning  out 
without  unconformity,  cannot  yet  bo  stated. 

3.  The  Grov  Grits  and  conglomerates  vary  from  (^  to 
30  feet  in  thickness.  The  lower  beds  are  usually  a  white 
conglomerate  charged  with  pebbles  of  white  vein-quartz 
ranging  up  to  nearly  3  inches  in  length.  Upwards  they 
pass  into  yellow  sandstones  and  sandy  shales  which  them- 
selves  merge  into  tlio  Lower  Limestone  Shales.  The  white 
conglomerate  clos<'ly  resembles  the  basement-beds  of  the 
Millstone  Grit.  Tliis  suV>di vision  is  exposed  on  Careg  yr 
Ogof,  on  tlic  Twrch  Fechan,  and  has  been  traced  without 
interruption  as  far  as  Trapp,  but  appears  to  be  thinning  in 
that  direction. 

Tho  Old  Ked  Sandstone  soulli  and  west  of  Gw^Tife  is 
traversed  by  several  folds  which  have  a  i^encral  direction 
of  W.  20  (leg. — 30  dvu.  S.,  and  are  therefore  piirallel  to  the  strike. 
One  of  these,  a  faulted  syncline,  throws  down  the  outlier  of 
Carfaoniierous  Limestone  known  as  Careg  Cennen  into  the  valley 
of  the  Cennen  some  distance  to  the  north  of  tlic  limestone- 
escarpment.  The  lowest  beds  of  the  Old  Ked  Sandstone, 
togetncr  with  the  Upper  Silurian  strata,  arc  vertical  or  nearly  so, 
and  high  dips  prevad  up  to  and  beyond  the  base  ot  the  Car- 
buniferons  rocks.  Meastn-enients  under  such  cireiuiistances  are 
difficult,  but  as  far  as  our  observations  go,  the  Old  Red  Sand- 
stone appears  to  be  thicker  along  its  northern  outcrop  than  at 
CardifT,  and  therefore  to  expand  in  the  direction  in  which  all 
the  Carboniferous  rocks  lose  thickness. 

Li  the  south   crop  the  Old  Red   Sandstone   has  been  Mr.  StrtliM 
examined  by  Mr.  TinnEM.\y  as  far  as  thr-  Avestcrn  margin  ofSSj/**"* 
Sheet    247.      He    hnds    no    satisfactory    section    showing  «"•■• 
the  sequence   into  the  Carboniferous  Limestone,  but  obtains 
evidence   of   overthrusting,   by  which  the  Old   Ked  strata 
appear  to  have  been  pushed  over  the  lunestone.  The  rook 
seen  is  a  yeiy  coarse  conglomerate,  with  an  abundance  of  pebbles 
of  white  and  pink  (juartz  and  some  other  materials.  The  general 
trend  of  the  anticline  by  which  it  is  brought  to  the  surface  is 
£.S.£.  and  W.N.  W.,  and  it  also  runs  through  Ce&i-y-bryn,  a  fine 
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Mr.  Strahan  ridge  rising  to  a  height  of  GOO  feet.  Iu  Three  CUflf  Bay  the  con- 
TiddMou.    g^^™^^^  ^  fiiulted  against  much-dolomitised  thin-bedded  lime- 

stones,  which  probably  lie  low  down  in  tho  limostonc-scries,  but 

above  ihe  Lower  limestone  Shales. 

Inverness-shire. 

Mr.  Uorae.  From  his  station  at  Daviot  Mr.  Hormb  was  in  a  &vouialde 
position  for  studying  and  mapping  the  base  of  the  Old  Bed  Sand- 
stone in  Strath  Nairn.  He  reports  that  the  l>asemont  of  tho  con- 
glomerate in  that  district  presents  remarkable  evidence  of  its 
derivation  from  the  crvstnfline  rocks  of  the  immediate  ncic^h- 
boiirhood.  To  the  north  of  Loch  J  )uut<'k'h;xig,  aud  near  its  out- 
let, where  the  muscovito-bioiite-^ueiss  is  largely  developed,  both 
the  maliix  and  the  included  blocks  of  the  conglomerate  have 
come  mainly  from  that  rock.  Ac^in,  further  down  the  valley  of 
the  Nairn,  west  oi  Mains  of  Faime,  the  conglomerate  is  chiefly 
composed  of  granitic  detritus.  Tho  larger  pebbles  consist  of 
porjmyritic  biotite-granite,  resembling  that  in  situ  on  Beinn  a* 
Bheurlaich,  two  miles  to  the  east,  which  forms  a  part  of  tho  Moy 
mass.  These  are  associated  with  small  subangular  blocks  of 
micro-granite,  porphyrite,  quartz-porphyry,  lamprophyre  and 
grauulilic  gneiss.  Tlie  matrix  is  a  coarse  arkose,  derived  pre- 
sumably from  tho  disintegration  of  granitic  rocks. 


Boss-shire. 

Mr  PfiMlb  The  mapping  of  the  older  rocks  iu  the  Eastern  part  of  Ross- 
shire  contmues  to  reveal  occasional  outliers  of  Old  Red  Sand- 
stone, which  prove  the  former  wide  extent  of  that  formation 
and  the  great  denudation  it  has  undergone.  Mr.  Peach  reports 
that  the  mass  of  coarse  breccia  which  caps  Ben  nan  Cabag.  north 
of  Loch  Luichurt.  jiartly  reported  upon  last  year  *  and  originally 
discovered  by  Mn.  Grssf  occupies  a  much  greater  area  than 
was  at  first  anticipated.  Two  smaller  outliers,  one  only  a 
few  square  yards  in  extent,  lie  between  the  Ben  nan  Cabag  out- 
Hcr  and  the  Black  Water.  A  third,  which  crosses  the  I31ack 
Water  in  line  with  these,  about  midway  between  Altquoich  and 
the  foot  of  Strath  Yaich,  may  possibly  be  a  tongue-liko 
extension  of  tho  larger  outlier  oi'  Meali  a  Ghrianain  lormerly 
noticed  by  Mr.  Gumn.^ 


Ca1THN£SS. 

Mr.  I'ewh  The  tract  of  Old  Red  Sandstone  mapped  last  season  by  Mr. 
and  Dr.        Peach  and  Dr.  Cramiton  extends  as  a  broad  strip  across 

Cxamptoo  Caithness  from  lb*.'  coast  at  Wi -k  to  Georgemas.  In  this  area 
Mr.  Peach  reports  thiit  tlie  main  rock-typo  is  a  micaceous  sandy 
argillaceous  flagstone,  often  bituminous  and  generally  containing 

*  Summart/  qf  Progress  for  1889,  p.  99. 

t  Annual  Report  of  the  Geological  Surrej  fer  1896|  p.  S3. 
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more  or  less  lime  and  iron-carbonate.  When  this  rock  is  thinly  Mr.  PeMh 
and  evenly  bedded  it  constitutes  the  celebrated  Caithness  Fla^-  >f 
st<me  of  commerce.   By  admixture  of  different  sediments  |t  Brampton, 

passes  into  flag<n' sandstones,  sliales  or  mudstones,  locally  known 
as  calmstonos,  or  even  into  an  almost  pure  limo-^tono. 

Some  of  the  flail's  and  sliales  arc  so  bitummous  as  to  become 
impure  oil  shales,  while  albertito  or  mineral  pitch  is  found 
distilled  out  into  tlie  &ults  and  cracks  of  the  strata  over  laige 
areas  in  the  western  parts  of  the  district.  Marcasite  and  iron 
pyrites  occur  frequently  as  nodulos  throughout  the  series, 
intercalated  with  tlio  flags  and  shales  are  occasional  beds  of 
nearly  pure  sandstone,  devoid  ot  flairpfV  clmr?i<'ter.  A  smnll  ;n  »'a 
of  red  or  brown  Siindstone  or  coarse  arkose  and  conglomerate  or 
breccia  is  found  at  Houstry,  near  tlie  southern  edge  of  tlio  area 
mapped.  The  colour  of  the  rocks  is  for  the  most  part  a  leaden 
grey,  which  becomes  darker  by  the  admixture  of  carbonaceous 
matter.  The  limestones  are  generally  bluish  grey,  while  the 
shales  are  usually  lighter  in  colour  than  the  Hags.  In  the 
eastern  district  many  of  the  rocks  are  of  a  greenish  tint.  All 
the  roe1-:s  are  1ifd»le  on  exposure  to  assume  an  ochreous  colour 
from  the  decomposition  ot  the  iron-carbonates  and  sulphides 
contained  in  them,  particularly  in  the  neighbourhood  of  hues  of 
crush,  whilo  near  some  of  the  faults  and  veins  the  rocks  are 
liable  to  become  bleached,  and  in  places  reddened  by  hsematite. 

Throughout  the  whole  series  of  strata,  sun-cracks,  rain-prints, 
and  other  surface-markings  occur  on  most  of  the  be^lding-planes, 
whence  the  inference  may  be  drawn  that  the  original  sednnents 
were  laid  do  wn  on  a  sinking  floor,  and  were  subjected  to  repeated 
periodical  desiccation. 

Along  fault-lines,  in  addition  to  carbonates  and  quartz,  the 
veins  sometimes  carr^  galena  in  smaU  quantity.  A  few  barytes- 
yeins  occur  on  the  ehSb  near  to  the  Old  Castle  of  Wick. 

An  important  structural  feature  has  been  iound  in  a  line  of 
fault  which,  with  a  trend  from  north  to  south,  enters  the  an  a  a 
little  to  the  east  of  Castletown,  and  passing  southwards  liy  Hall 
of  Durran,  Bower  Station,  Old  Hall  of  Dunn,  leaves  it  on 
the  crest  of  Backlass  Hill.  This  is  evidently  the  continuation 
inland  of  the  fault  which  passes  out  to  sea  to  the  north  of  the 
viUaee  of  Brough,  and  which  has  there  the  effect  of  bringing  the 
Caithness  flacstones  on  the  east  into  conjunction  with  the  over- 
lying yellow  tipper  Old  Red  Sandstones  of  Duimet  Head  on  the 
west.  From  the  nature  and  the  amount  of  disturbance  of  the 
rocks  on  each  side  of  the  line  of  dislocation  all  along  its  course, 
the  fault  may  l)e  recognised  as  having;  been  produced  by  an 
upthriist  from  tbe  east.  Tbat  the  amount  of  displacement  must 
be  KTcat  may  be  inferred  from  the  fact  that  everywhere  the 
rocks  on  the  two  sides  of  the  Ime  are  totally  difler^t  from  each 
other.  The  actual  amount  of  upthrust  is  still  unknown ;  but 
further  investigation  in  adjoining  areas  may  jEiumish  a  due  to  it 
In  the  meantime  the  line  of  fitult  supplies  a  convenient  division 
of  the  ground  into  two  unequal  parts,  which  maybe  conveniently 
described  separately,    in  tne  western  or  smaller  subdivision  the 
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Mr.  Teach  rocks  aro  all  more  liiielj-  and  evenly  bedded  than  in  the  eastern 
iS!^   ton  ^  espeeially  to  be  noticed  that  all  the  workable  flagstones 

'    are  confined  to  the  west  of  the  line.  A  few  coanse  flagstones  are 
worked  at  Stonehone  near  Watton,  on  the  east  side,  but  they  aie 

very  inferior,  and  are  onlv  used  locally. 

The  lowest  strata  in  t"lio  western  snl>-fl!vision  aro  fonnd  noar 
its  south-west  corner,  in  the  nciLcli^'ourlinoil  of  Acliaiiariiis. 
They  coihsLst  of  tin t^rsldiios  and  liuggy  limoslones  wliich  have 
yielded  a  rich  lish-launa  identical  with  that  found  boutli  of  thu 
Moray  Firth  and  in  the  Stromness  district  of  Orkney.*  They  are 
almost  horizontal  at  Achanarraa,  but  with  a  tendency  to  cUp 
towards  the  north  and  north-east.  In  the  diniction  of  dip 
these  strata  arc  succeeded  by  an  alternation  of  Hagstones  and 
shales  or  cahnstones/lippinc^  in  t  Vi< •  snmc  dirertiou  at  angles  of  fn>ui 
2  (leg.  to  5  deg.  for  about  four  miles.  It  is  in  this  set  of  strata, 
at  a  level  of  abuuL  200  to  300  feet  above  Aehaimrraii,  that  the 
celebrated  Hugs  of  S|3ittal  occur,  while  those  of  Banniskirk  he, 
probably,  a  little  hiffher  still  above  the  strata  to  be  seen  in 
Achanarras  quarry.  I^ear  Geor^emas  Station  a  siiiclinal  axis 
has  been  detected,  north  of  which  the  flagstones  dip  gently  to 
the  south-east,  and  after  rolling  about  or  lying  nearly  flat  for 
miles  across  a  wide  df>mo-like  expanse  corresponding  with  the 
liills  of  Stemster,  Achingills,  HiUiclfiy,  and  Olrig,  they  linally 
roll  over  on  the  north  slope  of  the  Hill  of  Olri^,  and  dip  stcfidily 
towards  the  N.N.E.,  the  highest  beds  occurrmg  on  the  shore 
between  Thurso  and  Clardon  Head,  outside  the  present  area^ 
The  celebrated  quarries  of  Stoneffunnand  Woydale  Be  just  at  the 
maigiii  of  the  area  now  reported  upoa  The  structure  is,  there- 
fore, that  of  a  syncline,  tlio  axis  of  which  runs  in  a  cur\'ed 
direction  more  or  loss  E.  and  W.  through  Georgeiaas,  and  a 
d*>nie  to  the  north,  the  centre  of  whi<  h  corresponds  to  the  top 
of  the  high  ground  l)chind  Stemster  Hill.  .  Tiie  fishes  found  in 
the  Spittal  and  Banniskirk  quarries  are  common  to  the 
Achanarras  and  Thurso  beds.  Thwrsius  Tnacrolepidotua  occurs 
at  Clayock,  while  Dr.  Crampton  obtained  Coccostem  mi  nor,  a 
zonal  form  of  the  Thurso  beds  in  the  syncline  to  the  N.E.  of 
GeorgfTnas  rjnnf^tinn.-*-  Osteolrpis  wirroh'nulotus  is  found  at 
8toiirL,'nun  and  Weydale,  and  together  with  Cneeapifrus  mi-nor 
at  ^lin-klc.  Tlieso  two  fishes  are  typical  forms  of  the  Thm>o 
fauna.  The  strata  at  Aehamtrras  quarry  lie  at  least  900  or 
1,000  feet  below  those  from  which  Dr.  Crampton  obtained 
Cixcodeus  minor,  Mu.  Peach  and  he  are  therefore  inclined  to 

}>lace  in  the  Thurso  group  all  the  strata  in  the  present  area 
ying  to  the  north  and  east  of  a  lino  drawn  a  little  to  the 
north  of  Spittal  and  Banniskirk-  All  the.se  rocks  arc  in  turn 
truncated  by  the  fault.  As  they  fty>proach  it  they  gradually 
swing  round  and  dip  towards  it,  but  stdl  nearer  to  it  they  bend 


^  Sc3  })r.  Traquair's  paper  in  Froc  Hoy.  Fhyt,  Soc,  Edin.^  voL  Jdi,  part 

2,  p.  271). 

t  The  detenuiiiation  of  tbc.Ho  form.sin  tl»e  ticld  l>y  the  Survey  Olficerj*  hsu* 
been  confirmed  by  Dr.  Tra^tiair, 


Digitized  by  Google 


OLD  RED  SANDSTONE. 


G9 


Up  and  dip  steeply  away  from  it,  while  in  some  oases  they  are  Mr.  Peach 
even  overturnea.   In  a  quarry  on  Corsback  Hill  the  flaestoncs, 

which  dip  generally  towards  the  east,  show  at  intervals,  lines  Qf^'^^^^ 
"  staving  '  and  overtblds  accompanied  by  small  0Terthrust-£ftuIt8 
pointing  to  movement  from  the  east. 

Owinfif  to  the  absence  of  fossil  evidence  the  horizon  of  the 
strata  on  tlie  cast  side  of  the  tauit  is  not  yet  known.  Po.ssibly 
the  true  sLructurc  of  this  ground  will  not  bo  made  out  till  the 
coast  lines  are  studied  in  aetatL   The  evidence  afforded  by  the 
exposures  in  the  area  examined  last  year  is  that  in  the  neigh- 
bourhood of  the  fault  the  strata  are  thrown  into  a  succession  of 
sharp  folds,  all  of  which  have  steep  limbs  towards  the  west, 
while  some  of  them  are  overfolds.    Small  overthrust  faults  are 
also   numerou.s.     Those  phenomena  are    well   displayed  in 
the  railway  cutting  near  Bower  Station,     Siuiilar  structures 
occur  on  Backlass  ilill  and  lloustrv,  at  the  south  end  of  the 
line,  where  the  lowest  strata  in  the  wnole  area  are  to  be  found. 
These  consist  of  brown  sandstones,  arkose,  and  coarse  (  on- 
glomerate  or  breccia  made  up  chieiiy  of  fragments  of  granulitic 
"Moine"-likc  sehists  and  granite*.    They  indicate  tliat  a  local 
base  of  the  series  is  here  brought  up  ncfir  to  tho   snrfaro ; 
they  may  represent  a  portion  of  the   iiernudale  ITagstune 
group.    Beyond  the  immediate  influence  of  the  fault  the  strata, 
whicn  are  grey  and  dark,  almost  black,  coarse-bedded  flagstones 
with  flaggy  sandstones,  dip  persistently  towaids  the  east  at  low 
angles  for  about  4  miles,  when  they  turn  up  for  a  short  distance  and, 
dip  west  wards.   A  line  of  stnicture  like  that  accompanying  the 
frreat  fault  is  tlien  encountered,  nnming  approximately  X.  and 
S.,  the  ('orruL,^aled  and  shattered  strata   seamed   with  irou- 
earbonate  beiii^^  well  displayed  in  streams  at  Croft  of  Qiioy  lime, 
and  also  near  Bilbster  House.  East  of  this  line  the  beds  dip  gently 
eastwards  to  within  about  a  mile  and  a  half  from  Wick,  when 
they  once  more  bend  up  and  dip  westwards  as  far  as  the  coast. 
'  On  this  limb  of  the  syncline  the  strata  are  much  more  steeply 
inclined  than  on  the  western  one,  sometimes  reaching  an  angle 
of  25  deg.    The  structure  of  this  portion  of  the  area  is  that  of  a 
double  troni:fh  with  approximately  N.  and  S.  axes,  the  hue  of 
uplhrust  iault  rcprescntmg  the  dividing  anticline.    The  trou<yh 
of  the  western  syncline  is  close  to  the  fault.    The  horizon  of  the 
highest  beds  is  at  present  unknown.   To  what  extent  these 
strata  are  repeated  on  the  east  side  of  the  f&vlt  can  also  in  the 
meantime  bo  merely  conjectured;  but  near  Ackcrgill,  in  the 
centre  of  ilo  more  easterly  trough,  Dr.  Fleti' found  a  speci- 
men   of   Cth^roHtem    minor.     T)n.    Traquair    s.t;-tes  that 
the  fisli  wliieli  have  long  been  known  from  the  Scuilli  Head 
of    \Vi(k,   on   the  eastern   limb  of  the    syncline,  ami  far 
boiiciith  the  Acker^ll  beds,  are  Dipkms  valencLennesli  and 
Tkurmts  ma^erolep^dotvis,   Coccosteus   dccipiena  also  occurs 
between  Wick  Bay  and  NossHead.  Db.  Tbaquaib  regards  the 
Wick  and  Ackeigill  beds  as  being  the  equivalents  of  part  of  the 

*  Dr.  Flett,  while  making  traverses  iu  tliui  district  during  the  past  yeai', 
obsenred  ftheBe  rodoB  and  noted  their  sigaificanee. 
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Thurso  ^up.  If  this  view  be  oorrect  there  must  have  been  a 
great  difference  in  the  sedimentation  of  the  two  areas,  as  the 
Wick  beds  consist  of  alternations  of  flaggy  sandstone  with 
occasional  true  sandstone,  almost  pure  limestones,  calinstones, 
and  few  or  no  real  fl.^iistoTies.  Ft  seems  as  if  the  Thurso 
district  lav  in  the  ceiitio  ut  llie  l»n  'n  in  wliich  the  peculiar  tvpe 
of  sediment  ut"  the  Caithness  ami  Orkney  ])hase  of  the  Old  fted 
Sandstone  was  deposited.  Before  these  jwints,  however,  are 
settled  a  much  laiger  area  of  the  county  wUl  require  to  be 
surveyed.  Systematic  foasil-coUecting  continued  over  a  period 
of  jeais  seems  to  be  the  only  method  of  gaining  the  required 
evidence. 


Abgyllsuike. 

I  H.  G.  The  mappii^  of  the  Old  Red  Sandstone  series  in  the  district 
Symea.  of  Lome  was  continued  last  year  by  Mr.  Symes.  In  the  course 
of  his  siH'vey  he  I'ound  to  the  west  of  Kihnclfort  no  trace  of  the 
basement  conglomerate  and  sandstone  that  may  bo  looketl  for 
at  the  l>ase  of  the  volcanic  series,  which  here  represents  a  range 
of  precipitous  escarpuient  winding  by  Duigmsh  to  Armadoy 
Oasue  for  a  distance  of  about  eight  miles.  The  absence  of  tins 
sedimentary  group  may  arise  from  several  causes,  the  chief  of 
which  is  no  doubt  to  be  found  in  the  large  amount  of  debris 
from  the  cUfls  of  andcsite,  whereby  the  ground  is  obscured  where 
the  outcrop  would  be  looked  for.  One  mile  W.N.W.  of  ^lelfort 
House,  under  the  chff  marked  on  the  map  as  Druim  Barr  iia 
C'oille,  bands  of  sandstone  were  observed  to  he  intercalated  vnih 
the  strata  of  andcsite,  which  on  the  south  are  thrown  down  by  a 
N.E.  and  S.W.  iault.  Some  of  these  bands  are  of  economic 
value.  They  may  be  presumed  to  lie  between  the  lava-sheets, 
since  if  they  were  the  basement  beds  they  mi^ht  be  expected  to 
l>e  condomerates,  which  are  generaliy  the  lowest  beds  in  the 
Lome  district. 

In  the  Suinnotry  for  1.S99  certain  fragmental  rocks  which 
occur  about  a  mile  and  a  half  north-east  from  Kilmelfort  Hotel 
were  referred  to  as  conglomerates  of  Lower  Old  Red  Sandstone 
age,  but  belonging  to  a  higher  horizon  than  that  of  l^e  Oban  or 
basement  conglomerat v.*  During  the  present  season  these  rocks 
were  again  examined  by  Messrs.  Peach,  Stmes,  and  Kynaston, 
who  have  come  to  the  conchision  that  they  are  to  be  regarded  as 
of  the  nature  ot"  volcanic  agglomerates  ratlier  than  ordinary 
sediments.  Dykes  ot  portihynte  have  been  injected  into  them. 
The  matrix  between  their  blocks  is  ol'ten  of  a  crystalUne  igneous 
material  with  flow-structure,  showuig  that  the  blocks  have  been 
involved  and  carried  forward  in  actual  flowing  molten  rock. 
These  masses  may,  therefore,  be  ( oimccted  with  uie  flow-breccias 
mentioned  in  the  last  rejwrtj*  J^rom  the  local  character  of  the 
materials  and  the  mode  of  occurrence  of  these  sheets  of  breccia 


*  Sutntnary  oj  trogrew  for  189»,  p.  »7.  t  Gjp.  a<.,  p.  100. 
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and  ai:^£^lomerate,  it  is  probable  that  underneath  this  platform  of  Mr.E.  G. 
volaiuic  debris  oiie  or  more  volcanic  necks  or  vents  may  lieSy""**- 
concealed.  An  actual  neck  which  occurs  a  little  to  the  south 
has  already  been  described  *  These  necks  and  the  platform  of 
ejected  matter  in  all  probability  belong  to  the  later  phases 
of  the  Lower  Old  Red  Sandstone  period  of  viilcanicity  as 
manifested  in  T.onio.  If  this  Ik;  the  case,  then,  as  the  agglome- 
rate rests  inmiudiately  ou  the  sohist,  this  area  must  have 
escaped  invasion  by  tne  earlier  more  Uisie  lava-flows. 

On  tliu  west  side  of  the  island  of  Luing  several  sills  of  felsite 
with  blebs  of  rfuartz  traverse  tiie  slates  in  the  direction  of  their 
schistosity  without  affecting  them  as  the  basalt  dykes  do. 
Similar  sdls  occur  on  the  east  side  of  Shuna  and  Torsay. 

Lome  Volcav  icRcgion. — In  pushinrr  the  survey  of  Lome  further  j^r.  Kynar- 
to  the  north  and  north-oast,  Mr.  Kvnasto.v  has  obtained  results  of  ton. 
g^roat  interest  in  regard  to  the  historv  of  the  various  igneous 
rocks  associated  ^itli  the  Lower  Old  tied  Sandstone  of  that  part 
of  Scotland.     Ho  has  made  a  re-examination  of  the  andesitic 
lavas  and  basement  conglomerates  between  the  main  mad  leading 
to  Glen  Nant  and  the  Pass  of  Brander.    Beneath  the  lavas  in 
this  area  there  lies  .sometimes  a  eonL^lomerate  ccmsisting  of 
rounded  pebbles  of  quart^^ite,  andesite,  and  vein-quartz,  and 
soTiietimcs  breccia,  ot  angular  fraijnient^  of  the  immediately 
underlyiii[(  scliists,  such  as  black  slate,  liuiesione,  phvHite,  and 
epidiorite.    As  this  basement-bed  is  traced  northwards  towards 
the  Pass  of  Brander,  it  seems  to  imde^  a  e:radual  change,  as  if 
it  had  suffered  a  general  induration.  This  flSteration  is  especially 
noticeable  at  a  distance  of  about  half  a  mile  from  the  Pass.  The 
rock  is  not  exposed,  however,  near  enough  to  the  granite  to 


aflford  the  means  of  decidiiiLr  whether  or  not  this 


t|>carance  is 


due  to  contact  metamorphisni.  Above  the  congiouiemte,  at 
from  a  half  to  a  quarter  ota  mile  from  the  Pass,  certain  strata 
appear  with  a  banded  or  laminated  structture,  whicli  in  parts 
strongly  resemble  tuff,  and  show  numerous  small  fragments 
of  tne  underlying  schists,  though  not  resembling  the 
typical  tuffs,  associated  with  the  upper  portion  oi  the 
volcanic  series.  In  their  case  also  there  is  an  appearance  of  in- 
duration. They  are  frequently  full  of  cireenish  streaks  and  patches, 
from  the  presence  of  epidotic  material.  They  may  possibly  be 
of  sedimentary  orii^dn.  The  microscope  does  not  bring  out 
indications  that  can  be  regarded  as  conclusive  of  contact-action 
in  th«n. 

Above  these  banded  beds  come  the  normal  pyroxene-andesites. 
They,  too,  present  an  indurated  appearance,  and  are  very 
refractory  under  the  haiTiraer.  The  microscope  shows  that 
they  arc  auGritc-andesites  of  a  basic  variety,  and  that  if 
they  have  suttered  any  contact-alteration  it  can  only  be  slight. 
The  rocks  are  so  obscured  by  decomposition  that  accurate 
observations  upon  them  are  not  easy.  The  abundance  of  small 
grains  and  granules  of  pyroxene  seen  in  the  ground  mass  [9031 

*  Loc  eii. 
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Mr.  Kjnat*  and  9032]  soems  unusual.  Very  possibly  it  may  bo  tlmt  thesd 
rocks  arc  still  too  far  (about  three-quarters  of  a  mile)  from  the 
granite  for  the  question  to  be  definitely  decided  either  in  the 
field  or  ^vith  the  niicrosoopc  ;  for  althoug'h  the  older  rocks  l>r.low 
the  andosites.  on  the  south  side  of  the  Pass  of  Bmuder,  disliru  tly 
assume  iho  characters  of  hornfels,  it  does  not  necessarily  lollow 
that  decided  contact-phenomena  should  also  be  found  in  the 
■lavas — assuining  these  latter  to  be  older  than  the  granite.  For, 
other  things  being  equal,  we  should  not  expect  contact- 
phenomena  to  be  exhibited  at  as  great  a  distance  from  the  intru- 
sive mass  in  the  case  of  ii^-neous  rock  as  in  that  of  rocks  of 
sedimentary  origin.  However  this  may  be,  there  seems  to  he 
a  decided  (liffcrence,  thouirh  rather  of  a  gencml  than  a  particular 
nature,  between  the  audesites  and  basement  beds  near  the  Pass 
of  Brander  and  similar  kinds  of  rock  at  a  greater  distance  from 
it  In  the  case  of  the  Black  Mount  area,  to  be  afterwards 
described,  where  the  contact-alteration  of  andesites  can  be  clearly 
demonstrated,  die  phenomena  specially  characteristic  of  such 
alteration  in  these  rocks  is  imperceptible  nl  more  than  a  quarter  of 
a  mile  from  the  granite.  So  that,  even  if  contact-action  couhl  l)o 
shown  to  be  entirely  absent  from  the  Pass  of  Brander  audciiites, 
thret-qiiarters  of  a  mile  from  the  granite,  it  could  not  be 
concluded  that  they  are  therefore  Liter  than  the  granite- 
intrusion. 

One  other  point  is,  perhaps,  deserving  of  noilco,  though  it  may 
possiljly  have  no  special  significance  in  this  connection.  At 
about  a  quarter  of  a  mile  from  the  Pass  of  Bmnder,  a  hand  of 
rock,  not  more  than  four  or  five  iiiclies  broad,  traverses  the 
aiiilesites.  It  has  a  somcAvhat  coarse  appe^irance  for  the  size  of 
the  intrusion,  and  might  almost  be  tjiken  for  granite.  Under 
tlic  microscope,  however  [9028],  there  are  seen  to  be  two  genera- 
tions of  crystallisation,  the  phenocrysts  being  so  numerous  as  to 
render  the  presence  of  groimd-maes  almost  inappreciable  in 
a  hand  specimen.  The  rock  is  of  an  unusal  t3rpe  in  this  district, 
and  consists  of  idiomorphic  plagioclases,  quartz,  often  showing 
crystal  outline,  augitc,  qrcen  hornblende  more  or  less  altered 
into  chlorite,  and  some  chloritised  biotite,  while  intersiiLial 
felspar  and  quartz  furui  the  ground-mass.  The  two  latter 
minerals  occasionally  form  nucrope^atite.  The  rock  may  be 
termed  an  augite-bearing  microgramte.  But  its  texture  seems 
UTinsually  coarse  for  so  narrow  a  band,  and  there  is  no  appre- 
ciable change  of  texture  at  its  junction  with  the  andesito,  even 
under  the  mif^roscope.  Tt  is  not  iho  usual  t}^e  foimd  in  intru- 
sive sills  and  dykes  amoiis,^  the  andesites;  it  resembles  rather 
the  more  (lecjj-seated  typo  ui  intrusion  met  with  in  some  of  the 
porpliy rites  cutting  the  granites.  But  even  in  the  gi-anites  an 
mtrusion  of  such  small  size  is  usually  of  a  compact  texture. 
It  suggests  (like  the  phenomena  of  granite  veins)  that  at  the 
time  of  its  intrusion  tne  temperature  of  the  surrounding  rock 
was  sufficiently  hi^h  to  allow  of  its  cooling  comparatively  slowh . 
At  the  sjime  1  ime  it  is  (piitc  possiMc  that  conditions  fav<mrable 
to  the  formation  of  this  type  of  intrusion  in  this  particular  area 
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may  have  been  broii,i:jht  about  by  other  oausos  tlian  Liio.-^e  Mr.  Kjnas- 
spociiiUy  connected  with  ike  intrusion  of  a.  Lum)  granitic  mass, 
Anally,  although  certain  phenomena  near  the  rase  of  Bninder 
seem  to  he  distinctly  si^sestiye  of  contact-alteration,  they  do 
not  furnish  conclusive  eindence  that  the  intrusion  of  the  Ben 
Crucochan  granite  was  later  than  the  andesites  of  this  area. 

How  far  the  evidence  of  the  Blackmoimt  volcanic  series  affects 
this  question  will  lio  <l!S''us.sc<l  further  on.  If  thrso  rocks, 
together  with  those  of  lilcncoe  and  Ben  Nevis,  can  1)0  shown  to 
bo  of  the  same  age  as  the  lavas  west  of  the  Pass  of  Brunder,  tlio 
question  of  the  age  of  the  Ben  Cruachan  gianite  will  be 
settled. 

dose  to  the  lower  end  of  Loch  Avich  an  exposuro  of 
Mjglomerate-like  rock,  which  forms  a  conspicuotis  feature  above 
Cmignamoraig,  and  was  manjied  by  Mr.  Hill  h)  I'^Oo,  was 
revisited  last  year  l>y  Mr.  Kyn.vston  from  Kilchrenan.  Tho 
rock  might  at  tirst  be  taken  for  the  basement  conglomerate,  but 
closer  inspection  shows  it  to  be  rather  of  the  natiue  of  a  coarso 
agglomerate.  It  mav  be  followed  for  a  hundred  yards  or  so,  close 
to  the  margin  of  the  andesites.  It  forms  a  wall-like  mass 
sometimes  apparently  agahist  the  andesites,  and  sometimes 
separated  from  them  by  the  older  schist.  The  fragments  appear 
to  have  been  derived  entirely  from  the  schists  vnrv  considerably 
in  size,  and  are  almost  invariably  anL,ndur.  ?5onie  parts  consist 
of  a  iine-grained  breccia  in  a  reddish  matrix,  but  more  usnally 
there  is  a  confused  assemblage  of  large  blocks  up  to  (i  foot  in 
diameter,  which  consist  of  the  coarse  and  medium-grained 
schistose  felspathic  ^rits  and  fine  greenish  grits  and  slaty  beds, 
of  the  immediate  neighbourhood. 

Some  sections  show  what  is  apparently  a  gradual  breaking  up 
ot  the  schists  in  ^--ifu  into  angular  fragments,  as  though  an 
explosive  outburst  had  torn  away  portions  from  tho  sides  of  a 
fissure.  Possibly  tliis  agglomerate  may  indiaito  an  infilled 
fissure  (anal<^us  to  a  neck),  which  may  mark  the  site  of  some 
of  the  minor  discharges  of  an  ex|>loBive  cnaracter,  associated  with 
the  volcanic  actiyity  of  the  district. 

Tke  Ben  Cruachan  Gran  ite. — From  his  station  near  Loch 
Orcran  Mr.  Kynastox  continued  the  mapping  of  the  marginal 
portion  of  the  north-western  extension  ot  the  Ben  Cruachan 
granite  from  near  Ben  Bhreac  in  a  north-easterly  direction  as 
lar  as  the  head  of  Allt  Buidhe,  below  the  south-western  spur  of 
Beinn  Sguliaird.  Tho  ^anite  belongs  to  tho  more  acid  type, 
rather  than  to  the  dioritic  modification  of  Bonawe  and  other 
places.  ;!  id  quartz  may  bo  clearly  recognised  with  tibe  naked 
eye.  The  texture  is  fairly  coarse,  even  at  the  actual  contact 
with  tho  schists.  (  Jreat  difficidty  was  expcncnrcd  in  mapping 
ont  the  boundary  line  betwt^en  the  granite  and  the  schists,  owing 
to  the  complicated  nature  of  the  marginal  area.  Indeed,  in 
some  places  the  granite  and  the  schistose  rocks  arc  so  intermixed 
that  no  sharply  marked  boundary-line  can  be  drawn  between 
them. 

From  time  to  thiie  in  former  Reports  allusion  has  been  made 
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Mr.  Kynu-  to  the  complex  charactxH*  of  the  granite  margin.*  In  the 
to*'  recently-mapped  area,  however,  the  margin  of  the  Ben  Cruaclian 

granite  shows  these  eoiii|)loxities  to  a  greater  extent  and  over  a 
nuich  greater  area  than  lias  previously  been  observed.  The 
contact  zone  consists  of  a  network  of  sills,  veins,  bands,  and 
tongue-like  protrusions  of  granite,  covering  a  belt  of 
mountainous  ground  sometimes  more  than  a  mile  hroad 
The  vein-like  ofVslioots  do  not,  as  a  rule,  anastomose 
with  one  another,  but  tend  to  run  in  a  rougbly  parallel 
direction,  coinciding  with  tbo  oripnal  planes  of  fuliaiion 
in  the  schists,  although  in*egular  intrusions  of  eranite,  liaving 
no  apparent  nlation  to  nr\y  planes  ut'  weakness,  are  not 
uncommon.  The  complication  is  such  that  a  Une  can  only  with 
difficulty  he  drawn  between  schists  (homfels),  crowded  with 
granite-yeins  and  sill-like  bands,'  and  granite  crowded  with 
strips  and  im  lusions  of  schist  of  ever^size  up  to  a  mile  or  more 
in  length.  The  contact-area  constitutes  a  zone  of  sill-liko 
injections  of  great  complexity.  Towards  tlio  interior  of  this 
*' iujcrlioii-zoiie " — i.e.,  as  we  approach  the  main  mass  of  the 
granite — the  schists  are  frequently  seen  to  Vk^  so  impregnated 
with  granitic  material  that  it  is  impossible  in  a  hand-specimen 
to  distinguish  the  i^ieous  portion  from  the  material  of  sedi- 
mentary origin.  Tne  original  finely-banded  character  of  the 
schists  doubtless  largely  assisted  this  impregnation  (injection 
lit  par  lit).  The  same  structure  has  also  been  observed  close  to 
the  contact  witli  the  main  mass  of  tlie  granite,  in  the  bande<l 
cfilcareous  series  of  tin-  Pass  of  Brandor,  where  both  "  injection 
lit  par  lit "  and  "  superposition "  (Michel  Levy)  may  be  seen 
sometimes  in  the  same  specimen.f  Possibly  both  types  may 
also  be  represented  in  the  present  case.  There  does  not  seem  to 
be  any  definite  zone  of.  impregnation,  but  it  may  occur  almost 
anywhere  in  the  immediate  proximity  of  veins,  sills,  or  larger 
masses  of  the  granite.  It  will  also  depend  upon  tihe  structural 
character  of  the  schists. 

Further,  in  many  places  the  schists  have  been  broken  up, 
under  tlie  process  of  injection,  and  a  breccia  has  been  formed — 
occasionally  at  some  distance  from  the  main  mass — consisting 
of  a  confused  mingling  of  altered  schistose  fragments  in  a 
granitic  matrix.  The  fragments  in  the  breccia  are  angular, 
and  usually  sharply  marked  oiF  from  the  matrix.  Ocoa- 
sionally,  however,  the  ontliiio  is  not  well  dctined,  and  appears 
indistinct  with  a  lens,  showinu^  as  it  were,  a  gradual  transition 
from  the  included  ira^Miu  nt  into  the  matrix.  Such  fri^nents 
are  usually  crowded  with  Hakes  ul"  secondary  ijiotite  in  more  or 
or  less  parallel  layers,  and  arc  somewhat  su<^estivc  of  the 
origin  of  certain  ill-defined  patches  rich  in  biotite,  occasionally 
seen  in  the  granite.  Occasionally  the  breccia  assumes  a  coarse 
aspect,  as  is  well  seen  to  tli  st  of  Meall  Garbh,  the  iica^ents 
measuring  several  feet  in  diameter.  This  structure  was  evidently 


*  See,  for  example,  iyummary  of  Progress  for  1807,  pb  88. 
t  ^Summary  qf  Frogreu  for  18d8,  pp.  84, 65. 
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an  aecompaniment  of  the  intrusion  and  injection,  and  involvea  iffr.  Kjfbm- 
both  homog^eneous  rocks,  such  as  cmartzite,  as  well  as  the^ 

banded    schists.    Good  examples  oT  quartzite^hreccia  were 
noticed  at  the  granite  contact  in  Glen  Etive.* 

Thus,  in  tho  r?i  u^^inal  area  of  the  granite  every  state  of  injec- 
tion may  ho  touml  tVom  sill-like  protrusions  of  the  main  mass 
many  yards  in  l)ieiidlh,  to  injections  of  microstM>pic  dim(  nsious. 
And  similarly  the  gnmite  displays  included  portions  t>l  the 
schists,  var^-mg  from  masses  more  than  a  mile  in  length  to 
minute  fragments.  Even  the  smallest  granite  yeins  are  of  the 
same  texture  as  the  laieer  masses. 

An  intrusion  of  a  nne-grained  biotitc-granito,  or  possibly 
diorite,  was  noti'  <'<1  m  ar  the  head  of  Glen  Pnhli.  The  veins  of 
coarse  granite  appciir  to  end  off  abru})tlv  against  it,  so  it  is 
possibly  of  sligiitly  later  date.  It  resembles  some  of  the  Kil- 
melfort  types. 

The  Oranites  of  the  Blackmownt  and  Moor  of  Rannoeh, — 
A  considerable  area  of  granitic  rocks  was  mapped  last  year  from 
Kingshouse,  on  the  western  margin  of  the  Moor  of  liannoch,  and 

about  four  miles  from  the  head  of  Glen  Coe.  These  granites 
include  four  principal  varieties,  all  of  which  have  close  petro- 
logical  relationshij)s,  and  are  intiinal^'ly  associatod  with  one 
another,  so  as  to  form  integral  portions  of  one  enormous  mass. 
They  constitute  the  north-easterly  extension  of  the  granites  of 
Ben  Cruachan  and  Glen  Etive ;  so  that  a  continuous  tract  of 
^anite  stretches  from  the  Ben  Cruachan  area  to  the  Moor  of 
Kannoch.  A  traverse  from  the  Moor  of  Rannoch  south-west- 
wards to  the  liighor  hills  of  the  Blaokmount,  presents  the  four 
main  types  of  granite  in  the  ibllowing  order 

1.  Coarse  foliated  a<  id  granita   (Moor  of  Rannoch  type.)  1 

2.  Coarse  acid  porphyritic  granite.     (Marginal  phase  of  - 

Moor  of  Rannocli  tyjie — ef,  tlio  Glen  Ktive  granite.)  ) 

3.  Hornblende-granite  and  quartz-diohte.  \  Ben  Cruachan 

4.  Pinkish  acid  granite.  /  types. 

(1.)  Moor  of  Kannoch  type. — The  normal  type  of  rock  which 
constitutes  the  floor  of"  ahnost  the  entire  eastern  portion  of  the 
Moor  of  l^annoch  is  a  con  o  foliat43d  horn  blende -granitito.  It  is 
a  pale  grey  rock,  consisUag  of  plagioclase,  orthoclasc,  quartz, 
green  and  brown  hornblende,  biotite,  spheue,  and  some  iron  ore. 
The  foliation  indicated  in  a  hand-specimen  by  the  arrangement 
of  the  hornblende  and  biotite  is  scaroel}  perceptible  under  the 
microscope  [9128],  though  strain  shadows  mar  be  seen  in  the 
quartz.  The  orthoclasc  is  often  moulded  upon  tno  quartz.  The 
rnck  lijis  close  atlinitics  with  the  Criffel  typo  of  granite.  Occa- 
sionally it  contains  large  white  porphyritic  fi^lspar.s.  Huge 
angular  blocks  of  this  granite,  scattered  in  contusion  among  tfie 
moraine-mounds,  lend  a  striking  character  to  the  somewhat 
desolate  landscape  of  the  Moor,  mile,  here  and  there^  the  bare 
rock  is  exposed  m  rounded  hummocksj  or  rises  as  small  islands 


*  Summary  cf  Progrtn  for  1806,  p.  81. 
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Mr.  Kynti-  and  headlands  in  the  numerous  lochaas.  As  the  exposures  ard 
ion-  traced  eastward  in  the  direction  of  Loch  Laiilon,  the  foHntion 

gradually  dies  out  and  ])orphyritic  felspars  arc  no  longer  seen. 
In  the  area  about  the  head  of  Loch  Laidon,  the  rock  is  of 
>  thoroughly  granitic  structure  and  occiisionally  becomes  slightly 

finer-grained  Exposures  are  moro  frequent  and  the  rock  tends 
to  form  more  prominent  features.  Similarly,  the  foliation  dies 
out  westwards  a  short  distance  to  the  west  of  Kingshuuso  and  at 
tho  foot  of  the  eastern  slopes  of  Craig  Dubh  and  Meall  a 
Bhuridh.    The  foliated  tvpe  -rr;  dually  passes  into 

(2)  A  coarse  acid  porpim  ilic  granite.  This  is  practically  the 
satnc  m  the  typical  Moor  of  Rannoeh  i  oek,but  without  the  foliation. 
It  may  be  regarded  as  a  marginal  phase.  It  is  precisely  similar  in 
composition,  structure,  and  texture  to  the  coarse  porphyritic 
gramte  which  constitutes  tho  margmal  phase  of  the  Glen  Etive 
granite.  This  latter  has  heen  described  in  former  Reports  as 
constituting  a  central  core  "within,  and  of  slightly  later  date 
than,  tlie  lien  Cnia«  lian  granite.  In  a  shnilar  way  the  Moor  of 
llannoch  granite  has  the  same  -relations  to  tho  Cruuchan  tyT)0 
of  granite  on  the  western  side  of  tho  Moor,  except  that  the 
latter  type  dues  not  in  this  case  surround  the  former.  Thus, 
tho  coarse  porph^-ritic  type,  forming  th€|  western  margin  of  the 
Moor  of  Bannoch  ^  anite,  is  succeeded  to  the  west  hy  the  more 
dioritic  variety  of  the  Ben  Cniafihan  tyjio.  The  one  type 
passes  into  the  other  rather  abni|)tly,  and  sometimes  the  coarse 
porphvritic  rock  .sends  out  veins  into  tlie  Cruachan  type.  A  vein  of 
this  knid  is  well  .seen  in  the  i^ranito  crags  at  the  north-western 
end  of  Craig  Dubh.  The  junction  l)et  wccn  the  two  rocks  is  not 
very  sharp,  but  constitutes  a  passage  from  the  one  to  tho  other, 
expressed  by  a  transition-zone  oi  about  an  inch  in  breadth. 
The  two  rocks  are  closely  allied  petrologically — ^in  fact,  they  liave 
the  same  petrological  relationships  to  each  other  as  the  Cruachan 
and  Glen  £tive  granites,  the  latter  being  rather  the  more  add 
of  the  two. 

and  4.)  Hornblende-granite,  diorilc,  and  pinkish  granitite, 
con.sliiuting  tho  Vnm  Cruachan  types.  It  is  not  necessary 
to  enter  into  any  dcUiiled  description  oi  these  rocks,  as 
this  has  already  been  given.*  The  dioritic  typo,  as  has  also 
been  observed  in  the  Ben  Cruachan  district,  constitutes  the 
more  marg[inal  modification,  while  the  more  acid  type  forms 
the  more  important  bulk  of  the  mjxss,  including  many  of 
the  hiirhrr  hills  of  this  part  of  tlic  Blackmount,  such  as  the 
Clachlet  (.S.()02  feet  J,  Aonach  Mor  ( 2,839  feet),  etc.  The  diorite 
or  hornblende-granite,  when  followed  towards  the  inner  part  of 
the  mass,  appears  to  pass  gradually  and  imperceptibly  into  the 
acid  type.  This  latter,  well  seen  in  Corrie  Ba  and  on  the  Claoh- 
let,  is  identical  with  the  rock  forming  tho  upper  portion  of  Ben 
Cruachan.  On  the  ridge  of  Craig  Dubh  the  hornblende-granite 
is  often  much  intermixed  with  the  neighbouring  quartzoso  and 
micaceous  schists.  These  latter  have  frequently  neen  broken  up, 
and  the  fragments  lie  coniiiscdly  in  a  granitic  matrix,  wbicn 
appears  to  fiow  round  them.   

*  nummary  of  J^rogrest  for  1&^7,  p.  86. 
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The  diffsrent  types  of  gmnite  here  described,  their  relatioiu  to  Mr.  Xynat* 
one  another,  and  their  faehAviour  in  the  field,  indicate  one  closely  ^ 

connected  whole.  The  mapping  of  the  area  from  Ben  Cruachan 
to  the  Moor  of  Rannocli  clearly  shows  that  the  granites  of  Ben 
Cnmehan,  Cleii  Ktive,  and  the  Moor  of  Rannoch  constitute  a 
gigantic  mass,  which  has  a^  III  ed  the  form  of  a  helt,  aljout  10 
nules  broad  (inchidin^  the  ^laiiilc  area  on  the  west  side  of  Loch 
Etive),  with  a  general  noitn-eaBterly  and  south-westerly  trend. 
It  is  true  that  [)artsof  this  mass — the  Glen  Etive  and  Moor  of 
Rannoch  granites — appear  to  htixo  been  intaruded  at  a  sh'ghtly 
later  date  than  the  rest ;  but  Mr.  Kynastok  beUevcs  that  the 
intcrrnl  between  them  was  geoh)gioally  insip^iifirnnt.  and  tbiit  so 
far  as  this  ^reat  mass  has  been  mapped,  it  Ix  longs  in  all  its 
members  to  a  sinirlo  geological  period.  It  is  intiTesting  to  note 
in  this  connectiou  tliat  the  trend  of  this  belt  of  granitic  rocks  is 
siniilar  to  the  general  trend  of  the  pianos  of  foliation  in  the  older 
schists.  The  numerous  dykes  and  sills  haTo  had  the  same  ten- 
dency impressed  upon  them,  and  the  planes  of  foliation  observed 
in  part  of  the  Moor  of  Rannoch  granite  follow  similar  lines. 

The  Volcujih  Rod's  ofihr  Blachnonnf. — During  the  survey 
of  the  north-eastern  portion  of  the  Blackmount  'I  'er  forest,  a 
series  of  mteresting  vulcanic  rocks  ha.s  Ix'cn  mapped,  which 
doubtless  represent  an  extension  of  the  volcanic  area  of  Glen  Coe 
— an  area  wnich,  owing  to  the  rugged  and  iuacoessible  nature  of 
the  mountainous  tract  where  the  volcanic  rocks  occur,  has 
hitherto  received  very  little  attention  from  the  hands  of 
geologists.*  It  has  been  supposed  that  these  rocks  constitute 
outliers  of  andosite  livn -flows  of  probably  Lower  Old  Red 
Sandstone  ago.  That  there  are  true  lava-tiows  in  the  Clen  Coe 
area  may  well  be  the  case,  but  so  far  as  the  work  has  piocoeded 
in  the  Rlackmount,  no  rock  has  been  met  with  which  Mr. 
Ktnaston  could  confidently  assert  to  represent  part  of  a  true 
suha^rial  flow.  The  detailed  mapping  of  the  areJi  has,  up  to  the 
present,  only  included  a  very  small  portion  of  the  volcanic 
series/but  it  has  brought  to  light  facts  of  great  interest  and 
significance. 

The  volcanic  roeks  occupy  a  tract  of  exceed in^rly  mountainous 
ground  on  the  south-east  side  of  Glen  Etivo,  and  hom  about  3  to 
6  miles  south-east  of  the  head  of  Glencoe.  The  volcanic  tract 
apparently  forms  a  rougldy  oval  area,  elongated  in  a  north- 
westerly and  south-easterly  direction,  and  extends  from  Sron 
Creise,  the  conspicuous  spur  of  the  northern  ridge  of  the 
(^lacli  Leat]ia<l,  south-eastward  across  the  nicrijed  (Vim  (!len  to 
the  sliarp  east-and-west  ridge  of  Mcall  a  Bhuridli,  miles 
S.S.W.  or  KingshouKP.  The  rorks  which  constitute  this  tract 
fall  into  three  well-marked  divisions: — (1)  fdaites  i^vliyolites), 
(2)  breccias  and  agglomerates,  (3)  homhlende  -  andesiUs. 
This  order  represents  that  in  which  the  rocks  are  frequently 
met  with  in  proceeding  from  the  margin  into  the  central 


«  See  Jndd  **Oii  the  Ancient  Volcanoes  of  the  Hi^dilanda"  Q.J,OJi, 
vol.  xxz^  pp.  804, 295,  and  Teall,  Britiah  Petrography/^  pp.  287,  m 


Digitized  by  Google 


78 


FIEL1VW0RR. 


Mr.  KyiiM-'  portion  oi  the  volcauic  aroa,  The  field-evideace  leads  to  the 
ton.  condnsion  that  those  rocks  constitute  a  larcfc  and  complex 

volcanic  pliip:  or  neck,  and  that  they  represent  the  sit»>  in  this 
area  of  one,  or  perhaps  two,  vents  of  eruption.    These  vents  are 
•         now  lilled  up  with  euoruioub  nm.si>es  of  agglomerate  and  breccia, 
rhyolitic  felsites,  and  andositcs ;  and,  fiirther,  the  mapping  has 
brought  out  what  seems  to  be  a  definite  arrangement  oi  these 
materiids  within  the  Ten^  At  the  margin  lies  an  outer  zone 
of  rhyolitic  felsites,  which  may  however  be  sometimes  absent, 
or  it  may  graduate  into  a  moderatelv  finc-i,«'rained  fclsitic-breccia 
(i.r.,  a  felsite,  or  rhyolite,  charged  with  angular  frainnonts). 
Within  the  felsito  wo  find  massive  and  usnally  coarse  hreccia 
and  agglomerate,  whicli  may  occupy  the  entire  outer  zone  when 
the  fdfiite  is  absent   The  ag^lomezate  encloses  at  least  two 
central  plugs  of  mas^ve  andesite.   The  andesites  and  rhyolitic 
rocks  are,  petrologically,  typical  lavas,  but  in  the  field  they  do 
not  appear  to  constitute  outpourings  that  l:ave  flowetl  out  over 
the  surface  ;  there  is  no  rea.son,  however,  that  they  shonhl  not 
represent,  from  their  plug-like  mode  of  oeciuTeiKie,  the  sul)terra- 
nean  portions  of  lava  -nows  which  rracliud  ami  werespreatl  out  over 
the  surface.  The  Ixjhaviour  of  these  rocks  was  found  to  bo  exceed- 
ingly puzzling,  as  no  sign  could  be  found  of  dip  or  separate  flow 
or  mtercalated  tuflG^,  or  any  of  the  well-known  phenomena 
of    the   lavas   of  western   Argyll,   such    as    might  give 
a  clue  to  the  structure  ot  the  ground,  on  the  supposition 
of  their  being  outliei-s.    The  rhyolites  are  seen  to  tower  up  iu 
huge  Vertical  walls  and  precipices  split  by  numerous  intor- 
sectmg  joint-planCvS,  which  .sumetimes  give  the  rock  a  rudely 
columnar  appearance.     The  scenery  formed  by  these  liinty- 
textured  masses  cannot  fail  to  impress  everyone  who  has  seen 
the  remarkable  and  precipitous  eastern  face  of  Stob  Dearg.  the 
highest  point  (3,345  feet)  of  the  Buchaille  Etive  Mor.  The 
andesites  again  form  similar  features  on  tlie  south  side  of  the 
Mealha-Bhuridh  ridi^e  and  above  the  Glas  C'lioire  north  of  the 
Clachlet,  but  they  are  more  apt  to  crumble  away  and  form  long 
'    slopes  of  scree  and  talus.    Where  stnicture,  otherwise  than 
jointing,  can  bo  observed,  it  is  invariably  vertical  or  almost  so. 
The  fluxion-banding  of  the  rhyolites,  which  is  often  well  marked, 
is  vertical.    Different  varieties  of  andesite  succeeil  one  another 
in  vertical  bands,  sometimes,  as  on  Meall  a  Bhuridh,  with 
vertical  flow-banding.    VesiculiU-  structure  is  rare  or  alto^^ether 
absent.    The  rocks  traverse  alike  elevated  ridges  and  deep  glens 
in  a  manner  which  cannot  be  reconciled  with  the  ide<i  ot 
outliers.    But  a  study  of  the  junction  sections  between  the  liner 
breccias  and  felsites  and  the  surrounding  quartzites  seems  to 
afford  perhaps  the  most  conclusive  test  of  the  nature  and  mode 
of  occuiTencc  of  these  volcanic  On  the  north-eastern 

slopes  of  Meall  a  Bhuridh  some  excellent  junctions  or  contact- 
sections  are  exposed,  where  the  lowermost  crags  of  felsite  and 
breccia  stand  out  above  the  quartzites.  At  first  sight  these 
volcanic  crags  might  appear  to  be  resting  ii/)on  the 
i^uarLzites,  but  a  closer  exammation  shows  that  the  felsites  and 
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Mr.  KynM-  Msitic  breccias  rest  vertically  against  the  quartzites  and 
^'^  qtiartzose  schists,  the  former  beiiig  frequently  crowded  with 

quartzite  and  schistose  fragments.   The  junction  is  like  that  of 

an  intrusive  rock,  tlio  volcanic  ronks  appearing  to  liave  been 
forced  up  through  the  schists.  Tlio  lelsitc  s(>?notimes  shows 
t^'ood  flow-structuro.  which  is  vertical,  at  the  <  outact.  The 
foliation  in  the  schists  is  here  also  vertical!,  but  It  is  not 
nonnaliy  so  in  this  area.  The  felsite  apix^ars  to  graduate  into 
the  breccia  by  a  gradual  accretion  or  foreien  fragments. 
Sometimes  the  schists  are  imdisturbed,  and  the  contact  is 
remarkably  clean  and  sharp,  but  often,  again,  they  are 
cxtroniely  broken  up,  and  indicate  in  a  remark;iblr  manner 
tho I i't'^t(Mi lig  and  rending  to rce  of  the  volcanic  outliin  t^.  In 
tlu!  loruR  i  case  the  contact  is  usually  with  compact  leisito,  in 
the  latter  case  with  breccia. 

In  some  cases  the  junction  between  the  older  rocks  and  the 
breccia^  connected  with  the  outer  zone  of  the  neck,  is  exceedingly 
complex.  It  may  in  these  cases  consist  almost  entirely  of  quartzite 
fragments,  and  it  is  diificult  to  separate  it  from  the  tnie  quartzita 
From  normal  apparently  undisturbed  quartzite  we  pass  into 
shattered  (juart/itt!,  and  from  this  into  quartzite-breccin,  with  a 
dark  greyish,  sometimes  almost  black,  iiiatrix,  full  of  small 
quartz  grains.  Tliis  is  well  seen  at  the  side  of  the  burn  in 
Coire<4in-£asain,  south  of  Meall  a  Bhuridh,  where  also  veins 
and  bands  of  the  breccia  pierce  the  quartzites  in  an  IntrusiTO 
manner. 

The  survey  of  the  entire  area  of  the  neck  is  not  yet  completed, 
but  the  facts  at  present  known  from  the  mapping,  and  from 
traver'^'-s  over  the  other  part  of  the  ij^roimd,  show  that  the  tract 
is  proljably  of  an  elongated  oval  or  elliptical  form,  the  outCT 
portions  of  which  are  occuj)ied  by  felsitcs,  brccciiis,  and  agglo- 
merates, while  the  inner  portion  contains  two  plugs  of  andesice ; 
one  constituting  the  whole  of  the  upper  |)art  of  Meall  a  Bhuridh 
(3,636  feet),  exposed  to  a  vertical  thickness  of  nearly  1,600  feet, 
and  measuring  over  half-a-mile  in  diameter;  the  other  being 
exposed  for  a  distance  of  close  upon  a  mile  on  the  elevated  ridge 
(:V,<iOO  feet)  between  Sron  Creise  and  the  Clach  Leathad.  These 
two  plugs  are  separated  mainly  by  agglomerate,  though  between 
the  two  there  are  evidences  of  one  or  two  subordinate  plugs  of 
lam  Alonff  its  longer  axis  the  entire  neck  measures  at  least 
two  miles.  To  add  to  the  complexity  of  these  volcanic  masses, 
a  Tast  number  of  sills  and  dyKes  of  porphyrite,  with  some  of 
quartz-por])hyry,  have  cut  through  them  in  a  general  north- 
easteily  and  south-westerly  direction,  and  these  appear  to 
increase  in  frequency  in  the  central  plugs  of  andesite.  Further- 
more, the  gramte  of  the  Clach  Leathad,  which,  as  above  stated,  is 
an  extension  of  that  of  Ben  Cruachan,  has  invaded  the  neck  in  its 
'  south-western  portion,  and  intrusive  contact-sections  may  clearly 
be  seen  between  it  and  the  andesites  and  breccias  of  Meall  a 
Bhuridh  on  the  one  hand,  and  the  andesites  of  the  ridge  north 
of  the  Clach  Leathad  on  the  other.  The  granite  has  been  mtruded 
into  these  rocks,  and  frequently  veins  them.    The  contacts  in 
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tlie  field  are  clear  and  well-defined,  and  decided  contact-alteration  Mr.  KfntM- 
has  bnen  produced.    Tliis  has  been  confirmed  beyond  all  room  ^oo* 
lor  doubt  by  the  study  of  a  numl)er  of  sections  of  both  altered 
and  unaltered  rooks  under  the  microscope. 

With  regard  to  the  relation  of  the  oifierent  kinds  of  rock  in 
the  neck  to  one  another,  the  feLsite  or  rhjolite,  as  aheady 
remarked,  appears  to  graduate  into  the  finer  type  of  breccia^ 
and  one  cannot  draw  any  line  between  this  material  and  the 
coarser  breccia.s  and  a cf![pom crates.  Tliere  ma\\  however,  be 
some  A'l><itos  which  are  intrusive  in  the  agglomernto'?  Xo  hard 
and  t'asi  line  can  be  drawn  between  breccias  consisting  almost 
entirel}'  of  (luartzite  fragments  and  coarse  agglomerates  con- 
sisting mainly  of  fira^pients  of  felsite  and  andesite.  In  some 
places  the  breccia  mif^t  be  termed  comparatively  fine-grained, 
and  is  full  of  small  ir  i^nnents  of  quartziteand  felsite,  averaging 
half  an  inch  in  length  or  less,  but  more  usually  the  main  mass 
of  the  rock  is  a  confused  agglomcratic  mixture  of  anj^dar  frag- 
ments of  all  sizes,  consisting  of  quart/,ite,  felsite,  micaceous  scliist, 
with  occasional  pieces  of  andesite.  The  quartzito  fragments  are 
sometimes  two  yards  or  more  in  length.  As  we  approach  the 
andesite,  the  agglomerate  becomes  more  and  more  andesitic, 
oonsbting  mainly  of  andesite  Iragments,  but  not  invariably  so; 
sometimes,  as  on  the  south-east  side  of  Meall  a  Bhuridh^  the 
fragments  become  smaller  and  less  abundant,  imtil  a  kind  of 
transition  rock  appears,  which  soot^is  to  be  blended  and  inter- 
banded  in  a  pnculiar  manner  with  the  true  andesite.  The 
appeeranct'  is  sometimes  that  of  a  passaw  and  sometimes  that  of 
a  vertical  intrusive  jimction,  on  the  pari  ot  the  andesite.  At  the 
junction  the  andesite  is  often  ezceecungly  rich  in  derived  quartz 
grains  and  finfuments  of  quartzite.  On  Meall  a  Bhuridh  more 
or  less  vertical  bands  of  slightly  varying  types  of  andesite  suc- 
ceed one  another  as  the  ridge  is  followed  from  east  to  west. 
These  bands  nppear,  like  the  porph^Tito  dykes,  to  have  here  a 
N.N.E.  and  S.S.\V.  trond.  Sometimes  a  thin  layer  of  brecciated 
andesite  is  seem  betwucn  two  bands.  Along  the  summit  of  the 
ridge  the  banding  due  to  flow  is  vertical ;  at  the  west  end,  above 
the  granite  contact,  it  seems  to  dip  steeply  eastwards  into 
thelSlL 

On  the  north  sideot  Glen  Etive  large  masses  of  rhyolitic  rocks 
breccias,  and  agglomerates  form  the  Buchaille  Etive  Mor,  and 

mark  apparently  another  largo  neck.  Stob  Dearg,  the  highest  peak, 
appears  to  consist  mainly  of  masses  of  a  rhyolitic  nature  from 
base  to  summit ;  but  the  mapping  hiis  not  been  commenced  yet 
in  detail  on  this  side  of  the  glen.  A  traverse  has  shown  the 
existence  of  several  varieties  of  rock  of  rhyolitic  affinities,  of  a 
compact  fiint-like  texture,  vanning  in  colour  from  almost  black 
through  shades  of  purple  and  brown  to  a  brick-red,  often  with  a 
most  perfect  flow-structure,  and  usually  showing  small  felspar 
phenocrysts,  with  occasionally  quartz  in  addition.  The  red 
lelsites  forming  the  summit  (hence  its  name,  Stob  Dearg — the 
red  peak)  present  a  striking  appearance,  broken  and  splintered 
by  the  action  of  the  frost,  and  strewn  over  the  surface  in  count- 
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Mr.  KjiMft-  less  sharp,  angular  fragments.  BreccinB  and  agglomemtos  are 
ton*  seen  just  below  the  summit,  and  throughout  the  greater  portion 

of  the  big  corrio  on  the  soutli-west  side. 

Mr.  Kynahton  has  made  a  study  of  ibo  |Mjtro!:xrf^|>hi'\(l 
character  of  the  Hhyulitic  rocks,  the  Breccias  and  Ag^loiiiuraLes, 
and  the  ^bidcsilcii.  His  results  will  appear  in  the  Survey 
Memoirs.  Space,  however,  may  be  found  here  for  his  aooount  of 
the  contact  pnenomena  of  this  region*  as  these  bear  on  the  age 
of  the  granites. 

.  The  rocks  that  have  been  altered  b^  the  intrusion  of  the 

granite  into  the  volcanic  serias  conipnse  the  anrh'sites  of  the 
western  and  suiuli-wcslern  slopes  of  ^leall  a  Bhuridli,  and  of  tho 
ridge  nortli  of  tlu'  (  lach  Leatnad,  with  some  of  the  tiner-irrained 
varieties  of  the  breccias  between  them.  Some  of  the  rlivolitic 
rocks  occur  very  near  the  granite  at  the  east  end  of  ALeall  a 
Bhuridh,  but  no  marked  signs  of  contact  alteration  have  been 
observed  in  them.  The  alteration  of  the  breccias  has  not  yet 
been  examined  in  detail.  Some  of  the  specimens  examined 
were  evidently  complex  rocks,  consisting  of  a  mixture  of 
andosiiic  and  more  or  less  fraixnicntal  material  rich  in  derived 
quartz.  Tho  fragments  of  (]uartzito  in  these  rocks  appear  to  be 
^adually  losing  their  individuality ;  the  sharp  outline  becomes 
mdistinct,  and  uiider  the  microscope  [9170]  the  fragments  tend 
to  become  merged  into  the  surroundmg  rock.  The  main  mass 
of  the  section  consists  in  part  of  a  mosaic  of  quartz  and  felspar, 
diroughout  which  are  sciittered  numerous  small  biotite  flates, 
minute  gi-eenish  crrains  (honiMendo  ?),  and  magnetite,  and  in 
part  of  quart?:  grains  in  a  fine  brownish  mntrix.  Other  portions, 
again,  break  up  into  a  mosaic  of  micropoikiiitic  felspar,  m  which 
tiie  secoudar)  miucralii  are  embedded.  Sometimes  there  is  a 
marked  pazaUel  arrangement  between  the  different  materials, 
and  sometimes  the  appearance  of  brecdation  [9173}  In  less 
altered  specimens  the  ande.sitic  portions  retain  their  original 
structure  [9172].  These  rocks,  then,  are  not  true  andesites,  but 
mixtures  of  material  of  diverse  origin,  whose  presence  is  perhaps 
rather  to  be  expected  at  a  main  focus  of  volcanic  activity. 

In  the  anw'sile-s  the  connnencing  stages  of  alteration  are 
seen  at  the  west  end  of  the  MeiiU  a  Bhuridh  ridge,  and  may  bo 
traced  up  to  the  granite  contact.  One  of  the  most  noticeable 
general  features  of  these  altered  rocks  is  the  invariable  loss  of 
the  dark,  almost  velvety  appearance  of  the  unaltered  fresh  rock. 
The  colour  becomes  pale  grey  and  the  rock  loses  its  sharp 
angular  fracture,  presumably  with  the  developmont  of  a  more 
thoroughly  holocrystalline  structure.  The  brown  hornhlendo, 
the  first  mineral  to  be  attacked,  is  replaced  by  clusters  of  smnll 
biotite  flakes,  usually  associated  with  aggr<^tes  of  gieen  horn- 
blende and  magnetite  granules  [9163,  9174j.  At  first  the  form 
of  the  original  crystal  is  maintained,  but  it  is  completely  lost  in 
the  later  stages;  frequently  the  replacing  aggregate  consists 
almost  entirely  of  green  hornblende,  and,  on  tho  other  hand,  in  the 
pyroxono-bcaring  varieties  north  of  tho  Clach  Lcathad,  the  brown 
liornbiendo  is  replaced  almost  cuUreiy  by  biotite,  with  a  little 
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magnetite.  In  the  commencing  stages  portions  of  the  original  Hr.  K^aaa- 
uniutered  hornblende  may  be  seen  surrounded  by  a  thick  cluster 
ofbiotite  flakes,  the  i^holc  with  the  ch;i  met  eristic  form  of  the 
hornblende  crj'stal  [9179].  The  felspar  phenocysts  are  usually 
marked  by  a  peculiar  clonrliness,  but  show  a  marked  stability, 
and  sometimes  appear  to  maintain  tlioir  individuality  even  at 
the  actual  contact  [9169].  Tlie  mirrolites  of  fhc  ground-mass 
become  indistinct,  and  gradually  the  entire  ground-mass  becomes 
replaced  bj  a  clear  granular  mosaic  [9171,  9174].  Sometimes  a 
relatiyelj  coarse  aggregate  is  seen  of  dear  micropoikilitic  felspar, 
in  the  more  advanced  stages  [9l7dX  while  a  profusion  of  small 
biotite  flakes,  often  in  aggregates,  and  frequently  accom- 
panied by  grooTi  hornblende  and  granules  of  magnetite,  lies 
scattered  throughout.  The  green  uomhlenrle  is  sometimes  in 
excess  of  the  biotite  [91'^  7].  Grains  of  sphene  occur  at  the 
actual  contact  [9176].  The  pale  greenish  augite,  when  present, 
is  replaced  by  a  pale  green  hornblende,  but  shows  &r  more 
stability  than  the  phcncH  rysts  of  brown  hornblende  [9179].  At 
the  contact  the  granite  is  &irly  coarse  and  of  an  acid  type.  It 
sometimes  sends  small  tongues  into  and  encloses  portioni^of  the 
andesite  [9169]. 

It  has  now  been  conclusively  shown  that  the  great  f^nanite 
mass  which  extends  from  Ben  Cruachan  to  Kingshouse  is  of  later 
date  than  the  plugging  up  of  the  great  necks  of  the  Blackmount 
area,  and  there  can  be  no  reason  to  doubt  that  these  latter  are 
an  extension  of  the  yolcanic  series  of  Glenooe.  The  Glencoe 
rocks  have  for  some  time  been  regarded  as  of  Lower  Old  Red 
Sandstone  apfc;  the  survey  of  the  Blackmount  area,  although  at 
an  early  stage,  tends  to  suppfirt  this  view.  It  might  perhaps  be 
urged  tliat  no  true  augite-  or  enstatite-andesites,  such  as  are  so 
characteristic  of  the  Lome  basin,  have  been  found  amont'  the 
Blackmount  series,  and  that  the  whole  of  this  latter  series  has  a 
more  acid  tendency.  But  it  must  be  remembered  that  it  is  an 
exceediUgly  common  and  characteristic  feature  in  many  volcanic 
districts  for  the  materials  of  necks  and  plugs  to  be  more  acid 
than  the  lava -flows  whicli  are  associated  with  them,  and  we  know 
also  that  in  the  up^)er  part  of  the  Lornt^  series  there  arc  acid 
rocks  allied  to  rhyolito,  sometimes  associated,  as  in  (Jlen  Nant, 
with  hornbleude-andesites.*  Further,  the  tuffs  of  Lorne,  which 
belong  also  to  a  high  horizon,  indicate  the  blowing  to  pieces  of  acid 
rocks,  and  frequently  contain  fragments  of  typical  nomblende- 
andesites.  It  would  not  be  surpnsing,  therefore,  to  find  plugs 
of  the  same  age  containing  homblende-andesites  and  felsites, 
since  such  plugging  up  of  vents  of  eruption  must  necessiu-ily 
succeed  the  latest  subacrial  outpourings  and  n  present  the'  final 
phase  of  tlie  eruptive  a(  tivity  of  a  volcanic  focus.  In  the 
agglomerates  near  Kilmelfort,  niapped  by  Mes.srs.  Peach  and 
Symes,  Mr.  Kynaston  noticed  many  phenomena  similar  to  those 
observed  in  the  Blackmount  He  nas  also  recently  collected 
evidence  of  the  existence  of  a  series  of  altered  andesitic  rocks  on 


'  *  See  Summary    Progrut  for  1897,  ]k  84. 
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BCr.  KynM-  the  eftBtam  sido  of  the  Ben  Cruachan  mnee,  which  in  many 
^*  respects  show  a  remarkahle  rosemblaaoe  to  toe  altered  andesites 

of  Meall  a  Bhuridh  and  the  Ckch  Leatbad  -ridge  above  described, 

and  have  a  similar  mode  of  occurrence.  If  the  evidence  of  these 
rocks  is  to  be  relied  upon,  this  fact  ■vvoiild  help,  as  it  were,  to 
bridge  over  tho  .gap  octwecn  the  Lome  basin  and  the  Black* 
Hiuunt. 

Silk  and  Dykes. — In  the  area  of  tho  Blackmount  numerous 
sills  and  dykes  traverse  the  older  schistose  rocks,  the  volcanic 
series,  and  the  granites.  They  comprise  some  quartz-porphyries, 
a  large  assemblage  of  porphj^rites,  the  small  and  more  compact 
varieties  of  which  are  practically  intrusive  andesites,  with  an 
occasional  diorito  nnd  camptonite.  A  good  quartz-porph}Ty  is 
seen  culling  t)\c  felsites  of  Sron  Crcise.  It  shows  crystals  of 
ortboclase,  plagioclase,  quartz,  and  some  chloritic  |)soudoTnorphs 
after  biotite,  in  a  cr3^tocrystalline  matrix  [9130 J.  The  quartz 
often  shows  good  crystal  form,  and  only  very  slight  majgmatic 
corrosion.  The  ourphjnrites  are  especially  abundant  in  the 
neighbourhood  of  the  andesitic  plugs.  They  resemble  for  the 
most  part  the  porphyrite  sills  in  the  Ben  Cruachan  area.  A 
sill  of  a  very  fresh  and  typical  hornblendc-poiiDhjTite,  seen  at  the 
top  of  Stob  a  Choi  re  Odhair.  shows  under  the  microscope  [9020] 
phenocrvsts  of  clear  ])lagioulase,  often  zoned  and  sometimes 
showing  perichno  Lwiuiiing,  fresh  idiomorphic  brown  hornblende 
and  biotite.  Both  the  hornblende  and  biotite  are  occasionally 
enclosed  in  the  felspar.  Some  pale  green  fibrous  hornblende  also 
occurs,  which  may  possibly  represent  altered  augita  Sphene, 
magnetite,  and  apatite  are  accessory.  The  ground-mass  is 
microcr}'stalline,  and  consists  of  small  plagioclases,  small  biotite 
flakes,  with  some  interstitial  quartz,  and  probably  also 
sonic  alkali  felspar.  The  porphyrites  invariably  snow  a 
well  -  marked  chilled  edge,  the  marginal  part  being 
often  almost  black,  and  resembling  an  andesite,  while 
the  central  portion  may  be  of  a  brick-red  colour.  Specimens 
from  the  margin  and  centre  of  one  of  these  sills  were  compared 
under  the  microscope.  The  central  portion  [9131]  shows 
phenocrysts  of  hornblende,  })iotito,  and  plagioclase,  in  a  ground- 
mass  consisting  mainly  of  smaller  plagioclases  and  micropeg- 
malite.  S|)heno  and  apatite  are  accessory.  The  margin  of  the 
same  sill  [9132]  shows  ^henocrysts  ol  ihe  same  minerals,  but 
in  a  much  fresher  condition  and  with  sharper  czystal-outlines,  in 
a  brownish  felsitic  matrix,  which  under  crossed  nicols  splits  up 
into  lighter  and  darker  spots  and  patches,  possibly  representing 
a  sub-microscopic  stage  in  the  development  of  the  micropegma- 
tite  seen  in  the  central  portion.  These  sills  evidently  represent 
the  (lyke-phasc  of  a  liornblcnde-andesitc  magma.  They  resemble 
tho  horn blende-por[)by rites  of  the  Criti'el  area. 

A  rather  unusual  type  of  diorito  is  seen  cutting  tho  ^uartzites 
on  the  north  side  of  Corrie  Bk  It  appoars  to  consist  [9133] 
mainly  of  plagioclase  and  hornblende,  llie  former  is  for  the 
most  part  idiomorphic,  and  the  latter  consists  of  two  varieties — 
one  reddish-brown  and  the  other  pale  greea  The  brown  horn- 
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blende  occurs  as  relatively  large  j[>atches  which  frequent!)"  Mr.  uaa- 
enclose  biuaII  idiomorphic  felspars  in  a  poikilitic  or  ophitic 
manner.  It  is  also  frequently  crowded  witn  small  opaque,  rod- 
like inclusions,  with  a  parallel  arrangement  The  green  horn- 
blende occurs  in  smaller  cr}'stals  ana  grains,  and  occasionally 
appears  to  fonn  a  narrow  border  to  portions  of  the  brown  horn- 
blende and  in  crystalline  continuity  vnih  it. 

Kefercnce  may  here  he  made  to  a  lamprojiJn/re  sill  that  occurs 
among  the  quartzites  on  the  hill  slope  above  the  Episcopal 
chur(£  in  Glen  Creran.  The  weathered  ia/ce  is  seen  to  be  thickly 
studded  with  quartzite  firagments,  and  in  places  the  rock 
is  so  full  of  these  iragments  as  to  become  a  breccia.  11  le 
fragments  are  sometimes  rounded,  but  more  often  angular. 
Hit'  margin  of  the  sill  is  a  mixture  of  breccia  and  .shattered 
cjiiartzite.  Somewhat  similar  sills  have  boon  reported  by  Mr. 
<4rant  Wtlson  from  Glen  Orchy,  and  from  Glen  Suileag  m  the 
Loch  Eil  district.*  The  sill  in  Glen  Cicran  only  appears  at  the 
sur&oe  for  about  100  yards,  disappearing  below  tne  quartzites  at 
either  end.  We  arc,  perhaps,  therefore^  not  &r  from  its  vertical 
limit,  and  possibly  we  may  explain  the  abundance  of  fragments 
by  supposing  them  to  represent  portions  torn  from  the  walls  of 
the  fissure  at  various  levels,  and  carried  onwards,  floating;'  on  the 
lamprophyrc  mapfma,  so  that  they  would  tend  to  accumulato 
towards  tbo  limit  of  its  intrusion* 

Caiboniferous. 

During  the  past  year  the  areas  of  Carboniferous  rocks  which 
have  been  examined  and  manped  by  the  Geological  Surv  ey  have 
lain  in  South  Wales,  North  Statibrdshire,  and  luijoining  counties, 
and  the  Culm  districts  of  Devonshire. 

SotTTB  WMJ&t 

Cat^boniferom  Limeetime. — This  subdivision  of  the  system  Messrs. 
has  been  mapped  on  the  North  Crop  by  Mr.  Cantrill,  and  in  ^^j;*^*"- 
Gower  on  the  South  Crop  by  lh\.  Tiddemax.  It  not  only  olattill. 
expanfls  vastly  in  its  passage  southwards  under  the  coal-tield, 
but  changes  so  completely  in  thu  detailed  sequence  of  strata 
that  no  correlation  of  the  two  tracts  is  possible  except  as  regards 
the  upper  and  lower  members.  On  the  other  hand,  the  sections 
observed  by  Mb.  Cantrill  correspond  almost  in  detail  with 
those  described  in  previous  Reports  along  the  North  Crop  further 
east,  while  Mr.  Tiddemax  is  able  to  pick  up  in  Gower  some  of 
the  horizons  with  which  he  had  become  familiar  in  the  neigh- 
bourhood of  Bridgend.  Further  proof  is  thus  afforded  r>f  the 
fact  already  made  clear  that  the  inembers  of  the  (  'arbonilcrous 
system,  though  rapidly  developing  and  changing  character  in  a 
north  to  south  direction,  remam  mirly  uniform  in  an  cast  to  west 
direction.   It  may  be  assumed  that  the  rocks  were  deposited 


*  Summary  qf  Frognu  for  18d7|  ii.  66. 

f  Tiiis  eection  hss  been  diawn  up  by  Mb.  Stkahah. 
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Messrs.        alon^  a  shore  ruiiiiinj^^  east  and  west,  at  no  ^eat  distance  north 
Tiddenmn         ^     piosijiil  limit  of  the  Carboniferous  arua. 
aod  Cantriii.  North  Crop  Mb.  Oaktbill  recognises  the  following 

diviflions  of  the  Limestoiie  series,  in  descending  order: — 

i Shales  with  thin  black  and  impure  Lime- 
stones decalcified  at  the  outcrop,  and 
worked  for  rottenstone.  and  with 
two  or  more  thin  bands  oi  radiolanan 
chert 

{Dark  Limestone  with  nodules  of  Blade 
chert,  devoid  of  radiolaria. 
Light-coluiu-ed  Oolite,  3u^  to  40fe«t. 
Dark  Limestone  and  Oolite. 
Loirar  limestone  Shales.  Shales  with  thin  Limestones. 

Tho  Lower  Limestone  Shales  are  about  15  feet  thick  at  Gsreg- 
yr-Ogof,  tho  most  northerly  polonpuion  of  the  Limestone. 
Further  west,  at  the  sources  ol  the  Olydach,  thty  arc  probably 
twice  that  thickness,  and  may  there  be  seen  to  pass  down  into 
yellow  sandy  shales  and  sandstone,  and  so  into  tho  Grey 
Grits.  On  tne  Cennen  they  are  about  34  feet  thick- 
Somewhat  more  than  half  of  the  Main  Limestone  consists  of 
a  dark  rook,  much  of  which  is  minutely  oolitic.  A  thin  band  of 
corals  some  few  feet  above  its  base,  which  was  first  noticed  east  of 
Glyn  Tawe,  persists  as  fa.T  as  the  mapping  has  proceeded.  Upon 
the  top  of  tho  dark  limestone  conies  asoit,  fine-grained  sandstone 
of  a  fight-grey  or  yellow  tint  which  weathers  in  the  pitted 
inaiinur  characteristic  of  calcareous  sandstones.  It  lias 
evidently  been  a  very  sandy  limestone.  Though  only  about 
10  feet  thick,  it  has  been  traced  almost  continuously  from  Gh  n 
Tawe  "irestwards  for  about  12  miles.  The  sandstone  is  su  cceeded 
upwards  by  the  light  oolite,  which  always' forms  a  conspicuous 
horizon  about  the  middle  ot  the  limestone-crags.  To  the  south- 
east of  Trapp  it  is  about  30  or  40  feet  thick.  It  passes  upwards 
thr (  tiirh  darker  oolite  containing  many  grains  of  sand,  into  dark 
thm-l»tdded  limestone  with  nodules  of"  black  chert. 

The  Rottenstoiic  Shales  are  of  exceptional  interest  on  account 
of  the  discovery  in  them  of  bands  of  radiolarian  chert,  as  here- 
after described.  The  series  is  thin  and  everywhere  obscured  by 
the  dSbria  of  the  Millstone  Grit,  but  the  outcrop  is  marked  by 
an  almost  continuous  line  of  old  workings  for  tho  rottenstone,  a 
residue  of  the  thin  black  limestones  after  decaleifiLtiition.  Tlio 
result  of  a  microscopic  examination  of  the  chert  by  Dr.  IIiniu:  is 
given  below.  Though  radiolaria  are  not  uncommon,  sponi^o 
spicules  predominate.  The  occurrence  of  these  orgauLsms 
suggests  a  deep-water  origin,  but  the  series  is  immetlhitely 
overlain  by  the  pebbly  conglomerate  which  forms  the  base  of 
the  Millstone  QnL  WavelBte  occurs  on  the  joint-faces  of  the 
harder  bands. 

In  the  south  crop  Mr.  Tiddeman  finds  evidence  of  a  con- 
siderable development  of  the  Lower  Limestone  Shales,  though 
there  are  but  tow  sections.  The  hnmlet  of  Southgatc  is  built  on 
a  splinter}'  oUve-brown  shalo  in  winch  fragmentary  lo^sils  occur, 
ana  there  is  a  probable  inlier  near  the  viffiige  of  Paikliill.  Tho 
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varieties  of  iimesiono  previously  observed  by  Mr.  Tiddeman  Measre. 
(Swmmai^y  of  Proyrcss  for  18UU,  J3p.  111-112)  persist  in  the^^J^*"|^ 
ground  recently  surveyed.  The  pitted  limestones  of  pseudo-  Canuill 
brecciatod  typo,  which  are  noticed  at  Kewton  Nottage  and 
Mumbles  Head,  have  been  found  near  Uefridd  and  further  south 
at  Ozwich,  with  intermediate  exposures  at  PwU-du  Head  and 
Bishopston.  They  keep  t<>  a  definite  horizon  near  the  top  of  the 
Carboniferous  Limestone,  and  obviously  oavo  their  breccia-liko 
appearance  to  conditions  oi  original  deposition,  and  not  to 
crushing,  although  dolomitisation  has  been  at  work  subsequently. 
Where  dolomitisation  has  not  been  set  up,  the  chinks  which 
meander  through  the  rock  msbj  be  better  seen,  and  it  is,  then, 
obvious  that  they  do  not  follow  planes,  as  would  be  the  case 
mth  jointing  or  fractures  from  crushing,  but  wander  about  like 
the  lines  in  a  pnzzle.  The  component  pieces  have  been  subjected 
to  some  force  actiiit^  round  separate  centres,  as  in  the  formation 
of  nodules,  and  the  several  spheres  of  influence  have  hf  cotho 
irregularly  crowded  together  at  the  periphery,  thus  pruiiucing 
the  curious  fissures  wmch  bound  them.  These  have  in  most 
ptrts  been  paths  for  dolomitic  action,  and  so  the  centres  stand 
out  like  angular  and  rounded  fragments,  and  look  at  first  sight 
like  those  of  breccias  or  conglomerates. 

Tlio  Upper  Limestone  Shales,  which  made  their  first,  or  rrost 
easterly,  appearance  near  Portwyllt,  in  the  North  Orop,"^  havo 
now  boon  definitely  recugnibud  in  the  Sontli  Crop  in  Gowcr.  A 
cuttuig  on  the  road  from  Clyne  Common  to  Bishopston  forms 
the  only  section  known  at  present,  though  clay  was  formerly 
dug  from  the  outcrop  of  the  shales  near  Xewtoa  East  of 
Swansea  the  series  is  unkno^vn.  It  would  seem,  theretore,  that 
while  in  both  the  North  and  South  Crop  the  Upper  Limestone 
Shales  make  their  appearance  in  a  westward  direction,  tbcv  come 
in  somewhat  later  on  the  south  side,  or,  in  other  words,  tLit  the 
eastern  margin  of  their  area  of  deposition  runs  in  a  south- 
westerly dii-ection. 

So  long  ago  as  1846  these  Bishopston  strata  received  the  close 
attention  of  De  la  BECHRf  He  not  only  measured  a  detailed 
section  J  through  some  1,000  feet  of  the  strata  lying  next  above 
the  massive  CSrboniferous  Limestone,  and  sketched  the  distri- 
bution of  the  series,  but  instituted  a  careful  comparison  of  the 
Gower  sequence  with  that  of  North  Devon.  Hx3  pointed  out 
that  the  ({ower  series  generally  resembles  the  straU-i  which 
graduate  down  into  the  rilton  group,  and  made  special  refer- 
ence to  certain  whitish,  grey,  and  black  shales,  in  thin  beds, 
intermingled  with  white  arenaceous  and  millaceous  layers, 
noticed  by  Prof.  Philups  at  Coddon  Hill  The  siliceous  bands 
in  the  Coddon  Hill  strata  had  long  been  known  to  contain 
wavellite  in  the  joints,  and  D£  la  Beche,  without  laying  much 

•  Sunmiary  of  Progress  for  1898,  p.  112. 

+  Memoirs  of  the  GJeological  Survey,  vol.  i.,  pp.  133  134, 

\  The  section  Is  believed  hy  Mr,  Tiddbman  to  have  hom  fiMABBFed 
aloog  a  cut  for  a  mill-race  now  disuned  and  overtjiowu. 
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Messrs.  stress  on  the  ia>ct,  regarded  it  as  interesting  tliat  the  same 
strahao,  mineral  occurred  under  supposed  similar  geological  conditions  in 
I^d  Sui.  Coddon  mU  beds,  which  had  hitherto  been 

regarded  as  arenaceous  and  chcrty  sediments,  were  proved  in  1895 
by  Dr.  G.  J.  Hinde  and  Mb.  Howard  Fox.  *  to  be  rocks  of 
organic  origin,  consisting::,  to  a  great  extf^nt,  of  radiolaria,  and 
forming  one  of  the  largest  deposits  of  such  remains  hitlicrto 
known.  Under  these  cn-cumstaiices  it  was  recognised  that  the 
detection  of  radiolaria  in  Soutli  Wales  woukl  possess  the  greatest 
interest  as  being  Vkely  to  confirm  the  comparison  instituted  by 
Be  la  BECHE,and  to  assist  in  the  extremely  difficult  co-relation  of 
the  strata  on  the  two  sides  of  the  Bristol  OhanneL  Accordingly 
search  was  made,  and  met  with  immediate  success,  both  in  the 
North  and  South  Crops.  Sufficient  proof  has  been  obtained  that 
the  Coddon  Hill  Senes,  the  Gower  Series,  and  the  Kottenstone 
Beds  are  strictly  correlative  deposits. 

As  described  by  Ma.  TiDDEMAN,  the  road  in  which  the  section 
occurs,  between  Olyne  Common  and  Bishopston,  runs  parallel  to 
the  top  of  the  uppermost  massiye  limestone  for  about  500  yards. 
The  rook  is  oolitic  but  dolomitised  ia  places,  and  dips  at  50  or 
60deg.  to  the  N.X.lv  The  strata  cut  through  by  tne  road  are 
somewhat  cnmipled.  They  consist  in  their  lower  part  of  at  least 
30  feet  of  white  and  yellow  clays.  Above  these  he  about  lo  feet 
of  more  distinctly  bedded  elavs,  hard  and  soft,  with  irregular 
thin  seams  of  limestone  and  chert ;  they  contain  wavellite  (a 
hydrous  pho8|>bate  of  alumina)  in  small  discs  of  radiatixig 
cr}^stals  in  the  joints  of  the  harder  bands,  and  yield  a  character- 
istic Carboniferous  Limestone  fauna.  The  following  specimens 
have  been  identified  by  Mr.  E.  T.  Newton  and  Dr.  L.Ki3CHiN 
from  the  rottcnstonc  below  the  radiolarian  cherts — 

Crinoid  stem  ossicles  (mould);  Fenestelkc  sp. ;  Polyzoon; 
Chovrtrs  ^;  Orikw  sp. ;  Froduetas  (frajrmcnt  of  small 
valve);  Rhynclwiulla ? ;  Spirifera  trigonal lh:  Mart.;  Spiri- 
fent,?;  Spiriferma  ef.  cristcUa,  Sohloth ;  Cy there  f;  (Mffitkides 
(fragment  of  head-shield);  PhilUmui  ?  (nygidium). 

The  cherts  in  this  series  are  suicified  limestones,  and  contain 
a  large  foraminifer  (cf  Niimmidina  pristina,  Brady),  sponge- 
spicules  (decomposecl),  fragments  of  ocniTiodorm  plates  anaDe^?- 
talium  ?  At  the  top  of  this  group  some  tinn  ijlack  cherts  occur, 
which  are  distinguisned  by  showing  white  stre^iks,  more  or  less 
lenticular.  The  resemblance  of  those  banded  cherts  to  the  radio- 
larian chert  of  Coddon  Hill  was  obvious,  and  a  typical  specimen 
was  collected  by  Mr.  Woodward  during  a  visit  to  the  spot  with 
Mr.  Stratian  and  Mr.  Tiddeman,  in  order  that  it  might  be 
cxainincd  under  the  microscope.  The  specimen  was  pronotmced 
by  Dn.  Hinde  to  be  a  typical  example  of  the  Culm  K?i<liolarian 
Chert,  and  to  resemble  very  closely  the  Devonshire  culm  cherts. 

A  few  days  after  this  specimen  was  obtained  the  outcrop  of 
the  Rottenstone  beds  on  the  north  side  of  the  Coal  Field  was 
visited  by  Mr.  Strahan  and  MiEt.  Camtrill,  and  specimens  of 

*  Quart,  Jaum.  Geoi,  8oe.^  yoL  H,  p,  609. 
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banded  chert,  which  had  been  noted  by  the  latter,  were  collected  Messrs. 
at  Careg^  Dwfan,  there  beinqf  reason  to  believe  both  from  their  jj^j^*"*^ 
appoiirance  and  stratii^raphical  pMsition  that  they  would  corre- ^^^^  q^j^^j^^ 
spend  to  tho.se  of  Gow>'i-.  Sliris  from  the  cherts  of  both  districts 
were  submitted  to  Dii.  G.  J.  Hlnde,  to  whose  kiiiduubb  we  are 
indebted  for  the  following  report : — 

"  A.  Carmabthenshire.  [North  side  of  Coal  Field.]  Nos. 
E  3306,  3309,  3311-3314  are  of  the  same  character— dark  cherts 
with  lighter  decayed  portions.  They  mainly  consist  of  casts  of 
detached  sponge-spicules  and  rnst.s  of  Radiolaria,  both  organisms 
very  faintly  shown.  The  Kadiolaria  are,  for  the  most  part,  simple 
circular  and  oval  forms,  probably  belonging  to  Cetn^Hplm-ra  and 
Cenellipais;  only  the  outlines  boimdcd  by  matrix,  as  a  rule,  are 
now  preserved ;  in  some  instances,  however,  periforations  in  a 
wall  can  he  seen.   Oval  forms  with  radial  spines  are  ram 

"  The  sponge-spicules  are  apparently  minute  simple  aoerates, 
but  with  tiiesc  four-or  six-raye<I  spicules  of  hexactinellid  sponges 
arc  occasionally  prcsf  iit  It  is  possible  that  .some  of  the  ncenlc- 
hke  spicules  may  bo  the  broken  off  radial  spines  of  radiolaria.  The 
greater  portion  of  the  chert  is  evidently  a  mass  of  minute  spicules 
or  spines  of  siUcoous  sponges,  with  possibly  some  radiolarian 
spines ;  with  these  are  commingled  some  radiolarian  casts;  hut 
tney  are,  relatively)  in  smaller  proportions  than  the  spicules. 

**B.  Glamorganshire. — Nos.  3334,  3337-3341,  Bishopston 
road-cutting,  and  Nos.  3328-3331  road  from  Newton  to  Clyne 
Conmion.  [Collected  by  "Mr.  Tiddeman.]  These  arc  hard 
black  cherts  with  even  li  iizontal  bands  of  ligliter  tints.  They 
all  show  niunerous  circular  and  oval  oasts  of  Kadiolaria  as  clear 
8|)aces  in  a  dark  matrix.  The  casts  for  the  most  part  are 
without  walls  or  structure,  hut  in  some  there  are  distinct  spokes, 
ladiating  from  an  inner  central  sphere.  They  belong  to 
CenoepJicera,  Carposphcera  and  Cenellijma.  In  addition  the  rock 
contams  thrcc-rayca  spicules  of  the  radiolarian  genus  Sphmro- 
zoum.  Sponge  spicules,  also  as  casts,  some  hexactinellid,  are 
likewise  present,  but  subordinate  in  number  to  the  Badiolaria. 
The  specmiens  arc  typical  radiolarian  cherts. 

"  The  character  of  the  rock,  the  mode  of  preservation  of  the 
radiolaria,  and  the  forms  themselves  are  very  similar  to  what 
are  found  in  the  cherts  with  Radiolaria  from  the  Lower  Culm  of 
Devon  and  Cornwall  described  by  Hinde  and  Fox  (Qiuirt  Joum, 
Gcol.  Soc,  vol.  li.,  1895),  and  two  of  the  Kadiolaria  showing 
structure,  P  >?-or? and  CfTvpos'pka'ra,  are  identical  species 
with  those  ngured  in  tlie  Culm  chert  {(>/>.  rlf,^  PI,  xxv.,  figs.  f>,  7  ; 
PL  xxvii.,  fig.  1).  The  Sphcvrozoum  spicules  (PI.  xxv.,  figs,  ie, 
Ig,),  also  correspond  closely  with  those  from  the  Culm.  This, 
resemhlaace  to  Ibrms  from  the  Lower  Culm  chert  is  more  strongly 
marked  in  the  chert  specimens  from  Gower;  the  Badiolatia  from 
Carmarthenshire  are,  as  a  rule,  distinctly  smaller  .  .  .  .  . 
and,  as  already  mentioned,  they  occur  in  a  rock  in  which  sponge 
spicules  predominate,  whereas  in  the  Glamorgan  chert  the  pre- 
vailing  iaoies  is  unmistakably  Radiolarian."*  

*  Fxom  a  letter  by  Da.  Qsobob  J.  Hikok,  f.fi.a,  dated  Dec  18Ui»  1800. 
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Measre.  Continuing  tlie  exaiiiination  of  the  series  in  an  ascending 

Tiddeman  ^^'^^i""'  TiDDEMAN  ficids  that  the  cUys  dve  way  to  much 
and  Cantriil.  ^^l^^^t,  mostly  black,  and  not  banded, associatea  with  hard  cherty 
shale,  the  whole  being  only  a  few  feet  thick.  These  cherty  strata 
in  his  opinion,  mark  the  upward  limit  of  the  usual  Carlx)niferous 
Lime!^tone  fauna  ;  above  them  there  occurs  a  thick  mass  of  black 
or  bluish  ferruginous  shales,  nil  dippm^  at  a  high  angle  and 
occupying  a  belt  of  ground  about  1,000  yards  wide.  It  may  he 
inferred  that  they  are  thick,  and,  in  fact,  De  la  LiiCHE  s  section 
shows  more  Uum  1,590  feet  above  the  cherty  zone,  but  the 
mapping  of  the  region  is  not  sufficiently  advanced  to  enable  us 
say  whether  or  not  there  is  repetition.  Glyj^kioeeras  bilinguey 
Salt,  which  is  doscribod  and  figured  under  the  iiQ,mQ  oi GtynicdiU^ 
bin iirpi  is  hy  Walter  *  occurs  abimdantly  in  some  bands,  and 
Fosulonomya  has  been  observed  by  Mr.  Tiddeman.  The 
Glyphioceixts  is  a  common  shell  in  the  Millstone  Grit  shales  of 
Yorkshire,  Lancashire,  and  Derbyshire. 

Millstmie  Grit. — As  already  mentioned,  the  summits  of  the 

Black  Mountains  arc  formed  by  the  basal  conglomerate  of 
the  Millstone  Grit  west  of  the  point  at  whicn  the  hard 
conglomeratic  beds  at  the  top  of  the  red  sandstone  sub- 
division of  the  Old  Red  series  disappear.  One  of  the  finest 
exhibitions  of  the  rock  is  furnished  by  the  faulted  promctnLory 
of  Gar^'lds,  but  westwards  the  conglomerate  is  disintegrated. 
At  several  points  there  is  a  notable  aoscnce  of  pebbles,  and  at 
Pen-rhiw-wen  soft  grit  beds  are  dug  for  "  silica-sand." 

Tlic  lircjidth  of  outcrop  presented  l)y  the  grit  west  of  the 
Neath  and  Llangadnrk  road  is  maintained  in  spite  of  an  increase 
of  dip,  owing  to  lite  inlluenco  of  a  well-marked  roll  which 
traverses  tlio  district  betvveen  the  Amman  and  the  Cennen  in  a 
general  E.N.E.  direction.  The  ridge  of  Tair  Carn  marks  an 
anticline,  while  the  upper  part  of  the  valley  of  the  Llwchwr 
follows  a  parallel  syncline,  by  which  the  middle  or  shaly  portion 
of  the  Millstone  Grit  is  introduced.  This  Ixlt  of  folding  nms 
parallel  to  and  about  six  miles  north-west  of  the  Cribartli 
disturbance,  ''"he  sandstones  and  .shales  which  constitute  the 
upper  part  of  the  Millstone  (hit  form  dip-slopes  on  the  moor- 
lands north  of  the  Amman  Valley  and  are  well  exposed  in  Owm 
Qarw. 

Coal  Mfnisures. — ^The  survejdng  of  the  Coal  Measures  durinff 
the  |)ast  year  has  been  carried  on  chieHy  l»etween  the  Tawe  and 
Loughor  Valleys,  in  an  area  of  somewhat  complex  structure. 
In  a  ^jeneral  way  the  structural  featiu'es  resemble  tho^  "  of  oil  er 
parts  of  the  cual-field,  for  the  measures  dip  steeply  along  the 
South  Crop,  but  rise  gently  towards  the  North  Crop.  The 
syncline  thus  produced,  however,  not  only  includes  minor  east 
and  west  folds,  out  is  broken  across  by  powerful  faults  ranging 
partly  in  the  normal  north-north-west  direction,  and  partly 

*  JHem.  CM.  Swu.  Qoology  of  the  Couotiy  around  Oldham,  p.  00. 
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in  a  direction  somewhat  east  of  north  and  approximately  parallel  Mesam. 
to  the  Vale  of  Neath  and  Cribarth  Disturbances.*  Tilw^an 

Of  the  minor  east  and  west  folds  referred  to»  one  runs  from  caotriU. 
near  Forest*fikch  westwards  along  the  valley  of  the  Afon  Llan. 
It  includes  a  syneline  by  which  a  trough  of  the  Four-feet  Seam 
has  been  thrown  in.  and  a  sliarp  but  local  anticline  which  has 
been  proved  to  tlie  north  oi  the  syneline,  at  Forest-fach. 
Auoliiur  minor  syneline  runs  under  lihyd-y-Pandy  to  Bryn 
Whilach,  where  it  was  found  in  working  the  Four-feet  Scam. 
At  that  point  it  appears  to  turn  westwards,  and  to  pass  under 
T\rle-da  There  are  therefore  two  distinct  trouffbs.  of  the 
ix>ur-feet  Seam  and  the  measures  al>  vc  it,  that  is,  <H  the  upper- 
most existing  measures  of  South  Wales,  which  have  been 
referred  to  in  previous  Reports  as  the  Llanfwit  or  Mynyddishv3''n 
Measures.  To  the  east  of  the  Tawe,  on  tlie  otlu-r  hand,  these 
minor  folds  have  ceased  to  exist,  and  the  main  syneline  of  the 
Cual  Fiwld  has  lust  its  compound  character. 

The  most  conspicuous  of  the  other  structural  features  referred 
to  are  the  north-north-westerly  fi&ults  which  succeed  one 
another .  with  monotonous  regularity.  Most  of  them  are  down- 
throws to  the  west,  but  the  Pwll-roawr  Fault  is  a  downthrow  to 
tlie  ea'^t  of  80  yards  at  the  (Jollicry  of  that  name,  and  of  no  loss 
than  I'M)  yards  at  the  Pen-rhiw-folen  Colliery.  Two  of  the  faults, 
moreover,  have  been  proved  to  chanj^e  the  direetion  of 
doAvnthrow.  One  of  them  known  as  the  Cwm  Pit  Fault  is  a 
downthrow  to  the  west  of  44  yards,  hut  about  half  a  mile  further 
north  ceases  to  shift  the  strata.  In  the  same  line,  however, 
a  few  yards  farther,  on,  a  &ult  commences  with  a  small  down- 
throw to  tihe  east  which  increases  to  22  yards  at  Llangyfelach. 
The  second  case  is  that  of  Jolm  Grey's  Fault,  which  is  a  down- 
thro^v  to  the  west,  of  17s  yards,  nortli  of  Cefn  Cadle.  Near 
Mynydd  Newydd  Colli<>ry  tlu;  tlirow  is  almost  nil,  while  south 
of  the  colUery  a  fault  in  the  same  line  throws  the  strata  down  to 
the  east. 

The  third '  type  of  disturbance  recognised  in  the  Swansea 
district  is  represented  by  two  deep  faulted  hollows,  the  one 
concealed  under  the  alluvium  of  the  Tawe  between  Clydach  and 
Morriston,  and  tlio  other  ninning  near  Melin  Cadlc  K^twccn  the 
workin'jfs  near  l^'orest-fach  and  thoso  at  Carn*j;tj<jh  The  tirst 
named  lias  been,  to  a  [^ncat  extent,  explored,  and  has  been  proved 
to  run  somewhat  east  of  north ;  the  other  is  in  process  or  being 
proved,  and  so  fiur  as  the  evidence  goes,  must  have  much  the 
same  direction.  While  distinct  from  the  north-north-westerly 
system,  Uiese  disturktnccs  do  not  link  themselves  on  to  the 
east  and  west  folds  which  pliciite  the  strata  in  Gower.  If, 
therefore,  as  seems  probable,  they  bolonpr  to  the  same  system 
as  the  Vale  of  Neath  and  Cribarth  Disturbances,  they  in(licate 
that  a  distinction  exists  l)etwcen  these  disturbances  and  the 
plications  of  Gower  and  the  Vale  of  Glamorgan,  of  which 
the  pre-triassic  age  is  so  beautifully  shown  in  Barry  and  Sully 
Islands.   •  

♦  Described  in  the  Summary/  of  Progress  for  1898,  pp.  117-119. 
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isfesRiv.         The  Beams  which  have  yielded  nearly  all  tlie  coal  worked  near 

liiidciuan     Swansea  lie  high  in  or  above  the  Pennant  series,  the  liighest 
Md  OmiiAii.  existent  being  those  which  have  been  kt  down  in  the  deep 
faulted  hollows  of  the  Tawc  Valley  and  ^lelin  Cadlc.    The  Four- 
feet  seam  (as  rxnlaincd  in  the  Svmmary  of  Prof/rc^s  for  1S99, 
pp.  120,  121)  is  hclieved  to  ho  the  Llantwit  No.  1  or  Myiiydd- 
islwyn  Seam,  and  as  in  the  more  casLonipart  of  the  Coal  Field, 
the  measures  above  it  are  generally  soft.  ^  Above  the  Five-feet 
seam,  on  the  other  hand,  there  is  a  thick  strong  sandstone, 
which  makes  its  presence  known  by  such  bold  features  ss  the 
crest  of  the  hill  above  Morriston.    A  still  stronger  rock  above 
•  Oraic^ola  or  Six  feet  Vein  gives  rise  to  a  subsidiary  ridge 
niimini:  parallel  to  and  on  the  north  side  of  the  main  Pennant 
escarpuieiit,  and  forms  also  broad  tracts  of  mountain-land  along 
the  north  crop  of  that  vein,    ike  following  table  ^ives  the 
distances  proved  around  Swansea  and  forms  a  continuation  of  the 
table  given  in  the  Summary  for  1899,  p.  121. 


Table  of  Distances  in  Y<tnU  behrfen  the  Principal  Seams 

near  and  West  of  Swansea. 


• 

o 
O 

Carn  Gk>ch. 

Mynydd 
Newydd. 

Penrhiwfelen. 

Pentre  Pit 
and  Borehole. 

Calknd's  Pit. 

Mansel  and 
Graig. 

Llansamlet. 

Dvovn  vdn  - 

Measures 

165 

Four-feet  vein 

Measnres  - 

118 

115 

••• 

118 

Five-feet  vein 

Measures 

|l33 

Jeukiii  vein- 

141 

13d 

jll8 

44 

55 

52 

SiT-fcct  vein 

Measures 

22 

12 

13 

18 

16 

13 

20 

Three-feet  vein  - 

Meastircs 

38 

38 

49 

44 

Two-feet  vein 

Measures 

soo 

m 

Slato^  vein  - 

24 

Curly  vein  • 

li 

271 

Measures 

22 

Bfxlwr  vein  - 

... 

Mea}>ures 

J  - 

12 

Hughes  vein 

AU  of  the  measurements  given  in  this  table  were  made  in 
shafts  sunk  through  neariv  horizontal  strata,  with  the  exception 
of  the  Btansel  and  Graig  doUeries,  where  they  were  taken  by  Mr. 
W.  Morgan  in  a  cross-measure  drift  through  strata  dipping  at 
32  dcg.  In  the  Pentre  section  the  strata  were  proved  from  tlie 
Two-ieet  Vein  downwards  in  a  borehole,  and  the  liansamlct 
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section  is  made  up  from  various  sources,  no  one  shaft  having  Hi 
proved  the  whole  sequence.   It  will  he  seen  that  the  thicknesses  Ij^J^JJIl^ 
lemam  £airly  constant  from  Swansea  westwards,  and  that  the  ^id  Ga&tAll, 
seams  are  identifiable  without  dilEculty.   With  respect  to  the 

correlation  with  the  Neath  trough,*  one  point  may  he  added ; 
a  small  ^cnm,  known  as  the  Moms  Vein  east  of  tlie  Tawe,  and  as 
the  Jenkiii  Vein  west  of  the  river,  occurs  about  50  yards  above 
the  Graigola  or  Six-feet  Vein,  and  may  represent  the  Tyr 
Edmond  vein  of  Skewen,  though  it  lies  rather  higher  than  might 
hare  heen  ezpectedf 

The  group  of  veins  of  which  the  Hughes  is  the  most  important, 
forms  me  base  of  the  tttoductiye  Swansea  Coal  Field,  the  seams 
lower  in  the  Pennant  beinpf  unimportant,  wldle  those  at  or  below 
the  base  of  that  rock  crop  out  unaer  liouses  or  in  the  foreshore, 
and  are  dithciilt  of  access.  The  Hughes  group  crops  out  al(nig 
the  north  foot  of  the  ridge  of  highly  inclined  Pennant  which 
mcludes  Kilvey  and  Town  Hills  anf  trends  thence  past  Dunvant. 
The  following  estimate  of  the  thickness  of  the  ^ts  helow  the 
Hughes  group  is  approximate  only,  and  may  reqmremodiUcation 
as  tne  eiuunmation  of  the  groima  proceeds : — 

Descending  Section  Tiear  Sxvcmaeci, 

Yarda. 

HuoBn  (or  Wxnai.lt)  Ybin— 

Measures,  chieflv  sandstone  la  the  upper  part  m  aaen  in 
tha  Cwin-bwria  QuarriM  -  -     -     •     -  267 

Cuckoo  or  Wain  wen  Vein— 

Measures,  chidfly  sandstone  as  seen  In  the  Baptistswdl 
Quarries  and  on  the  summit  of  Kilvey  Hill     -      -  217 

BryATTT  Ysnr,  or  supposed  No.  2  JElHQKDDA— 

Measures,  chiefly  sandstone  aa  seen  in  the  Graig 
Quarries  and  on  the  southern  face  of  Kilvey  Hill,  but 
with  one  or  more  thick  beds  of  shale      ...  18S 

Toe  Myn ¥dd  Vein— 


On  comparing  these  estimates  with  those  made  in  the  Neath 
valley:^  we  fina  a  distance  of  484  yards  hetween  the  Hughes 

Vein  and  the  supposed  No.  2  Rhoiidda  as  compared  with  420- 
440  }'ards,  an  increase  in  a  southerly  and  westerly  direction  such 
as  might  have  been  expected. 

The  Cuckoo  Vein,  an  unimportant  seam  in  the  middle  of 
the  main  mass  of  Pennant  Grit,  is  said  to  have  been  proved  at 
Pen-y-eraig.  The  Dyyatty  Vein  was  formerly  worked  by  a  level 
near  the  Oattle  Market  and  at  the  Workhouse.  Six  hundred 


*  Summary  ofProgrtu  fm  1899,  p.  121. 

t  Opporttinitv  may  be  taken  here  to  correct  two  errors  in  the  figures 
given  in  the  Snmrnnr}/  of  ProrfreM  for  1899.  On  p.  120,  the  distance 
between  the  Wernilraith  and  Graigola  Veins  should  be  251  yards  and  not 
454  yards  as  printed.  On  p  182  the  throw  of  tlieRfayddii«  Fault  at  Own 
Glic  ahoold  be  given  as  about  680  yards  instead  of  340  yards. 

\  Smimarjf  ^  Progrett  for  ie99,  p.  116. 
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Messrs.  yards  west  of  tlio  Workbouso  tlicre  seems  to  be  an  ii])tljrow  to 
Tiddenian  west,  for  wliat  a])pt<ars  to  be  the  same  vein  lias  been  worked 

Can^iU.  quarrie-s  above  Terrace  Boad,  too  high  up  for  the  crop 

proved  at  the  Workhouse. 

The  measures  below  the  Djvatty  Vein  ore  partly  shoim  in  the 
Gnii^^  Quarries.  Though  includmg  tliit  k  beds  of  shale,  they 
consist  chiefly  of  sandstone  indistinguishable  fxom  the  Pennant 
rock  above  the  Dyvatty  Vein.  Tins  rock  presumably  corre- 
sponds to  the  Llyiili  or  Tor  Mvnydd  rock  mapped  by  Mr.  Tid- 
DEMAN  flirt  Ikt  eajat.  The  Tor  Slynydd  Vein  probably  crops  out 
below  this  rock,  at  the  foot  of  the  steep  declivity  along  which 
Underhill  Street  is  built.  The  lower  Coal  Series  may  be  mferred 
to  crop  out  under  the  gravel  on  which  the  lower  part  of  Swansea 
is  built  and  in  the  foreshore.  A  clue  to  its  position  may  be 
furnished  by  the  outcrop  in  Gower,  in  ground  not  yet  surveyed, 
Tlio  North  CVop  presents  a  markca  difference  to  the  South 
Crop  in  this  part  of  the  Coal-field  in  tlie  Coal  ]\feasures,  as  in  all 
the  other  momljors  of  the  Carboniferous  System.  Not  only  do 
the  measures  decrease  in  thickness  northwards,  but  the  seams 
deteriorate  or  even  dwindle  away  in  that  direction.  Thus  the 
Four-feet  Seam,  though  it  proved  well  as  &r  north  as  Bijn 
Whilar-h,  has  not  vet  been  definitely  recognised  at  its  north  crop. 
The  ITive-feet  Seam  has  been  extensively  worked  around 
Morriston,  but  proved  worthless  near  Clydacli.  It  is  worked  at 
Carn  Goch  and  proves  well  at  Gorsoinon.  but  is  not  known  as  a 
workablo  soam  at  its  northern  outcrop;  under  the  naiot*  of  tlte 
Greenway  Seam  it  is  workable  at  Skewen,  but  dwindles  away 
under  Mynydd  Drumau.  We  can  therefore  define  the  northern 
lunit  of  deposition  of  this  seam  in  a  workable  fonn  as  a  line 
drawn  east  and  west  throii':h  ^I^Tiydd  Dnmiau,  near  Qydach, 
and  thence  westwards  Tlie  Six-feet,  or  Graigola  Vein,  on  the 
other  hand,  is  more  persisteMt.  and  its  northern  crop  may  be 
traced  step  by  step  by  an  almost  continuoiis  line  of  old  working, 
though  this  seam  also  proved  worthless  under  Banc  Maes-tir- 
Mawr,  apparently  in  consct^uence  of  a  local  "  wash-out."  The 
Three-feet  and  Two-feet  veins,  though  of  great  vilue  at 
Llansamlet  and  Landore,  are  worthless,  though  recognisable,  in 
the  Clydach  Valley  and  on  Mynydd  y  Gwair,  and  are  unknown 
along  the  remainder  of  their  north  crop.  The  Hughes  group 
again  seems  to  be  represented  by  one  scfini  only  at  its  nortliorn 
nse  in  the  Tawe  Valley  ;  at  OmiLr-tre-banos  there  are  t  wo  seams, 
a  few  yards  apart,  on  tliis  liorizoii,  which  are  said,  liowever,  to  bo 
inferior  and  very  sulphurous,  while  to  the  west  of  the  Clydach 
Valley  the  group  has  not  yet  been  rec^piiised,  unless  it  be  repre- 
sented by  some  thin  coals  in  Cwm  CStthan  in  groimd  not  yet 
examined. 

On  the  North  Crop  Mb.  Oantbill  commenced  llie  ejcamina- 

tion  of  the  lower  coals  and  ironstones.  Thev  wore  fonnerlv 
worked  by  patch-works  at  Brynamman,  and  tliey  run  tlienea 
along  the  south  side  of  the  Amman  Valley.  Tlie  next  important 
coal  ahove,  known  as  the  Red  Vein,  is  separated  from  them  by  a 
considmble  thickness  of  barren  measures,  and  crops  out  at  the 
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foot  of  the  high  ground.   It  raoses  from  a  little  over  3  feet,  at  Mosin. 
Gwaun-eae-gurwen,  to  4  or  4|  feet  at  Cwm  Gors  and  Cawdor  l^^^^^^^^, 
collieries.  ^  aid  Cuitril]. 

Above  the  Red  Vein  thora  are  several  imimportant  scams 
pfenerally  overlain  l»y  sandstones  resembling  rennant,  and 
asiiociated  with  bands  of  grey  quartz-grit.  These  veins  are 
worked  to  a  small  extent  along  the  crops  on  Penlle*r-fedwen  and 
Mjrnydd  Qwrhyd.  One  of  them  is  distn^ished  by  the  character 
of  its  roof,  which  is  a  coarse  Pennant  gnt,  containing  ironstone- 
nodules,  quartz-pebbles,  and  fragments  of  carbonised  plants.  li 
can  bo  traced  from  the  Bryn  Llefrith  Fault  at  Pen-rhlw-fawT 
south-westwards  into  Cwm -y- Gors,  and  so  far  as  can  be  judged, 
occurs  at  about  the  same  horizon  as  the  Ynys-arwed  Vein  of  the 
district  east  of  the  fault.  The  occurrence  ot  a  conglomeratic  roof 
has  boon  r^erred  to  as  a  characteristic  of  the  Yuya-arwed  Yeb  * 
and  it  has  also  been  pointed  out  that  that  vein  represents  the 
No.  2  Rhondda  Seam.  We  are  able,  therefore,  witli  some 
probability,  to  identity  in  the  Xorth  Crop  the  equivalent  of 
the  Dyvatty  Vein  ot  tlic  Soutli  Crop.  There  arc  indi- 
cations, however,  thnt  hnth  on  tlie  ii ovth  and  SOUlh  sidcs  of  tUo 
coal-field  this  vein  is  IjecumiiiL,'-  inipersistent. 

The  rapidity  of  the  change  from  bituminous  coal  to  anthracite 
constitutes  a  most  important  feature  in  the  seams  of  this  part  of 
the  Goal-field.  On  the  South  Crop  all  are  Htuminous.  Towards 
the  centre  of  the  field  the  uppermost  seams  still  maintain  a 
bituminous  character,  but  the  Siz>feet  and  those  below  it  havo 
passed  into  tlie  condition  of  steam-coals :  and  so  rapidly  that 
coal  of  a  totally  ditVerent  quality  may  be  obtained  from  the  siime 
vein  in  the  workinirs  of  the  same  colliery.  In  the  North  Crop 
all  the  veins  are  autljiracitic.  Tliough  the  veins  all  become  less 
bituminous  northwards,  the  deeper  veins  are  the  first  to  change, 
so  that  in  any  one  sinking  the  higher  coals  are  always  more 
bituminous  then  those  at  a  depth. 

No  connection  appears  to  exist  between  the  anthracitisation 
and  the  stnioturc  of  tho  prY-onnd  :  nor,  on  the  other  hand,  is 
there  evidence  of  the  anthracitic  region  havinii;  heen  more 
deeply  bun(;d  than  the  bituminous;  on  the  contrary,  the 
measures  are  far  thicker  along  the  bituminous  South  Crop  than 
in  the  anthracitic  North  Crop.  The  phenomena  point  rather  to 
the  anthracitisation  being  a  form  of  regional  metamorphism. 

FavUe  arid  Disturhanecs. — (1.)  N'orth  Crop,—Oi  the  numer- 
ous faults  traced  by  Mr.  Cantrill  in  the  Lower  Carboniferous 
Kocks  of  the  North  Crop  one  only  has  been  found  to  extend 
southwards  through  the  Coal  Field — namely,  that  which  is 
known  in  various  parts  of  its  course  as  the  Cwm  Llynfell,  Bryn 
Llefrith,  or  Khyddmg  Faultf 

The  Twrtdi  Fechan  Fault  throws  the  middle  shales  of  the 
Millstone  Grit  against  the  Basement  Conglomerate  on  Llorfa, 
and  forms  the  eastern  boundaiy  of  the  Millstone  Grit  of 

♦  tDummary  of  J^rogress  for  ibW,  .117.       +  Jbid.,  pii.  i::^,  123. 
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Me«.^ra.  Garccflfis  for  about  a  milo,  aft  or  wliidi  it  breaks  up  and  ceases  to  bo 
Str&bao,      recognisable  in  the  Old  Ked  ^udblone.   It  has  a  dowuthrow  to 

A  fault,  skirting  the  westoru  side  of  the  Twrch  Valley  throws 
Millstone  Grit  against  limestone,  and  forms  the  westera 
boundary  of  Gareg-lfts.  Its  downthrow  is  to  the  east 

The  Cwm  Llynfell,  or  Bryn  Llefnth  Fault  runs  along  the 
eastern  side  of  M}Tiydd  Gwrhyd,  throwing  down  the  Pennant 
rocks  of  that  hill  on  the  west  aijfninst  the  Ked  Vein  on  tho  cast. 
At  Cwm  Llynfell  its  throw  lias  been  calculated  on  tho  followinir 
evidenoe.  A  shaft,  commencing  almost  on  a  level  with  the  crop 
of  tho  veiu,  but  ou  the  opposite  side  of  the  fault,  proved  the 
little  at  twenty  ^rards  depth.  The  true  distance  between 
the  Bed  and  Little  Veins  b  about  210  yards,  which  indicates 
that  the  throw  of  the  fault  is  about  180  or  liM)  yards,  rather  less 
than  was  stated  in  the  Summary  of  Progress  for  1899,  p.  117. 
The  fault  then  skirts  tho  western  side  of  GarcL'^-lNVvd,  where  it 
throws  the  middle  shalo«  nijainst  the  Basement  Conglomerate  of 
the  Millstone  Grit,  and  cios-ses  the  esoarpnient  at  Pen-rhiw-wen, 
with  a  throw  exceeding  100  yard-s.  in  the  Old  Rod  Sandstone 
its  course  is  obscure.  Its  downthrow  is  to  the  west 

A  fiiult  with  a  throw  of  ordy  twelve  yards  in  the  lower  veins 
at  Brynamman  crosses  the  Black  Mountains  to  Nant  Oesglm 
Its  throw  in  the  limestone  appears  to  exceed  200  yards.  It  nas 
a  downthrow  to  t!)(>  west. 

A  fault  commencing  in  the  Pedol  Valley  crosses  the  ridge  of 
Tair  Carn  and  dislocates  the  base  of  the  limestone  at  Biaen 
Cenncn.    Dowuthrow  to  the  east. 

(2.)  In  the  Coal  Fidd. — Allusion  has  been  made  to  the  fact 
that  the  disturbances  near  Swansea  fall  into  three  ^ups — 
namely,  the  great  synclinal  and  anticlinal  folds,  which  run 
approximately  east  and  west,  and  which  are  of  pre-Triassic  age ; 
the  noi  t  li  noi  th-west  system  of  normal  faults,  which  are  believed 
to  be,  in  part  at  least,  of  a  much  later  age ;  and,  thirdly,  some 
deep-faulted  troiicrhs,  which  nearly  agree  in  direction  with  the 
Vale  of  Neath  aiid  Cribarth  Distuibances,*  and  of  which  the  age 
is  doubtful 

The  east  and  west  folds  are  exemplified  by  the  broad  compound 
syndine  previously  described  as  tnnswintr  in  two  fields  of  the 
Four-fcet  Vein  between  tho  Tawe  and  the  Loughor ;  by  the  steep 
upturn  of  the  measures  of  tho  South  Crop;  and  by  the  sharp 
plications  of  the  limestone  of  Ciower. 

The  north-north-westerly  system  includes  the  loilowing  in 
consecutive  order  from  ei\st  to  west : — 

The  Gardener's  Fault  was  traced  as  £ur  north  as  Glais  in  the 
Summary  of  Pvogresi  for  1899,  p.  123.  It  then  seems  to  make 
a  slight  bend  to  the  west  in  crossing  the  Tawe  Valley,' as  was  the 
case  with  the  Dyffryn  and  Rhydding  Faults,  and  to  run  between 
tracts  of  the  Hughes'  Scam  at  Craig-trc-hanos  m\(\  of  theGraigola 
Seam  of  Cathelyd.  Though  it  has  not  been  reached  in  the  work- 

*  Summai-y  of  FroffreM  for  1898,  pp.  116-119. 
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ings  of  either,  the  evidoiRc  at  the  surfaoti  puhits  to  its  riinninqj  a  Mossn. 
few  yards  west  of  GeUiouuii  Farmhouse.    Thence  it  presumably  ^idJ^an 
follows  a  hollow  leadmg  by  ^Ult-y-Fanog,  and  skirts  the  western  ^nd  Cantrill. 
slopes  of  Cam  Llecharth,  where  the  form  of  the  ground  and 
lines  of  spring  suggest  a  Ime  of  &idt   It  is  evident^  dying  out 
northwards ;  its  downthrow  is  to  the  west. 

The  Bethel  Fault,  which  was  believed  to  have  been  reached  in 
the  southom  workings  from  the  Garth  Pit,  is  probably  ron- 
tinuous  \v\ih  oiu'  of  60  yards  throw  proved  at  Bwllfa.  The 
same  line  ol  dislocation  conliiuu  s  l»y  Fagwyr  and  along  the 
western  side  of  Mynydd-y-Gwair,  where  its  shift  of  the  outcrop 
of  the  Gtaigola  Vein  is  recognisable,  though  small;  downthrow 
west 

A  fault  on  the  west  side  of  Mynydd  GolU-Wastad  has  been 
proved  to  have  a  throw  of  more  than  55  yards.  It  runs  under 
Glyn-collon,  and  is  nearly  iu  the  line  of  the  Six  Pit  Fault; 
dfuvnthrow  wast. 

Several  faults  with  throws  ranging  from  4»  to  more  than  30 
wds  have  been  proved  in  the  Six-feet  (Graigola)  workings  near 
Khos  Fawr.   All  these  have  downthrows  to  the  west 

A  f;4ult  runs  under  Pentre  Poeth  and  Cwm-rhyd-y-cwrw  and 
is  belieyed  to  continue  thence  by  Maes-gwemen  to  md  old  Maes- 
tir-mawr  shaft,  wlien^  it  divides,  one  branch  ninnin*:^  along  the 
valley  to  iJaronFawr,  while  the  other  ran;4^cs  across  t!i<'  mountain 
to  near  Rhyd-y-gelli-fawr.  At  PenLre  I'oeth  this  lault  has  been 
eneounlereti  in  the  Four-feet  Vein,  which  lies  at  a  shallow  depth 
on  its  eastern  side ;  on  its  western  side  this  vein  has  been  found 
in  oneplace  only,  namely,  in  an  exploration  from  the  Pen-rhiw- 
felen  Colliery,  although  trials  have  oeen  made  for  it  in  other 
places ;  downthrow  to  the  west 

The  Maes-y-gelynen  Fault  is  a  continuation  of  the  Pwll  inawr 
Fault  *  It  ]j;is  been  onromitcred  in  the  Six-teet  and  TlmMj-fcet 
woriinigs  uiidcr  Morriston,  and  was  y)rov('d  in  the  exploration  at 
the  Pen-rhiw-felen  Colliery  just  referred  to.  A  drill  was  carried 
through  the  fiE)>ult  from  the  Five-feet  workings,  and  a  borehole  was 
put  down,  which  proved  the  Four -feet  Seam  with  the  Two-feetf 
below  it,  at  a  depUi  of  9  yards.  The  throw  of  the  favdt  is,  there- 
fore, about  180  yards,  as  compared  with  80  yards  at  Pwll-mawr.  . 
Its  course  northwards  is  wholly  unknown,  it  has  a  downthrow 
to  the  east. 

The  Cwm  i*it  Fault  lias  already  been  noticed.  It  lias  a  down- 
throw to  the  west,  which  changes  northwards  into  a  downthrow 
to  the  east 

The  Gae  Pare  Fault  has  a  throw  of  22  yards  near  Tre-boeth, 
but  dies  out  a  nnle  to  the  north.   Downthrow  east 

John.  Grey's  Fault  has  been  mentioned  previously  as  an 
example  of  a  change  of  throw.    That  it  is  a  downthrow  to  the 

east,  pmith  of  M\mydd  Newydd  Colliery,  was  proved  in  a  drift 


♦  .S'u, -/  of  J'rogrt6&  for  lS9i>,  p.  124. 

t  Not  tiie  Two-feet  Voin  of  Llansamlet,  but  a  vein  iymg  i  or  5  yarda 
below  the  Fonr-feet 
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Mcetn.  from,  Pentre,  which  passed  from  the  Six-feet  Vem  on  the  east 
Strahan,  gido  into  measures  below  the  Two-feet  Vein  on  the  west  side ;  at 
ind  SuaSill.  ^®  Colliery  its  throw  is  very  small,  while  84  chains  northwards 

*  it  has  a  downthrow  to  the  west,  of  178  yards. 

The  Pwll-yr-hywaid  Fault  has  been  met  in  the  Five-  and  Six- 
feet  workings  from  Mvnydd  Nowydd,  but  uol  erosi>ed.  If,  as  there 
is  suuie  reason  to  believe,  the  Four-feet  Vein  is  near  the  surface 
on  the  west  side  of  the  fault,  the  throw  would  not  be  largo,  but 
explorations  are  now  proceeding ;  downthrow  east 

The  Penlle'r-brain  Fault  was  proved  in  the  Five-feet  workings 
froi  ji  Worcester  Colliery  to  exceed  80  yards,  and  is  supposed  to  be 
about  220  yards.  A  trial-pit  near  Kent  on  the  west  side  of  the  fault 
was  sunk  150  yards  without  pro ving^  the  Four-fcct  Vein,  although, 
as  already  nunitioned,  that  vein  uiay  l)e  near  the!  surfuee  on  the 
east  side  ot  the  fault.    Further  to  the  south-east  the  fault  wa.s 

E roved  in  old  workings  in  the  Six-,  Throe-,  and  Two-feet  Veins, 
ut  to  the  north-west  its  course  is  still  unknown.  So  &r  the 
evidence  {joints  to  its  d\Tng  out  rapidly,  for  though  its  throw  is 
largo  as  far  as  Cadle,  it  seems  scarcely  to  shift  the  strata  near 
Bryn-rlios.    Its  doAvnthrow  is  to  the  west. 

The  next  fault  to  be  de.seill)ed  ha.s  been  proved  in  the  Six-feet 
and  Five-feet  workini^.s  from  (Inrseinon  ana  Carn-,L:6ch  Collieries 
to  have  a  downthrow  of  67  yards  to  the  west.  It  runs  along  the 
foot  of  the  Bryn-Dafydd  hill  to  the  west  of  the  Pen-v-cw&r, 
and  though  its  exact  position  under  the  alluvial  meadSows  of 
Bach-y-gwreiddyn  is  unknown,  its  course  by  Allt-y-graban-fawr, 
thp  Bolgoed  quarries,  and  thence  across  the  Dulais,  is  clearly 
marked  by  nn  almost  continuous  bank  of  sandstone  on  its 
eastern  or  uptlirow  side.  Nearly  south  of  Bryn-Dafydd  the 
fault  has  been  proved  to  take  a  turn  to  the  south-east,  as  thouirh 
it  were  tending  to  run  into  the  I'enlle'r-brain  Fault,  but  ino 
ground  between  Bryn-Dafj[dd  and  Cadle  shows  evidence  of  a 
strong  disturbance,  as  described  below,  and  its  structure  has  not 
yet  been  mastered  in  detail ;  downthrow  to  the  west.  Much 
assistance  in  the  determination  of  this  and  other  faults  near 
SwaTisea.  was  given  l)v  Mr.  Thomas  Richards. 

The  third  type  of  disturbance  referred  to  is  illustrated  by  two 
ca-scs : — 

The  Tir  Ctmol  Fault  is  the  name  given  to  a  deep  laukod 
syncline,  which  runs  under  the  alluvial  flat  of  the  Tawe  from 
near  Moniston  to  Clydaeh.  The  l'\)ur-ft?ct  Seam,  which  crops 
out  a  few  j'ards  north  of  the  Marsh  I'it,  is  about  18  yards  deep 
at  the  Hcrrin.Lj  Pit  (near  \Vyehtree  Bridge),  and  nViout  the  same 
depth  At  Tir  Canol  Pit.  It  cro^-^j  out  again  near  Carn-felin-fach, 
at  the  old  Ynys-forgan  slope,  arid  })resumnhly  would  be  found 
cropping  under  the  gravel  near  Garth  Farm.  These  localities 
mark  the  southern  and  western  margins  of  a  deep  troutrh,  for 
the  vein  was  worked  at  about  200  yards  depth  under  Vpper 
Forest  Works;  it  dipped  stce|)ly  down  toS.E.  towards  the  river  at 
Ynys-forgan  and  Ynys-penllwe^i,  and  lay  at  a  depth  of  204  yards 
at  CTarthi?it.  The  trough  thus  defined  follows  the  western  edge 
of  the  alluvial  fiat  pretty  closely,  and  runs  about  N.  40°  £ 
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A  strong  south-easterly  dip  is  apparently  the  main  fiictor  in  Messrs. 

detining  tliis  ed^%  but  it  wa=?  found  in  workhig  lliu  Four-feet 

Vein  tliat  the  lugh  dip  wa-»  aci  oiapanied  by  a  series  of  step-  Canlril}. 

i3a.ults  down  to  the  south-cast ;  the  name  of  Tir  Canol  Fault  thus 

came  to  be  applied  to  the  disturbed  belt,  and  it  was  credited  with 

a  throw  of  more  than  200  yards.    The  sharp  anticline  which 

traverses  MynyddGclH-Wastad.  and  the  Cathelyd  syncline  north 

of  it,  5;ccms  to  be  part  of  the  Tir  Canol  Disturbance;  downtlirow 

aouth-east. 

A  powerful  disturbance,  apparoiilly  of  the  same  churacUjr, 
is  behoved  to  nin  from  the  neighbourhood  ot  Cadle  in  a  north- 
north-easterly  direction.  The  examination  of  the  ground  is  not 
yet  completed,  but  the  fects  are  as  follows.  The  fiye-feet  seam 
has  been  worked  north-westwards  irom  Mynydd-Newydd  to  the 
Pwll-yr-hwyaid  Fault,  where  it  lies  at  a  depth  of  about 
122  yards.  The  dip  being  to  the  north-west,  the  Four-feet  Vein 
sliould  "take  <rroimd"  at  this  spot,  and  no  doubt  does  so  umler 
the  swampy  land  between  lilaon-y-mat's  ami  ( ilyn-siling.  The 
Pwll-vr-hwyaid  Fault  being  a  downlhruw  to  the  east,  the  Four- 
feet  Vein  would  come  in  somewhat  further  ou  its  west  side,  and, 
as  a  matter  of  fihct,  there  are  some  old  levels  north-east  of  Melin 
Cadle  in  a  seam  which  is  said  to  be  2  feet  6  inches  thick,  and 
which  may  be  the  Four-feet  Vein.  Further  to  the  north  at 
Tir-dwncyn  the  Cefn-gyfelach  Company  have  worked  the  Fivo- 
foet  Vein  up  to  the  John  Grey's  Fault,  and  havo  found  reason  to 
conclude  that  the  Fom*-leet  seam  will  lie  at  a  deptli  of  40  yards, 
near  Tir-dwncyn,  where  they  have  commenced  sinking.  Korth 
of  this  point  we  enter  a  tract  deeply  overspread  with  gravel  and 
Boulder  Clay,  the  bottom  of  which  has  not  been  reached.  All 
along  this  east  side  of  tiie  Llan  Valley  the  dip  is  in  a  general 
north-west  direction,  and  it  might  be  anticipated  that  the  Four- 
feet  Vein  would  be  present  under  the  valley  and  to  the  west 
of  it. 

On  the  west  side  of  tho  River  Llan  a  broad  plateau  of  sand- 
stone extends  from  Bryn-J  )atydd  to  Melin  Llan,  the  oute^roppiiig 
edge  forming  a  bold  and  almost  continuous  escarpment  The 
Five-  and  Six-feet  Veins  are  being  worked  below  this  sandstone, 

and  it  can  be  easily  proved  by  a  consideration  of  their  depth  that 
the  rock  lies  imtnediately  below  the  Four-feet  scam.  Accord- 
ingly, at  Melin  Llan,  where  tlie  upper  surface  of  the  sandstone 
comes  down  to  the  river,  we  lind  resting^  upon  it  two  somewhat 
inferior  s<;an!s.  whi<  li  are  no  doubt  the  Foiu'-Feet  and  a  rider. 
These  crops  rim  down  hy  Gorseinon  Common  to  the  Fen-y-cwar 
Fault,  to  the  west  of  which  both  have  been  proved  and  the  rider 
has  been  worked  In  addition  to  this  a  very  small  tract  of  the 
Four-Fcet  seam  has  be«^n  faulted  in,  500  yards  north-west  of 
Bryn-Dafydd,  tho  coal  lying  here  aeain  close  on  top  of  the 
sandstone.  There  is,  tlicretorc,  no  doubt  that  the  roiu'-Fect 
Vein  lies  at  a  j^qeaily  liiglier  level  on  the  north-west  tliau  ou  , 
the  south-ijast  side  ot  the  Llan  Valley. 

The  diti'ercnce  in  level,  in  view  of  the  fact  that  tho  dip  is 
uniformly  north-westwards,  cannot  be  accounted  for  by  a  roll, 
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IfaMra.       but  must  be  due  to  a  &ult  On  attempting  to  locate  tbe  fault 

8tTn|ifin.  precisely  we  are  met  with  the  difticulty  that  the  ground  is  much 
u4  oittteiU.  obscureil  by  drift  and  swamp,  but  there  is  sufficient  evidence  to 
show  that  it  must  run  in  n  drrochon  somewhat  east  of  north. 
It  ninst  pass  between  tlie  Kent  i'it  ul  Cadlo  and  Llio  Fivt -I\t.>t 
workings  of  Carn-goch.  It  was  not  reached  in  the  rive-K'-et 
working  from  Mynvdd-newydd,  nor  on  llie  other  side  docs  it 
intersect  tbe  edge  of  the  sandstone  plateau  along  the  driyo  to 
PenUergara  It  must  be  to  the  west  of  some  small  riders  which 
crop  out  near  Glyn-siling  (if,  as  seems  likely,  these  are  the  riders 
of  the  Four-Feet  seam),  out  it  must  lie  to  the  east  of  a  quarry  in 
the  sandstone  500  yards  west  of  Cil-fwnwr.  lastly,  it  must  run 
to  the  east  of  Trenegar-fawr,  for  the  Melin  Llan  Veins  can  ho 
traced  continuously  up  the  sides  of  the  Llan  Valley  to  that  farui. 
Piecing  this  evidence  together,  we  may  conclude  that  it  passes 
somewhat  west  of  Pont  Cadle,  under  ihe  lake,  giving  rise  to  a 
strong  issue  of  chalybeate  water  in  the  bank  of  the  river  400 
yards  above  the  lake ;  that  it  runs  thence  to  Tir-tfordd  along  a 
lino  where  solid  sandstone  ground  ^ves  place  suddenly  to  dLon 
gravel,  and  that  it  passes  onst  of  Tredc'jH r  \mder  the  alluvial 
fiats  and  drift-covered  round  to  the  neighbourhood  of  Fi<  rr^t- 
newydd.  Further  north,  in  the  crop  of  the  Graigoia  Vein,  no 
sign  is  foimd  of  its  existence. 

North  Staffordshire. 

Tlio  n  survey  of  the  North  Stallordshire  coalfield  and  sur- 
rounding ground  has  been  continued  during  the  past  year  by 
Messrs.  Gibson,  Pocock,  and  Wedi>,  under  the  superint«ndence 
of  Mr.  Fox  Stiiangways.  Mr.  Gibson  has  commenced  the 
snirev  of  the  Carboniferons,  Triassi(;,  and  superticial  deposits 
near  market  Drayton;  Messrs.  Pooock  and  Wedd  have  been 
engaged  in  the  survey  of  the  same  rocks  round  Macclesfield, 
Biadulph,  and  Congleton.  A  considerable  time  was  taken  up 
by  Messrs.  Cihson  and  Wedd  in  completin'j:  the  collection  of 
mining  inform. -it ion  relating  to  the  Pottery  coalticM.  This  has 
been  a  somewliat  laborious  task,  owing  to  the  number  of  col- 
lieries to  be  visited  and  to  the  comphcated  system  of  faulting 
and  folding  affecting  the  Coal-measures.  In  this  work  the 
Geological  Surrey  has  to  thank  the  colliery  managers,  mining 
engineers,  and  surveyors  for  their  courtesy  in  allowing  access  to 
plans,  and  for  {)l;i<  idlx  at  our  disposid  their  knowledge  obtuiuod 
m  undiTi^round  uoi  kiTiir^.  The  Afap  (Sheet  123,  New  Series) 
contniniiig  the  major  puiiiuii  of  t  )if  coalfield  will  be  puV)lishea 
during  the  year,  and  it  is  hopetl  llutt  a  Memoir,  descriptive  and 
explanatory  of  the  map,  together  with  a  sheet  of  Vertical  Sections, 
illustrating  the  character  and  thickness  of  the  Coal-measures^ 
will  shortly  follow  the  map. 
Mr.  Gtlwoo.  Tlie  more  iHi{M)rtant  results  obtained  during  the  resurvey  of 
the  (•oalfiold  have  been  givcrt  in  former  Sun)maries.  In  that  for 
1899  it  was  stated  that  fbo  subdivisions  of  the  bipfher  Coal- 
measures  in  North  Station Ishire  were  found  in  the  bore-hole  at 
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Tliurgartori,  near  Nottinu^ham,  imderlyin<^  tlic  Maijnesinn  Lime- Mt.  GibsoiL 
stone  scries.  With  the  object  of  ascertaining  the  distribution 
of  these  deposits  over  the  Midlands,  Mr.  Gibson  visited  and 
examined  tne  typical  sections  of  the  higher  Coal-measures  in 
Denbighshire  ana  South  Stafibrdshire.  In  the  sections  visible 
on  the  banks  of  tlio  Ceriog  and  Deo,  between  Chirk  and  Wynn- 
stay,  he  reooenises  the  same  sequence  of  red  and  grey  rocks 
which  succeea  the  productive  Co;il -measures  in  North  Staftbrd- 
shire.  The  "  I*>truria  marls"  are  well  sliown  in  the  hanks  of  the 
Ceriog,  between  Chirk  and  Coed  yr  Allt.  In  Pentre-isaf  ravine 
two  bands  of  entomostracan  limestone,  containing  Carbonm, 
occur  near  the  base  and  middle  of  the  marls.  The  lowest  band, 
about  1  ft.  2  in.  thick,  is  a  light  grey,  hne-grained,  earthy  lime- 
stone, in  which  entomostraca  and  Spvrofihis  are  sparsely  dis- 
tributed.* The  higher  band  is  a  dark  grey  crystalline  limestone 
containing  entomostraca.  Tlu;  hef^s  nf  <„Tccn  and  greenish  yellow 
grits,  so  eharaeteristi(i  of  the  I']truna  marls  in  North  Stall'ord- 
shire  and  at  Thurgarton.  crop  out  on  the  banks  of  the  Dee  and 
Ceriog  to  the  east  of  Chirk.  It  is  noteworthy  that  the  included 
fragments  are  larger  and  more  ansular  than  in  North  Stafford- 
shire, and  iiKdude  fragments  and  chips  of  Silurian  rocks  derived 
from  the  neighbouring  Denbighshire  Hills.  In  Glyn  Morlas,  a 
tributary'  ot  the  Ceriog,  the  purple  mottled  marls  pass  up  into 
grev  sandstones  and  sTiales  contfiTTiing,  at  Ifton  Heath  Colliery, 
four  thin  seams  of  eoal.  Similar  sandstones  and  shales  form  the 
steep  esear[)iHent  in  Coed  yr  allt  Wood,  and  are  said  by  Mr. 
Davie.s-|-  to  iuclude  nodules  and  bands  of  calcareous  rock.  At 
the  junction  of  the  red  and  grey  series  in  Glyn  Morlasathin 
band  of  limestone  is  developed  containing  Ccurbonia  and 
AntJn'>/co,n)/'(  niJrJfera,  the  latter  being  a  small  fossil 
distinctive  of  the  fimestono  at  the  base  of  the  "  Newcastle 
series."  J  Tin's  grey  set  of  rocks  graduates  upwards  into 
lavender-coloured  sandstones  and  marls  identical  m  character 
with  the  "  Keele  Serit^s,"  .succeeding  the  "  Newcastle-under- 
Lyme  series,"  of  the  Pottery  coalfield. 

The  same  upward  soooession  of  red  marls  with  green  rocks  fol- 
lowed by  grey  sandstones  and  shales,  with  an  entomostracan  lime- 
stone at  the  base,  and  succeeded  by  lavender-coloured  sandstones 
and  marls,  can  be  seen  near  Rual>on  and  Wrexham,  where  the 
lower  marls  are  largely  used,  as  in  Staffordshire,  in  the  manufac- 
ture of  bricks  and  drain-pipes.  Near  Wrexham  tlio  upper  red 
marls  (Keele  Series)  make  good  terra  cotta  ware,  but  they  have 
not  yet  been  put  to  this  use  in  Stafibrdshire,  though  they  will 
possibly  be  tned  near  Silverdale.  The  stmtigraphical  succession 
m  Denbighshire  and  North  Stafibrdshire  is  thus  so  nearly 
identical  that  there  seems  no  doubt  that  the  same  conditions 
were  prevalent  in  both  districts  at  the  dose  of  the  Carboniferous 

•  See  Mb.  D.  C.  Davih,  QuoH,  Joum.  G90I,  Soc,  vol  x^uuii.,  p.  10. 

t  Op.  cif. 

X  Svminkary  oj  Frogren^  1899,  p.  110. 
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Mr.  QlbMiiL  period.    That  these  coalrields  iu  e  connected  undemeatli  the 
Triassic  deposits  of  the  Cheshire  plain  is  evident. 

A  closely  similar  succession  can  be  made  out  on  the  nortlutru 
flanks  of  the  Clent  Hills  between  St.  Kenelms  and  Old  HiU. 
Some  years  a^  Mr.  Giiison  nM}>[  1  portions  of  this  ground  in 
ronnoction  wiih  the  field-class  at  the  Universitj,  Birmingham. 
During  \iiti  leave  of  absence  l  ist  (  linstmas  he  revisited  the 
sections  bcl  \^  oen  Old  Hill  and  St.  l\<'n(  lm<^.  and  found  the  rod 
maris  ftt  Old  Hill,  used  in  the  nuinutHcturt  <>t"  the  ffimous  South 
Stutlordshii V  l.hic  brii^ks,  to  be  identical  in  lilhological  chaiMi  ter 
with   the   I'^iruriu  and   Huabou  marls,  and   to  contain  the 
characteristic  bands  of  green  and  greenish  yellow  grits  and 
breccias.    The  latter  are  frequently  Aery  coarse  and  angular, 
containing  numerous  fragments  derived  from  the  neighbouring 
Cambrian  and  pre-Cambrian  rocks  of  the  hickey  Hills. 

It  is  a  point  of  considerable  interest,  seiontifio  and  commercial, 
that  in  Denbighshire  and  South  SunlonKshire,  where  the  Coal- 
measures  are  ( 1  )se  to  or  abut  againsi  the  pre-Carboniferous 
rocks,  the  green  grits  and  breccias  contain  large  angular  frag- 
ments of  these  rocks,  whereas  at  Thuiiearton  and  in  Norui 
Staffordshire  the  green  grits  are  nmch  finer,  and  contain  only 
small  rounded  fragments  of  older  rocks. 

The  Old  Hill  marls  are  succeeded  by  the  Halesowen  sand- 
stone crroup,  a  scries  of  grey  sandstones  and  slialt-s,  with  thin 
coal-Scums.  Thin  bnnds  and  nodules  of  earthy  linn'.toiie 
(peldun)  are  developed  Lhroughout  the  scries,  but  do  not  appear 
to  contain  any  organisms.  Similar  bands  of  "  peldon  "  are  re- 
corded from  many  bore-holes  and  shaft-sections  sunk  throi^h 
the  red  Triassic  rocl<s  to  the  Coal-measures  outside  the  South 
Staffordshire  eoaltield.  A  bed  of  grey  limestone  at  the  junction 
of  the  Old  Hill  marls  v/ith  the  Halesowen  group  yielded,  near 
Halesowen,  a  few  entomostraca  The  Halesowen  group  is  suc- 
ceeded by  a  thin  series  of  red.  Lrn  v  and  olive-coloured  shales 
and  sandstones,  with  a  baud  uf  iSy u /•<>/■/; f 6- limestone  and  a  few 
thin  coals.*  These  are  apparently  represented  hi  North  Staf- 
fordshire by  the  grey  measures  in  the  Trientham  boring  at  a  depth 
of  between  551  feet  and  575  feet  They  are  followed  in  South 
Staifordshire  by  the  lavender-coloured  sandstones  and  marls  of 
Hunnin^ton.  wlii(h  are  iTidistinguishaMe  in  lithological 
characters,  from  the  Koojc  sands'ones  and  maris.  With  the 
exception,  therefore,  of  the  thin  limestone  with  t^^nrorbiti  at  the 
ioj}  of  the  Halesowen  group,  the  succession  in  South  Stattbrd- 
shire  is  identical  with  that  in  North  Staffordshire.  The 
wonderful  similarity,  even  in  details^  in  the  character  of  the 
higher  Coal-measures  throughout  the  ^Tidlands,  no  doul)t 
indicates  that  the  same  conditions  prevailed  towards  the  close  of 
the  Carboniferous  period,  over  an  area  cxtenfling  from  Notting- 
ham to  Denbighshire,  and  from  Lancashire  to  the  Lickey  and 
Clent  Hills. 

It  remams  to  be  ascertained  wliether  the  so-called  "  Upper 
*  Prof.  Lapworth,  Proc.  GeoL  Absoc.,  18d8,  p.  366. 
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Coal-measures  "  of  Coalbrookdale  and  the  Forest  of  Wyre  and  Mr.  Gibwn. 
Malvern  Hills  correspond  with  the  iu<,'lier  measures  of  the  other 
Midland  coalfields.  In  North  Statiordishirc  Lhcro  is  no  break  in 
the^  8tiati<j^phica]  series  from  the  lowest  workable  seam 
([Winpemiy)  to  the  highest  measures  (Keele  series),  whereas 
in  the  Ck)albrook(kle  and  Malvern  areas  a  very  marked  dis-  * 
cordance  is  said  to  divide  the  Upper  and  Middle  measures.  Mr. 
Gnisox  lia.s  htHm  led  to  believe  that  over  a  large  part  of  the 
Midlands  no  great  bmik  oeenrs,  but  only  local  irregularities  and 
overlap,  and  that  when  a  borehole  fails  to  prove  tne  productive 
measures  below  the  higher  measures,  it  will  probably  be  found 
that  the  former  have  Men  out  out  entirely  or  m  part  by  one  of 
those  powerful  fietults  from  which  none  of  the  Mioland  coalfields 
are  free. 

To  the  Kontli-east  of  Market  Drayton  the  same  geologist  has 
commenced  the  examination  of  the  red  rocks  which  have  been 
considered  to  belong  to  tlic  Permian  system.  They  consist  of 
lAegularly-bcdded  red  sandstones  and  red  marls,  admirably 
shown,  as  noted  by  Prof.  Hull,  in  the  long  canal  cutting 
between  T3-rk'y  Lock  and  Gheswardine.  They  are  arranged  in 
an  anticline,  surrounded  on  all  sides  by  rocks  of  Triassic  age.  Ab 
they  hare  yielded  no  fossils  their  age  is  doubtful.  They  bear 
considerable  rosomblanco,  however,  to  the  hifjf her  portions  of  the 
Keele  series  as  dcvclojicd  at  Mucklestonc  and  Moddershall.  In 
a  coppice  near  Cliijjn.iU  wood  a  shallow  sliaft  is  said  to  have 
passed  through  a  coal  lying  in  these  red  rocks. 

Mention  was  made  in  the  Stimmary  of  ProfjresH  for  1890,  p. 
108,  of  the  occurrence  of  an  ironstone  overlying  the  Chalky 
Mine  Ironstone  of  Clanway  Colliery,  Tunstall,  and  an  analysis  of 
the  raw  stone  by  Mb.  W.  Jackson,  A.K.C.S.,  was  then  jpv.'n  A 
further  analysis  has  l)een  made  by  l>n.  W.  Pollard  of  the 
calcined  stone  obtained  from  samples  taken  from  several  heaps 
of  burnt  ore,  and  is  hero  inserted : — 

Awiyiia  of  Calcined  Iron  Ore  from  Clanway  CoUieryt  Tun^ 
stall.   Seam  overlying  the  **  Chalky  Miite.** 

SiO,  22-76 

F«iPa   39-80\  Total  amount  of 

Feb   17  31 J    iron  41-32% 

MnO  1-70 

CuO   Trace 

(MCo)O   07 

B»0   06 

CtD  2*98 

MgO  a-fiO 

PA  •'ft 

S   07 

H|0  '19 

100*37 

The  amount  of  silica  is  higher  than  in  any  of  the  ores  used  in 
tlvi  ^istriet,  and  is  only  appi-oached  by  the  '*  Giibbin/'  with  14*68 
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Gibson,  por  cent.  (J.  UoMEB,  I'roc.  Iron  cmd  Uted  Inst.,  Sept  7th»  1875, 

p.  6G2). 

In  tho  neighbourhood  of  Macclesticld  Mk.  Pocock,  besides 
rovu;ing  the  subdivisions  of  Mills tonc-^it  made  by  Professor 
^  Gbeen,  hAs  traced  the  boundaries  of  similar  sandstones  in  the 
Coal-measures  as  well  as  of  the  thin  sandstones  and  quartzites  in 
the  grit  and  shale  ^ronp  bolow  the  Millstone-grit  series.  Tho 
numoer  of  these  grit  bands  and  the  broken  condition  of  the 
strata  has  soinrNvl'Mt  impeded  the  progress  of  mapping.  The 
followinir  siirccssiun  of  stmtn  has  hfcn  ascertained,  "with  approxi- 
mate cstiuiato  of  the  tliickiiess  of  tho  ditierunt  members: — 

1.  Kerridge  siiiidstone,  150  feet. 

2.  Measures  with  coal  seams,  200  feet. 

3.  BfillBtone  grits  (four  beds  with  shale  partings),  650  feet 

5;  Shalrgrit, 

6.  Shales  with  earthy  limestone  and  marine  band,  1 1^-^ 

7.  Yoredale  sandstones  (Ciowstones).  /  ^ 

In  this  table  Nos.  6  and  7  correspond  w  ith  the  Yoredale  division, 
as  determined  on  the  eastern  side  of  the  Pennine  range.  The  sand- 
stones and  crowstonesare  hard  splintery  sandstones  or  quartrites, 
which  rise  from  beneath  the  shales  witn  a  steej>  dip  and  form  a 
prominent  group  of  hills  due  south  of  Macclestirld.  of  which  the 
hi|;)iest,  CrM^er  Hill,  is  l/,00  ft.  above  the  sen.  T  - iilike  the  higher 
grits,  these  sandstoiu  s  rarely  present  cscai-piiient  faces.  They 
are  1  lirowii  into  a  snccession  of  sharp  folds,  on  the  north  and 
soulIi  axLs,  and  the  declivities  are  generally  dip-slopes.  On  the 
west  the  strata  arch  over  and  end  abruptly  against  the  New  Bed 
Sandstone  which  underlies  the  Cheshire  plain.  Their  base  is  not 
seen,  so  that  no  measurement  of  their  total  thickness  can  be  made. 
The  thickest  bed  of  crowstone  may  be  nearly  1 00  feet  thick,  and 
is  stieeeeded  l)v  two  or  three  thin  beds  (15  or  20  feet)  with 
separating  shales.  The  slialcs  with  earthy  linn^stnuo  nnd  marine 
bands  have  yiolded  G<n}l<i(ites  and  AvioihriHri,  ,1  papyracevLS, 
fossils  common  to  measures  lying  above  llie  1st  Gnt.  The 
series  of  grits  in  the  Millstone-grit  (3,  4,  5)  is  poorly  repre- 
sented. The  long  mural  escarpments  with  broad  valleys  of 
softer  strata  which  characterise  the  formation  to  the  north  and 
east  have  here  given  place  to  complicated  ground,  broken  by 
cross  valleys  and  faults  into  detached  hillocks,  where  the  only 
conspicuous  shale  features  are  those  wliich  sepamte  tlie  inilf- 
stones  from  the  Iverridgo  sandstone  above  and  the  shale-grit 
below.  A  close  examination  of  tlx  ground  shows  that  the  four 
divisions  of  the  millstones  are  still  present^  but  the  shales  which 
separate  them  are  mere  partings.  Three  miles  to  the  north- 
east the  grits  open  out  into  a  succession  of  escarpments  and  dip- 
slopes,  but  they  are  there  nearly  400  feet  thicker  than  at 
Macclesfield. 

The  strata  with  eoal-seauts  anil  the  Kerridge  sandstone  are 
generally  groupod  with  the  Lower  Coal-moasuros,  but  the  grits 
do  not  (iiti'er  essentially  from  those  of  tho  Millstone-grits,  so  that 
here,  as  elsewhere  in  England,  the  diviaon  between  Coal- 
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measures  and  Millstonc-grit  is  quite  flrbitrary.     The  seams  ofsir.  Giliioo. 

coal  an  Ap  small  commercial  value,  and  tlic  few  mines  in 

tliey  were  still  worked  at  the  time  uf  the  original  geological 

survey  of  the  district  are  now  closed.    The  oveHying  sandstones 

form  a  conspicuous  feature  at  the  eastern  edge  of  the  Cheshire 

plain.  Thejaxe  largely  (quarried  on  Kerridge  hill  and  at  BoUing- 

ton,  and  occasionally  yield  fine  specimens  of  plants.  Three  distinct 

beds  of  sandstone,  separated  by  sliale  partings,  can  be  traced. 

Further  smith,  in  the  Hi(ldul|)h  and  Congletnn  areas,  Mr.  Mr.  Wedd. 
Wedd  finds  a  more  complete  seru's  of  tli<'  T.ow'  r  Carboniferous 
rocks.  The  uppermost  ioeds  of  the  liiiu  ^ioiit'  wliidi  are  brought 
up  on  a  sharp  fold  in  the  (piarrics  at  iVstbury,  are  associated  with 
interbedded  agglomerates  and  tuffs,  as  described  by  Messrs. 
Gibson  and  Hind.*  They  are  succeeded  by  a  series  of  calcareoiu 
shales  and  thin  bands  of  dark  impure  limestone  containing  small 
goniatites,  and  a  thin  scam  of  impure  coal  lying  15  feet  above  the 
highest  bed  of  tuflf.  Bt^twonn  those  and  the  'h'd  Grit  a  scries 
of  shales  and  grits  forms  the  hill-slopes  between  the  AstV)ury 
quarries  and  C'ongleton  Etlgo.  The  four  millstone  grits  of  the 
Maccleslield  aica  have  apjparcntly  dwindled  down  to  two,  re- 
presenting the  first  and  third  grits  of  the  northern  area.  Along 
Mowcop  a  coal  nearly  four  feet  thick  lies  on  the  top  of  the  third 
^it,  and  vas  formerly  worked.  A  thin  coal  also  oyerlies  the 
Jirst  grit. 

On  the  ofTst  sifle  of  the  P>i(l(1iilpli  Vallc}^  a  cnnl  cormsponding 
in  |>ositi(>n  to  the  Crabtreo  l  oal  i<\  WCtley  Moor  and  Chcadle  ran 
easily  be  traced  from  VVickeiistone  to  within  a  fow  yards  of 
VVoodhouse  farm.  Th«)  shale-roof  contains  niimtruus  s|)eciinens 
of  Goniatit^  and  Avicvlopecten,  of  the  same  s[>ecies  as  occur 
above  this  cual  in  the  Choadlc  area.  On  the  west  side  of  the 
Biddulph  Valley  this  coal  s<  am  nas  not  1 1'cn  found,  hut 
its  position  is  probably  marked  by  a  thin  Iwnd  of  pc^bbly  ^it 
250  feet  above  the  first  grit,  wbir  h  is  similar  to  the  grit  formmg 
the  floor  of  tlic  coal  on  tne  east  side. 

Owing  to  the  steep  dip  of  the  strata  and  the  covering  of 
superficial  deposits,  Uttle  is  seen  of  the  measures  above  the  tirst 
grit  It  is  certain,  however,  that  they  include  no  massiye  erit 
comparable  to  the  Kerridge  rock.  The  strata  in  the  Biddulph 
Valley  arethrown  into  a  synclinal  fold  with  a  north  and  south 
axis,  the  position  of  which  is  accurat(;ly  shown  by  a  level  course 
in  the  Newpool  (rorkshead)coal  nt  tho  Bradley  (Jr.'cn  Colliery. 

The  struct  uro  of  iIi-'  comiilicatcd  grouii<i  botwc^  ?!  Harccastle 
and  Astbuiy  lime- works  has  nol  yet  been  fully  made  out.  It  is 
of  considerable  importance  with  reference  to  the  occurrence  of 
coal  beneath  the  Triassic  deposits  to  the  west,  and  has  zeceiyed 
much  local  attention. 

Culm  of  Devon  and  Cornwall. 

A  f(  w  additional  particulars  have  been  gleaned  by  Mr.  TTrsher 
reganiuig  tho  dcvelopmnut  uud  distribution  ot    tlie  Tuhn 


*  Quart.  Joum.  Geoi,  «^'oc.,  vol.  Iv.,  1889,  p.  548-659. 
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MbWedd.  measures  of  Cornwall  and  Deron.  In  the  region  coloured 
Deyonian  on  the  published  maps,  he  has  found  that  some  miles 
to  the  north  of  St.  Germans,  rocks  resembling  the  Middle  Culm 
appear  in  tlio  form  of  fine,  more  or  less,  felspathic  mts  or  sand- 
stones, and  dark  shales  or  mudstones,  with  which  tney  are  oeca- 
sionally  inlerbanded.  Lower  Culm-PK  asurcs  ionii  a  siiiall.  in- 
lying, anticline  at  the  north  end  of  Amy  Down.  I'hev  also  occur 
on  Tor  Down,  llcrod  Down,  Crendle  Down,  and  \Varreuleigh 
Plantation,  Newton  Ferrers  House,  and  Dunn^dake.  They 
consist  of  hard,  shaly,  and  dark  mudstones,  with  cherty  bancb 
and  dark  banded  slaty  shale,  in  which  no  definite  succession 
could  be  detect' d.  In  the  south  part  of  Herod  Down  hard  shaly 
beds,  apparently  in  the  upper  part  of  the  series,  contain 
PoHidoiutuiya  and  GonialUes  Sj^iraiis.  In  the  adjacent  road 
soft  beds  of  the  Brimley  typo  occur.  Xo  limestones  have  been 
met  with. 

The  Culm-measures  around  Chudleigh  were  surveyed  on 

the  old  one-inch  map  in  1887,  when  no  subdivision  was  con* 
templated  beyond  their  separation  from  the  Devonian  Series. 
The  district,  north  and  wost  of  Chndleigh,  has  been  found  to 
resent  tlie  follo^v^np:  sticeession  in  the  Lower  Culm-measures 
elow  the  eriis  and  shales  of  the  Middle  division: — 

5.  Hard  and  soft  shales  and  hard,  dcn^c  mudstones,  with  ocr^isional 
baads  of  pale  grey  siliceous  liineatone  and  of  chert,  roiulonomya. 
4.  Cherty  rocks  ana  dark  chert-beds  intercalated  with  hard  mudstones. 
3.  Local  evidences  of  contein|>oraneous  vulcunicity. 
2.  Very  har<l,  dark,  bodded  mudstoues,  with  thread-like,  whitish  bandiug 

at  inter  vala. 
1.  Dark  grey  shales  or  slates. 

The  Lower  Culm  rocks  have  not  yet  been  separated  in  the 
districts  between  Chudleigh  and  Kingsteit^nton,  nor  south  of 
Bovey  Tracey ;  hut,  in  the  area  W.  of  Chualei|2fh,  from  Doddis- 
combsleigh  to  Bovey  Tracey,  their  boundary  witli  the  overlying 

shales  and  grits  is  a  well-marked  stratiirraphical  line. 

Advantage  has  been  takt  ii  by  Mil.  LssiiER  of  th<'eonstru(  lion 
of  the  Teign  Valley  Exteu.sion  Railway  to  examine  the  cuttings 
had  open  along  the  line.  Among  Culm  shales  and  qrits  of  the 
Exeter  type  he  observed  in  Porridge  Tunnel  an  anticiuic  which 
brings  up  dark  mudstones  containing  (Joniatites.  This  observa- 
tion taken  together  with  another  made  in  1887  near  Tedbum 
St.  Mary,  where  the  uppermost  bods  of  the  Lower  Culm  were 
foimd  with  small  GoaiatUeH,  d«!monstrates  the  constant  repetition 
of  the  Cidm  rocks  between  Chndleigh  and  the  Crediton  valley, 
and  proves  that  the  upper  beds  of  the  Lower  Culm  are  of  a 
distinctly  argillaceous  character,  whilo  the  overlying  rocks  are  of 
the  Exeter  type. 

Geanite  of  Cornwall. 

The  varioas  bosses  of  granite  which  in  the  south-west  of 
Cornwall  pierce  the  "  killas  "  are  not  iniprolmbly  like  those  of 
Devonshire,  younger  than  the  Cuhn-measm-es.    But  reference 
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may  most  convenientlv  be  made  to  them  in  the  present  section  Mr.  Wedd. 
of  this  Suinnuiry.  Those  which  extend  horn  the  i^and's  End  to 
St  Ives  and  from  Marazion  towards  Hclston  have  beon  mapped 
Mr.  Wilkinson.  The  lai^^e  mass  which  lies  to  the  west  of 
Faknouth  is  now  under  examination  by  Mb.  Hill,  who  supplies 
some  preliminary  notes  regarding  it 

The  mapping  of  tho  «rraiute  has  so  far  Ix'tii  limited  to  the  Mr.  Hill, 
exaiiiiiiation  of  a  portion  of  the  great  Penryn  mass.  It  is  a 
grey  arid,  eoars.'  t-  xtnred  niuscovite-graiHte  ronsistinL'  of  orllio- 
cla-se  and  plugiuclase,  abundant  miarlz,  and  bolli  wiiity  anil 
black  mica,  together  with  tourmaline  in  varying  proportions. 
Por^^hMitic  febpars  are  commonly  distributed,  and  include 
individuals  of  idioinorphic  orthoclase  exhibiting  twinning  of  the 
Carlsbad  type.  Although  not  so  coarsely  crystal'! no  ;uj  some  of 
the  other  t'ornish  «:jranites,  whieh  contain  porphyrin^  iVlspar^^  of 
large  size,  like  those  of  the  Land's  Kud  typr  or  of  tlii-  in;tss  neiir 
St  Audtell,  ^'Ct  the  Penryn  ro«  k  pn'^rjiis  ji  texture  which,  as 
compared  with  other  lirltish  j^ranites,  is  not  only  c(^irse  im 
regards  the  matrix,  but  also  m  the  size  of  its  porphyritic 
febpars  which  are  often  2  or  3  inches  in  lengtL  Althou{;fa 
both  muscoTite  and  biotite  arc  usually  present,  every  varia- 
tion may  be  observed  in  their  relative  abundance.  In  some 
sections  muscovite  may  occur  almost  to  the  exclusion  of  the 
biotito,  Avhilc  in  others  the  mica  may  be  almost  entirely  biotite. 
Tourmaline  occurs  both  as  a  consliiuent  of  the  ground  mass  in 
which  it  generally  itikes  the  form  of  stumpy  prisiiLs,  and  as  a 
later  introduction  coating  the  faces  of  joint  planes  in  needle-- 
shaped crystals  which  tend  to  dispose  themselves  in  bunches. 
These  needles  sometimes  attain  a  length  of  2  or  3  inches.  Tour- 
maline seems  to  be  a  conspicuous  mineral  in  the  more  acid 
portions  of  the  granite  whicfi  vein  tbe  normal  typo.  \n  some 
veins  of  coarse,  acid  granite  touruiaiine  occurs  to  the  exclusion 
of  bi«>tite.  and  some  of  tin- individiiabi  bave  been  noticed  under 
these  conditions  a^i  lar'^e  a»s  hah"  an  inch.  Where  such  coarse 
acid  veins  have  been  observed  to  contain  tourmaline  as  well  as 
massive  schorl,  contiguous  veins  which  are  finer  in  texture  are 
found  to  be  rich  in  biotite,  while  tourmaline  is  then  entirely 
absent.  In  the  coarse  veins  containing  tourmaline  the  mica  that 
occurs  is  muscovite.  Other  instances  have  l)ccn  observed  where 
the  only  mica  contained  in  the  coarse  acid  vciiLs  is  a  white  mica. 

In  tliat  pirt  of  the  Penryn  granite  which  has  yet  been  mapped 
no  perceptible  change  of  texture  has  been  noticed  at  its  outer 
9dges,  It  should  be  mentioned,  however,  that  sections  showing 
actual  junctions  of  this  rock  with  the  slate  are  rare,  yet  if  the 
mass  is  looked  at  as  a  whole,  a  distinct  difference  of  texture  may 
be  detected  in  it  between  the  marginal  parts  whieli,  broadly 
S|>'vikiTV7,  are  finer  grained  tban  the  interior,  and  are  found  to  be 
somewhat  heavier  than  tlie  coarser  grained  materiaL 

The  com[)arative  uniformity  in  the  direction  of  the  major 
joints  in  the  granite  over  the  whole  Cornish  area  was  long  ago 
pointed  out  by  De  la  Becub.  In  the  Penryn  district,  one  set  of 
vertioid  joints,  having  a  prevalent  direction  of  N.  10  deg.  W.,  is 
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Mr.  HUL  crossed  by  another  vertical  set  at  riqht  ancflcs.  These  two 
svstoms,  in  conjunction  vnih  a  third  set  more  ur  less  horizontal, 
divide  the  whole  rock  into  a  set  of  roughly  prismatic  segments. 
The  great  regularity  of  these  joint  planes  nas  been  an  important 
factor  in  the  rapid  development  of  the  granite  industry  of  Corn- 
wall, as  compared  with  other  localities  in  Britain.  The  joints 
have  received  local  names.  Those  which  trend  N.  10  dog.  W. 
arc  known  a.«i  rf'^aving  tmy-joints,  tliosn  at  ri^jht  angles  are  the 
tough  u'(///-joints,  while  tho  horizontal  joints  are  known  as 
floors  or  (J  aurt  firing  wau-jo'mla.  The  ^ram  of  the  g^ranito  has 
been  found  to  correspond  with  the  position  of  the  joints,  hence 
their  names. 

The  rock  cleaves  most  rojidily  along  planes  parallel  to  the 
floors  or  horizontal  joints.    The  next  easiest  cleaving'  plane  is  th  it 
parallel  to  the  clertvincf  way-joints (N.  10  dog.  W.),  wliile  the  rock 
clnn  ve^  mns;t  irrcrrularly  ])arallel  to  the  tough- way  joints.  This 
rule  IS  understood  to  liold  good  over  the  whole  granite  area.  An 
examination  of  numerous  sections  in  which  all  three  types  of 
jointing  are  visible  appears  to  show  a  distinct  tendency  to 
orientation  along  planes  parallel  to  the  horizontal  floors  and  to 
the  cleayine-way  loints,  il    ii^di  no  absolute  regularity  in  this 
resi>ect  hsA  been  ODserved  While  in  many  instances  these  joints 
trend  away  from  the  normal  direction  ;  it  is  unusual  to  find  more 
than  on(}  joint  deflected  in  the  same  exposure.     The  horizontal 
joints,  altlion*,']!  thoy  often  undulate,  are  tlio  most  regular  of  all. 
The  cleaving  planes  of  the  rock  are  not  always  slrietly  parallel 
to  the  joints,  yet,  on  the  whole,  the  marked  parallellism  between 
the  joints  ana  the  directions  along  which  the  rock  most  readily 
cleaTes  is  unmistakable.   From  the  evidence  of  a  lai*ge  number 
of  sections  there  is  reason  to  conclude  that  not  only  is  there  a 
close  connection  between  the  major  joints  and  the  <jrn'm  of  the 
rock,  but  that  this  grain  is  dependent  on  the  internal  mineral 
arrnn^jemenfr  of  trie  rock,    and  that    all  three  phenomena 
are    closely    related.     Tho  uniformity    m  these  structural 
features  appears  to   be  diffused   oyer  the  whole  sxanite 
mass,  and  may  perhaps  be  found  to  be  common  to  the  whole  of 
the  granites  of  the  West  of  England.   The  internal  crvstallino 
arrangenient  appears  to  consist  hrst  in  a  tendency  for  tlio  mica 
to  lie  witli  its  basal  planes  horizontal ;  secondly,  in  a  disposition 
of  the  f(  Isjiars  both  as  constituents  of  the  matrix  and  ns  por- 
pliyritic  individuals,  with  their  flat  sides  in  a  similar  ]>o.sition  ; 
and  thirdly,  in  tho  orientation  ot  the  felspars  with  their  long 
axes  parallel  to  the  cleaving- way  jointa   The  first  and  second  m 
these  structures  probably  exnlam  the  proneness  to  cleave  parallel 
to  tho  horizontal  joints,  while  tho  third  seems  to  show  why  the 
rock  tends  to  cleave  in  planes  parallel  to  the  cleaving-way 
joints     Tlie  roek,  however,  presents  no  structures  so  defiTied  as 
those  ot  foliated  rocks.    Tt  does  not  dillVir  to  any  marked  (ie^rce 
in  outward  appearance  from  ordinary  granite.     Yet  it  has 
evidently  undergone  a  rudo  and  initial  stage  of  foliation, 
wherebv  its  component  minerals  have  been  forced  to  rearrange 
themselves  in  a  deiinite  direction  so  as  to  acquire  a  deavage. 
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The  tou^li  way  joiats,  or  those  which  correspond  rouglily  to  ft  Mr.  BUL 

direction  1'..  10  deg.  X.,  may  sometiincs  be  fuiiils,  insfaiicos  being 
common  where  the  horizontal  Hooi  ;  h  tve  been  thrown  by  tliem 
as  mucli  as  2  feet,  or  where  the  joints  display  Rhckensided 
surfaces  iadicative  of  relative  displacement  of  the  walls.  Further, 
the  finer-graiued  granite  veins  tend  to  take  a  course  parallel  to 
these  same  joints,  while  the  elvan  dykes  undoubtedly  foUow  the 
same  parallellism. 

The  liorizontal  joints  or  floors  form  one  of  the  most  character- 
istic features  as  seen  in  the  ti<  Id.  De  LA  Beche  considered 
them  as  ori^nnu!  stru^  lures  and  not  as  produced  at  a  conj- 
paratively  late  iKaiod  by  the  decomposition  of  the  outer  crnst. 
riio  fact  that  taese  horizontal  joints  have  beeu  iauiled  by  the 
joints  bearing  R 10  deg.  N.  proves  them  to  be  at  least  older  than 
these  tough-way  lines  of  division.  Later  joints,  however,  occur 
which  cannot  always  be  distinguished  from  the  true  "floors" 
into  which  they  appear  to  blend.  The  intervals  between  these 
horizontal  joints  or  floors  increase  with  depth  from  the  surface. 
In  one  of  the  qnanii  s  the  joints  are  GO  feet  apart,  while  in 
another  they  are  so  favourably  disjK»M'il  that  bloi  ks  of  stone  can 
be  produced  120  feet  long,  28  feet  w  ide,  and  30  feet  deep. 

The  elvans  display  considerable  irregularity  in  their  iointing. 
One  of  these  dykes,  intruded  along  the  "  tough-way '  of  the 
granite,  has  a  common  "  ^iiartering-way"  joint  with  that  mas8» 
while  one  of  its  dominant  joints  corresponds  with  the  "  cleaving- 
way  "  joints  of  the  granite. 

Although  the  junction  ol"  tht.'  granite  with  the  slates  can 
be  rarely  seen,  the  coiltact  metamorphism  of  the  latter  may  bo 
sufficiently  studied-  As  stated  in  former  Reports,  it  presents  an 
aureole  of  "knotted ''slate,  the  innermost  portions  or  which  are 
crowded  with  minute  scales  of  muscovite  and  biotite, 
while  at  the  actual  junction  andalusite  is  abundant.  The 
phenomena  tluis  differ  considerably  from  those  displayed  by  the 
Land's  End  granite,  near  to  wbicrh  the  sedimentary  rocks  are 
indurated  and  change  inU  hornfels  to  such  an  ex  lent  that  it  is 
often  (iithcult  to  distinguish  these  rocks  from  the  greenstones. 

As  the  survey  of  Cornwall  has  so  recently  been  extended  to 
the  mining  districts,  the  oxaniination  of  the  lodes  has  only  been 
bejjun.  The  districts  of  Camborne  and  lb  <lnith«re  now  the 
pnncipal  seats  of  the  minint^  industry,  which  is  more  or  loss 
scattered  over  (lie  roioiM  v.  Notwithstanding  the  length  of  time 
since  the  Geol  ^ji d  Survey  maps  of  this  district  were  com- 
pleted and  publislu  (1,  the  prineipal  mining  operations  are  still 
carried  on  in  the  old  lodes  which  are  shown  on  the  original  maus. 
Tin  is  being  extracted  at  present  from  a  group  of  mmes  in  tne 
Camborne  district  at  denths  varying  from  200  to  450  fathoms. 
The  tin  lode  known  in  the  district  as  the  Great  Flat  lode  ha.s, 
however,  been  discovered  since  the  first  survey.  It  is  extensively 
mined  for  tin,  the  workings  descending  to  a  d-  ptli  of  300 
fathoms.  Besides  these  more  important  tin-|>rodueing  mines, 
minor  operations  are  conducted  nearer  the  surface  on  lodes  down 
to  a  depth  of  about  20  fathoms. 
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Mr.  HilL  The  tin-stream-washing  is  almost  at  an  end  in  the  county,  hm 
operations  of  iliis  kind  nre  still  carried  on  al  IVrran  Forth  and 
at  l*iju  Toils  nt^ar  Cauiborne,  wliile  tho  advanced  price  of  tin  has 
led  to  the  working  of  the  old  imiiiiu[  burrows  with  prolit  iu 
various  portions  of  the  county.  Whue  tin  forms  the  principal 
mineral  at  present  raised  in  the  county,  copper  is  also  worked, 
together  with  other  metals,  including  arsenic,  wol&am,  luid 
uranium. 

Triassic. 
Leicestershibe. 

Mr.  Fox-        The  revision  of  the  geological  maps  of  Leicestershire  and 

S4i»ogwayi.  a^joinjng  counties  has  led  to  a  more  precise  delineation  of  the 
boundary-lines  of  the  Triassic  formations  ot  that  district.  Thus, 
alonj^  tho  nortliern  side  of  the  Wreak  Valley,  between  Melton 
and  Lough Ixjrongh,  tho  Keuper  Marl  and  llhaetic  group  have 
been  separatvd  by  Mr  Fox  Stk \n<;\\ ays.  The  Rhaetie  out- 
crop haa  bucu  traced  nurlliwaids  irom  Barrow,  and  the  ilurk 
paper-shales  are  well  exposed  at  Barrow  Hill  resting  on  the  tea- 
green  marls,  with  a  thin  bone-bed  between  them.  Thence  tho 
outcrop  may  ho.  followed  through  the  village  of  Walton  until  it  is 
lost  under  boulder-clay.  Agam,  along  tho  eastern  side  of  the 
Soar  Ynlley,  where  two  well-marked  outliers  of  Rhaotio  and 
Lia^sic  strata  rise  to  the  sontli  and  west  of  rJotham.  the  l\(,'aper 
Marls  contain  an  important  bed  of  gypsum,  which  is  exlonsively 
worked  near  tho  village,  and  has. been  traced  for  se vera  1  miles. 
The  outcrop  of  the  Knaetic  beds  is  well^own  along  tho  steep 
sides  of  these  outliers,  but  the  bone-bed  has  not  yet  been  detected 
here. 

Stapfobdshire,  Shrofshibb,  and  Cheshire. 

Mr.  Banow.  In  the  Cheadle  district  further  progress  was  made  List  spring 
by  Mr.  B.\riiow,  who  mapped  an  iulditional  tract  of  Bunter 
£iandstone  and  Keuper  Maria  The  most  interesting  part  of 
lus  work  consisted  in  the  detection  of  some  indications  of  dis- 
cordance, possibly  due  to  contemporaneous  erosion  in  the 
Triassic  series,  ana  accompanied  by  traces  of  slipping  along  the 
side«?  of  pre-Triassic  valleys. 

Mr.  Gibeon.  The  r>nnter  grouy)  has  hron  found  bv  Mr.  GibsoX  to  be  well 
developed  iiround  Market  Drayton,  where  it  is  exposed  in  many 
natural  sections.  Possibly,  however,  only  one  of  the  three  sub- 
divisions of  the  grou  n  is  here  represented.  Ban^  of  false-bedded, 
laminated,  non-pebbly,  mottled  red  sandstones,  indistinguishable 
irom  those  usually  classed  as  "  Lower  mottled,"  are  developed  at 
several  horizons  tlirongliout  tlie  pebbly  subdivision.  Oneoi  these 
bands,  ocenrrinfr  bi'jb  tit*  in  the  middle  subdivision,  has  been 
mapped  as  Lowe  i-  Mottled  S.indstono  on  tlio  published  ono-inoh 
map.  Near  Tern  Mill  the  non-pebbly  sandstone  can  l>e  seen  resting 
on  the  coarse  conglomeratic  sandstones  which  rise  to  the  south  ol' 
Market  Dru}  ion.    Near  Tyrley  Lock  the  lower  subdzrjsbn  may 
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he  represented,  but  it  passes  upwards  imperceptibly  into  the  Mr.  Qibioai 

niidflle  subdivision-  In  North  Stiirt'ordshin?  the  lower  portion 
ot  thu  Ikiiitur  group  may  be  said  to  coiisi&t  oi  slightly  pebbly 
sandstones,  congloiatjratos,  and  shingle  beds,  with  lenticular 
bands  of  non-pebbly  sandstone,  developed  at  the  base  and  at 
higher  horizons,  but  more  frequently  near  the  summit,  when  it 
constitutes  the  uiiptr  niottled  subdivision.  Tlio  coarseness  of 
the  sandstones  and  the  i'rcquency  of  the  shiiu^le-beds  rapidly 
increase  from  west  to  east,  till  at  Cocknago,  on  the  south-eastern 
margin  of  tho  coalfield,  tlie  iiiintrr  is  rL'jirrsented  by  strong 
congluiueratic  sandstones  and  numerous  hands  of  coarse  sliinglo, 
thus  approaching  to  the  Leicestershire  tyjMs,  which  consists  of 
shingle  oeds  enclosing  lenticles  of  sandstone. 

In  the  Macelestield  district,  which  is  undergoing  revision  by  Mr.  Pocock. 
Mr.  Pocock,  the  New  Red  Sandstone  is  ahnost  entirely  buried  under 
thick  drift.  A  ridge  of  it  runs  in  a  south-easterly  direction  from 
Alderley  IMge,  ana  comes  to  tlio  surface  near  Rixdcliffe  Wood. 
Yellow  sandston»!s  with  a  few  small  pt4)l)les  abut  aij^ainst  the 
steep  slope  of  Yortdale  sandstones.  No  great  tliiekne.ss  of  sand- 
stones is  seen,  and  they  pass  up  confuruiubly  into  red  maris, 
which  overlap  the  santutones  till  they  oome  into  contact  with 
the  Carboniferous  rocks.  The  Trias  rocks  do  not  show  any  sign 
of  disturbance  along  the  line  of  jimction,  their  boundary-ime 

glinting  rather  to  their  having  been  deposited  against  a  steep 
ce  of  Carboniferous  rocks. 

In  the  Cough  ton  <listrict  surveyed  by  Mr.  Wedd  tlio  junction  Mr.  Wedd, 
of  the  newer  and  older  formations  is  undoubtedly  a  fault.  Thus 
in  the  stream  liowing  west  irom  Congleton  Edge  through  Lime- 
kiln Wood  the  Trias  can  be  seen  faulted  against  Carboniferous 
strata.  A  £ftulted  junction  is  also  visible  nalf-a>mile  west  of 
Mowcop  close  to  Grotto  Wood  In  the  Lawton  Pit,  west  of 
Harecastle,  the  red  rock  is  proved  in  a  stone  drift,  and  the 
junction  is  described  as  a  fault.  The  workings  of  the  liunkers 
Hill  Colliery  also  |»rovc  tlie  junction  between  the  Trias  and  Coal 
Measures  to  boa  fault  of  unknown  amount  with  a  dowutlirow  to 
the  west.  The  western  margin  of  the  Tottery  Coalheld  along  its 
entire  length  from  Madeley  to  Talke  is  bounded  by  a  large  fault 
which  can  be  proved  to  afiect  both  the  Trias  and  Coal  Measures 
at  Bar  Hill,  Miicklestone,  and  Madeley  Manor. 

In  the  small  strip  of  Trias,  on  the  western  flauks  of  Mowcop 
and  Congleton  Kdge,  the  liunter  division  is  scei)  at  intervnls. 
Ea^t  of  yiov.-eop  station  tlte  Kt  uper  division  is  faulte  d  against 
l>unter,  and  soon  pas.ses  under  red  marls  which  gradually  overlap 
the  Bunter  formation. 

Lhle  of  Araan. 

The  important  discovery  of  Rhaetic  fossils  in  Arran,  annoimoed 
in  the  Siunmartf  of  Pr<Mjirss  for  1899,  was  followed  up  lost 
vear  by  a  further  search,  which  was  rewarded  by  the  discover}'  of 
H  large  assemblage  of  fo.ssi Is  of  Khaetic,  Li.is'^ie,  and  Cretaceous 
ages.  Tho  strata  containin*^'  these  fossils  uru  not  in  piaee,  but 
occur  as  large  nuusses  witlan  an  old  vulcanic  vent,  into  which 
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Mr.  W«dd     they  mn<?t  hare  fallen  from  aH(>v«\    Tho  cin  iniistances  of  their 
occurreuce  will  therefore  h«  metre  a])propriatt)ly  described  in  tiie 
pages  of  the  present   volume,   which  treat  of  the  Tertiary 
▼oTcanic  mcks  oi  Scotland.  It  may  suffice  to  state  here  that  the 
discovery  of  masses  of  abundantly  fossiliferous  Rhaetic  shale  in 
Arran  atVords  the  strongest  proof  that  the  n<'wer  red  saudstones 
of  the  southern  half  of  tho  island  are  really  Triassic.    The  age  of 
these  strata  lias  Imig  been  in  dispute.    They  have  been  rej^J^rded 
as  Old  lied  Saiidstoin",  Carboniterous.  and  New  Red  Saiulstojie. 
It  is  interesting  to  noltj  that  the  final  dcLennination  estahUbhed 
by  the  l'ot»sils  conlirius  the  origuiai  conclusion  of  Sedgwick  and 
MURCHisoN  that  the  rocks  belong  to  the  New  Red  Sandstone." 

The  di«cov6ry  of  Rhietic  fossils  in  Arran  has  led  to  the  r^ 
examination  of  some  specimens  collected  by  Mh.  H.  B,  Wood- 
ward in  1892  in  the  passage-beds  between  Trias  and  Lias  at 
Eyre  Burn,  on  tho  soutn  of  Raasny.  Tho  fossils  recognised  by 
Mr.  E.  T.  Ne\^TON  are  MotHida,  Pecten,  and  Phurcmi  wr  ef 
crouHoinbcia,  not  siithci^.ntly  dotiiiilo  in  themselves  to  prove 
their  Kh:etic  age,  but  interesting  to  record,  as  similar  and  better- 
preserved  examples  have  since  been  found  in  Skye  in  the 
passage-beds  between  Trias  and  lias. 

Jurassic. 

CAMBKiDt  i  SHlllK  AND  liUNTIXUDOXSHIRK. 

During  the  past  year  it  Avas  found  desirable  to  trace  some  new 
lines  over  a  considcral)le  area  ot'  the  eastern  half  of  Sheet  187 
(new  series)  in  the  counties  of  Cambridge  and  Huntingdon. 
Mr.  Wedd,  who  was  detailed  for  thiii  duty,  separated  the  Ampt> 
hill  Clay,  with  the  Elsworth  and  St.  Ives  Rock  at  its  base,  firom 
the  Kimeridge  Clay  above  and  the  Oxford  Clay  below.  He  has 
traced  the  outcrop  of  the  Elsworth  and  St.  Ives  band  nii)re  or 
less  continuously  for  some  tnelvo  or  fifteen  miles  from  the 
neighbourhood  of  Croxtnn  in  the  south,  through  Veiling,  Pap- 
worth  Everard,  Elsworfli,  lliilon  and  Fen  r)rayt^)n  to  the 
Ouse  Valley  in  the  north  ;  and  again  on  the  north  side  of  ihe 
Ouso  Valley,  tVom  Houghton  Hall  in  tho  west,  through  St  Ives, 
Needingworth,  and  Holywell.  It  appears  that  all  the  ground  to 
the  east  of  this  outcrop  for  some  dist^uice  is  Ampthill  Clay, 
while  that  lying  to  tho  west  is  Oxford  Clay.  A  layer  of  phos- 
phatic  nodnles  has,  where  seen,  Ix-en  taken  as  the  np]>er  limit 
of  the  Amptbiil  Clay,  as  suggested  by  the  late  T.  iioii£BT8. 

Isle  of  Arran 

In  the  same  Terdary  volcanic  vent  to  which  reference  has 

been  made  in  the  Triassic  section  of  this  Summtvr^  large  blocks 
of  dark  shale  are  likewise  included,  from  which  a  number  of 
charaeteristic  Lower  Lias  fo.ssils  have  be.  n  n]itflined.  An 
account  of  thesp  fossils  will  be  given  in  tiie  l^ala  ontological 
sub-division.  'J  n  ii  discovery  is  of  the  highest  interest,  as  they 
clejirly  prove  thai  the  Lower  Lias  extended  from  the  north  of 
Ireland  at  least  as  far  as  the  present  bnsin  of  the  Clyde. 
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ISLB  OF  SkTI. 

As  it  was  necessary  to  cumplete  tbe  mapjjiiijg  of  the  Jurassic  Mr.  Wedd. 
formatioDS  of  Skyo  with  a  view  to  the  publication  of  one  of  the 
Sheets  of  the  map,  and  as  Mr.  Woodward's  admimstratiTe  duties 
preyented  him  nom  continuing  his  former  survey  there,  Mr. 
Wedd  took  up  the  work  where  Mr.  Woodward  had  left  it 
Stationing  himselt  on  the  west  side  of  the  Jurassic  district,  he 
founrl  immediately  below  the  Tertiary  basalts  on  the  west 
side  of  Lo(;h  Slapm  a  series  of  (Lirk,  sandy,  micaceous  shales 
and  shaly  sandstones,  with  many  hollow  rasts  of  Belemnites,  and 
Ammonites,  and  Pecten  Jihrmws.  The  presence  of  Ammonites, 
which  appear  to  be  ^.  eordoAuB,  shows  these  beds  probably  to 
belong  to  a  horizon  not  lower  than  Upper  Oxfordian.  They  are 
undenaia  by  a  well-marls r  l  horizon  of  blue  sandy  hmestones 
and  calcareous  grits,  with  thin  shales  and  a  bed  of  small  oysters 
(Ostrea  hehridica  ?),  apparently  of  estuarine  ori^n,  and  Vvlnniring 
to  the  Great  Oolite  or  Loch  Staffin  series.  These  pass  clown  into 
shales  full  of  crnsbed  lameilibranchs  {(■yrevn  ?),  overlying  a 
white  saccharuid  sandstone,  30 — 40  feet  thick,  apparently  of 
freshwater  or  estuarine  origm  (Inferior  Oolite  ?).  This  passes 
down  into  marine  shales  with  indeterminable  ammonites,  and 
below  these  shales  comes  a  thick  series  of  white  sandstones 
and  grey  calcareous  grits,  with  marine  fossils  {Tercbratula 
sp.,  Rhyi>r}>nr,pU<i  tetrakedra  f),  forming  the  clii&  on  the  west 
side  of  Loch  Slapin. 

A\^ien  traced  northwards  to  lliuhciidui'  Loch  Slapin,  the  upper 
part  of  the  Jura^isic  formations  is  seen  to  bo  much  metamor- 
phosed in  the  neighbourhood  of  the  Tertiary  granite  of  the  Red- 
Hills.  The  oyster-bed  can  be  recognised  as  a  ^ney  mottled 
marble,  and  the  black  shales  are  seen  for  some  distlmco  to  be 
baked  into  a  substance  resembling  white  porcelain.  On  the  east 
side  of  Loch  Slapin,  at  its  head,  hardened  sandy  shales  are 
faulted  in  arfainst  the  Durness  limestone.  These  have  all  the 
apjKiarance  of  Pal)ba  shales,  hut  no  determin;il)lc  los.sils  have  vet 
been  found  in  them.  On  the  east  side  of  Loch  Slapin,  further 
south,  the  BuckUmdi-zouQ  of  the  Lower  Lias  is  seen  to  overlap 
the  Bumess  limestone.  In  Strath  the  subdivisions  of  the  Lower 
lias,  suggested  by  Ms.  Woodward  for  the  Broadford  di.strict, 
hold  good  for  some  distance  westward.  The  base  of  the  Lias  is 
here  marked  by  a  series  of  whitish  pebbly  grits ;  a  few  feet 
should  apparently  be  assi^jr^t d  to  the  Rha  tie  «rronp,  but  tliere  is 
no  deiinite  plane  ol  demarcation  from  the  Trias.  Lower,  peljbly 
Triassic  sandst/vneK,  with  a  bed  of  red  and  frreen  marls  near  the 
top,  he  unconformablv  on  Torridon  Sandstone  or  on  Durness 
Limestone ;  but  the  Irias  and  the  lowest  strata  of  the  Lias  dis^ 
a^^^u^in  turn  westwards  owing  to  the  overlap  of  higher  stages 
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Wiltshire  and  Dorset. 

Mr.  Gtoment  The  detailed  mapping  of  the  Vale  of  Wardour  by  Mr.  Clement 
Reid  has  clearly  proved  the  conformity  of  the  Wealden  to  the 
Purbock  strata.  Tt  has  also  shown  that  a  nearly  steady  east- 
ward dip  affects  tlieso  rocks,  and  that  they  were  denuder]  nnd 
truncated  before  the  .so-called  Lower  Greensand  was  deposited 
on  their  upturned  edges.  The  only  representative  of  the  Lower 
GreensRm  that  can  be  found  here  seema  to  he  aome  20  or  30 
^t  of  ooarse  glancomtic  sands,  more  or  less  loamj^  and  con* 
tainlng  nodules  of  cherty  sandstone.  These  sands  appear  to  lie 
perfecUy  conn^rmably  to  the  Gault  above,  tho^h  separated  from 
It  by  a  bed  of  pebbles.  At  their  base,  there  is  nsiially  a  similar 
bed  of  pebbles,  which  rests  unconforrnably  on  various  strata  of 
older  date.  No  clear  evidence  for  any  other  Lovver  Greensand 
has  yet  been  found  in  the  Vale,  and  as  corresponding  strata  a 
few  miles  to  the  south-west  have  been  shown  by  Mr.  R.  B.  Newton 
to  yield  the  &una  of  the  zone  of  AmmoniUa  marnvmiUaiuB,  it 
seems  probable  that  the  deposits  in  the  Vale  of  Wardour  also 
represent  this  highest  division  alone  of  the  Lower  Greensand. 
Sections  of  these  strata  are  hero  rare,  and  the  only  fossils  that 
could  be  found  were  sponge-spiculcs  and  moulds  of  Pecten 
arbicularis  and  P.  b-costatus,  all  contained  in  loose  blocks  of 
cherty  sandstoue,  which  are  so  like  certain  parts  of  the  Upper 
Greensand  that  one  cannot  bo  perfectly  sure  that  surf^ice 
specimens  are  of  older  date. 

Dr.  a.  W.  Rowe's  work  on  the  variation  of  the  Micrasters  has 
proved  usefiil  in  this  district,  which  yields  sub-zonal  forms  like 
those  obtained  on  the  coast.  By  means  of  these  fossils  it  is  now 
possible  accurately  to  trace  the  lower  V)oimdary  ot  the  Upper 
Chalk  in  regions  where  the  Chalk  Kock  cannot  1m-  found,  or  in 
which  there  occur  two  or  three  beds  of  Chalk  llock. 

In  view  of  the  growing  urgeucv'  of  the  (question  of  water- 
supply  throughout  the  ^uth  of  J^Wland,  it  is  most  important 
to  ascertain  accurately  the  limits  and  thidEuesaes  of  the  different 
divisions  of  the  Chalk,  which  is  one  of  our  princip^  wat«r-bear- 
in^  formations.  Shght  undulations,  such  as  were  overlooked  in 
this  honioL'vneous  rock  before  the  <li visions  were  mapped,  are 
now  kn<j\vn  to  form  underground  wator-ptirtiiigs,  hy  raising  the 
hidden  inipci  vious  beds  below  ;  these  shed  the  water  in  opposite 
directions,  and  isolate  catchment  areas  foriuerly  tliought  to  be 
continuous.  A  thcfrough  knowledge  of  the  limits  of  these  catch- 
ment areas  is  a  necessary  prelinunary  to  the  allotment  of  the 
different  basins  to  different  towns  or  districts.  It  should  be 
borne  in  mind  that  where  the  sur&ce  rocks  are  porous  the 
numbers  and  limits  of  these  basins  do  not  correspond  at  all 
closely  with  the  supposed  "  catchment  areas "  or  river  basins 
mapped  out  in  the  ordinary  way  by  surface  contours. 
Mr.  Di»m»  In  the  Upper  Cretaceous  area  around  Maiden  Newton  (Sheet 
827),  Mr.  Dixon  notes  the  sharp  hthological  and  pakeontological 
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division  between  the  Lower  Chalk  and  the  TTpper  GreensandMr.  l  ixon, 
the  lowest  part  of  the  Chalk  being  glauconitic,  sandy  marl, 
usually  crowded  with  phospbatio  fossils,  especially  Cephalopoda 
of  Lower  Chalk  age ;  whereas  the  uppermost  pait  of  tne  Green- 
sand  is  a  hard,  coarse,  calcareous  ancTglaiiconitic  grit,  containing 
PteUnaapw  and  other  Upper  Greensand  fossila 

SrssEX, 

The  area  surveyed  in  tiiis  county  last  year  by  Mii.  Lampluoh,  Mr.  Lamp- 
measuring  41 1  square  miles,  completes  the  survey  of  Sheet  817 
of  the  New  Series  Ono-inch  Map,  and  as  the  restdts  obtained  win 
be  published  shortly  in  the  Memoir  on  that  Sheet,  only  a  brief 
ouuine  of  them  need  be  ^yen  here.  The  ground  lies  mainly 
to  the  east  of  the  Arim  River,  and  consists,  in  its  southern 
portion,  of  the  Upper  Grceiisaml,  Gault,  and  the  various  sub- 
divisions of  the  Lower  GrecnsaTid  doscril^ed  in  the  Summary 
of  Progreaa  for  1899,  and  in  its  northern  portion,  of  the  Weald 
Clay.  It  includes  the  western  part  of  the  "Greenhurst 
anticline,"  where  a  narrow  toiufue  of  Weald  Clay  is  brought  up 
by  a  sharp  fold  in  the  Lower  (Seensand. 

The  Lower  Greensand  and  overlying  divisions  showed  little 
alteration  from  the  characters  already  (Ascribed,  and  will  not  be 
further  discussed. 

Tlie  Weald  Clay  was  examined  over  a  triangidar  tract  with  a 
base  four  miles  in  kngLii  at  the  eastern  edge  of  the  ground,  and 
its  apex  in  the  west>  near  Petworth.  Where  broadest,  probably 
about  half  the  total  thickness  of  the  Weald  Clay  was  represented 
in  this  tract.  It  included  a  considerable  portion  of  the  area 
mapped  and  described  with  remarkable  accuracy  by  Mr.  P.  I. 
Martin  so  lonp^  ago  as  1828.  The  bands  of  sand  and  of  Sussex 
Marble  by  which  this  observer  divided  the  Weald  Clay  into 
belts  were  traced  out  wherever  possible,  and  although  found  not 
to  bo  quite  so  regular  and  continuous  as  he  supposed,  their 
general  succession  was  in  fiill  agreement  with  his  descriptions. 
The  details  of  these  bands  and  their  local  distribution  will  be 
given  in  the  forthcoming  Memoir.  The  occurrence  of  the 
sandy  horizons  has  much  economic  ronscquence,  as  they  arc  the 
main  sonrro  of  water  supply  in  the  Weald  Clay  tract;  and  more- 
over by  their  admixture  with  the  clay  where  near  the  surface, 
they  change  the  character  of  the  soil  from  an  untractablc  clay- 
land,  which  under  present  conditions  will  not  pay  for  culti- 
vation, to  a  more  readily  arable  loam.  Beds  of  this  character 
underlie  the  major  portion  of  the  arable  land  in  this  part  of  the 
Weald,  while  tne  unmodified  clay-bolts  lie  for  the  most  part 
under  'j-rn'^s  or  woodland.  The  beds  of  sand,  thouirh  tnns 
materially  atieeting  the  land,  are  usually  too  thin  or  too  much 
interstratitied  with  clay  to  make  a  really  "  Ught"  soil,  especially 
as  the  clays  tend  everywhere  to  "  creep  "  and  become  mixed  with 
the  sands  along  the  outcrop. 

The  water-sup|)Iy  from  wells  in  the  sands  is  often  tainted  with 
mineral  matter  in  solution,  and  is  usually  only  sufficient  in 
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Mr.  Luip--  quantity  for  household  supply,  hut  is  important  in  a  district 
wboro  no  other  safe  source  is  availal)lo. 

Thti  sauds  and  limestone  bands  gen  orally  form  gen  lie  features 
along  their  outcrop,  but  owing  to  their  sl^ht  thickness  and  the 
above-mentioned  "  creep "  of  the  clays  on  the  slopes,  it  is  lare 
that  the  beds  are  visible  in  these  features,  the  exposures  being 
usually  fi>und  in  gutters  and  ponds,  on  the  lower  part  of  the 
long  gentle  dip-slope  under  a  thickness  of  2  or  3  feet  or  more 
of  clay. 

There  is  f  v(  ry  trradation  between  sand  and  elay,  the  silty  inter- 
mediate beds  [)uing  often  finely  laminated.  J'rom  the  spoil- 
heap  of  a  now  well,  sunk  tu  a  depth  of  40  feet  in  beds  of  this 
description  at  a  cottage  opposite  to  Marringdcan  Farm,  south  of 
Billin^hurst  Station,  a  lew  well-preservea  plant-remains  were 
obttuned.  These  were  submitted  to  Mr.  A.  C.  Seward,  F.R.S.,  who 
kindly  undertook  their  deteimination  and  recognised  the  following 
species 

Weichsrh'a  MnvfrJI't.  "Rrongri. 
Onychirppsis  }f<i  v  fclli,  Brongn. 
Brftfhyphyllum  Bp. 

The  flora  of  the  Weald  Clay,  as  distinguished  from  that  of 

the  Hastings  Beds,  is  imperfectly  known,  so  that  the  oocunrenco 
of  those  plants  is  of  some  interest,  though  they  beionLT  to  widely 
distributed  Wealden  forms.  Th<>  liorizon  at  wViieh  they  occur  is 
about  midway  in  the  Weuld  Clay  of  this  part  of  Sussex. 

A&wrfiM  OZa^. — Comment  was  made  in  last  Sumrnary  of 
Progreaa  on  the  difficulty  in  obtaining  definite  evidence 
respecting  the  Atherfield  Clay  in  Sussex.  During  the  present 
year,  however,  indications  of  the  ])iescnce  of  this  clay  were 
lound  at  several  points,  the  clearest  Ix  ing  in  a  road-cutting  near 
WarminL'"hnrst,  at  the  eastern  margin  of  the  ground  snrvoyed, 
where  the  sandy  Hytbe  Beds  arc  seen  to  pass  do^vn  int  >  greyish 
brown  and  chocolate-brown  clay,  with  small  phosphatic  con- 
cretions containing  casts  of  marine  shells.  Tiiis  cW,  which 
was  apparently  not  more  and  might  be  less  than  20  roet  thick, 
rested  directly  and  sharply  upon  dark  blue  shalv  clay,  evidently 
the  topmost  bed  of  the  Weald  Clay.  This  confirmation  of  the 
correctness  of  the  old  map  in  regard  to  the  presence  of  the 
Atherfield  Clay  in  Snssex  is  the  more  sntisfactory  since  the  new 
railway-cutting  at  Kcdhill,  on  the  opposite  side  of  the  Weald, 
showed  the  unexpected  absence  of  the  divisioa 

Surrey. 

In  regard  to  the  Redhill  section,  just  referred  to,  it  may  be 
stated  that  during  last  summer  the  railway-cutting  between 
Redhill  and  Earlswood,  on  the  London,  Brighton,  and  South 
Coast  Railway,  was  widened,  and  that  as  this  cutting  exposes 
the  junction  of  the  Lower  Greensand  with  the  W^d  Clay, 
which  is  so  rarely  visible,  the  opportunity  was  taken  for  studying 
the  section  during  the  progress  of  the  work.  The  results  arc  of 
considerable  interest,  especially  in  showing  the  unexpected 
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absence  of  the  Atherfield  Claj,  this  deposit  having  hitherto  Mr.  Um^ 

been  supposed  to  be  continuous  all  nround  the  Weala,  as  indi- 
catod  on  the  publislied  geoloi^ical  map.  The  wrtion  exposed 
on  the  eastern  side  oi  the  cutting,  and  now  again  conceaiecC  was 
as  follows : — 

HytheBedt  '.—  It  ia. 

Ashy  grey  and  yellow  loamy  aand  with  large  ferni^inoua 
concretions  towards  base  -  containing  many  casts  of 
aheUs  in  the  lower  part  ana  in  the  concretions,  including 
Exfxjvvfi,  Ttrrhy^hila,  Lvcina,  FkcdodomyOy  Pecten^ 
and  i'lnna^  seen  about  -      •      -      •      -      -      -12  0 

fMting  ahaiply  op— 

Wtadd  Clay 

Dark  shrily  line  rlay  much  br  Ann  up,  and  partly  mixed 

with  ioam  which  has  apparently  nlled  borings  in  the 

cUt  04 

Dark  bine  day  more  or  less  interlaminated  and  interbedded 

witli  grAonish-grf^y  and  whiti'^h  ^ilt,  much  craill{lled  and 

broken  in  places  in  the  upper  part        -      -      •      •     4  d 
BMmn  indnralMl  day  with  laminte  of  pale  ailt ;  oontaioiiig 

•many  Cvpridi,  and  frajrments  of  fisliea  -      -      -      -     0  8 
Laminated  blue  amd  black  clay  and  pale  silt ;  the  thicker 

nlt^  beds  niich  broken  -^SO 

Brown  indurated  day,  with  dielle  at  base^  induding  Cyrrao, 

Vxcarya,  and  Ostrm       -       -  OS 

Lauiinated  I'lue  clay  and  pale  silL,  witli  a  band  of  hmail 

pyritous  nodules    -  -      -      -      *      -  -87 

DarK  clay  streaked  with  white  silt,  with  a  2  in.  brown  band 

crowded  with  cyprids  and  fish-remains  -     -      -      -    4  6 
Clay->inniatone  bana,inth  C3rprid8,  ^h-ecales,  etc  (mudi 

broken  towards  outcrop)  -     0  8 

Dark  sbaly  day  with  greenish-grey  ailt  in  laminie  and  in  thin 

beds  96 

CIay>inmstone  band  full  of  Cytvna,  cyprids,  and  fish- 
remains,  also  containin  '  Ftcarya,  Caraiia  ?  -      -  -OS 
Dark  thaly  blue  clay  coutaiuing  shells  as  above,  also  a  small 

oyster    10 

Blue  clay  streaked  anil  i lit rrbeddcd  with  pale  silt  -  -  7  9 
Dark  clay  streaked  with  silt,  containing  shells  {Unio !) at  baae  2  6 
Clay  ironstone  l>aud  with  cyprids,  fish-remains,  and  ahella— 

Cyrena  and  Paludina  02 

Dark  blue  day  atieaked  with  pale  ailt,  low»ar  beds  not  seen  *    S  6 

Thickneaa  of  Weald  Clay  examined       -     >     •  36  8 

There  was  no  sippi  of  weathering,  erosion,  or  luu  oiifoi-inability 
at  the  top  of  the  Weald  Clay  in  this  seoUon,  except  that  it 
appeared  to  have  been  penetrated  for  a  few  inches  by  the  burrows 
of  marine  organisms.  The  superficial  crumpling  and  breakii^  up 
of  the  bedding  which  prevailed  for  some  feet  below  the  junction 
was  probably  due  to  sught  differential  creep  or  drag  between  the 
clay  and  the  ovorlying  mass  of  sands  during  consolidation  :  it  is 
a  feature  commonly  to  be  observed  under  like  circumstances  in 
the  softer  Se<^f>ii<l;iry  formations.  The  Weald  (Jlay  of  this  sect  ion 
borea  remarkaljly  close  resemblance  lithologically  to  the  Wealdeii 
shales  occupying  a  similar  position  at  the  top  of  the  Wealden 
series  in  the  Isle  of  Wight,  and  the  presence  of  braekish  water 
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Mr.  Lamp*    fomis  aiiion^  the  fossils  in  both  places  establishes  the  correlation. 

Ittgh.  As  similar  lorms  Imve  been  recorded  Iruiii  the  top  of  the  clay  at 

two  other  localities  in  the  Weald  *  one  lying  far  to  the  eastward, 
and  the  other  to  the  westward  of  Redhill»  it  is  prohable  that  the 
incoming  of  marine  conditions  is  foreshadowed  throughout  the 
whole  area  by  lossiliferous  bands  of  this  character,  although  the 
i unction  witn  the  base  of  the  oyerlying  marine  series  appears  to 
oe  evcr3'whcre  sharply  drawn. 

The  marine  fossils  mentioned  in  the  Weald  Memoir  (p.  113) 
as  having  been  obtained  from  the  Atherfield  Clay  in  a  railway- 
cutting  near  liedhill,  about  one-third  of  a  mile  to  tne  eastward  of 
that  aboTO-described,  appear,  on  VefereiAe  to  the  original 
account  g^ven  by  FmoN,  to  have  been  collected  from  con- 
cretion at  the  base  of  the  Hythe  Beds  similar  to  those  found  in 
the  recent  section,  and  cannot  therefore  bo  taken  as  proof  of  the 
presence  of  the  Atherfield  Ci&y  at  that  point 

IsLB  OF  Wight. 

The  Lower  Cretaceous  coast>sections  in  the  Isle  of  "^^ht  were 
examined  by  ICb.  Lampluoh  during  a  short  visit  at  the  end  of 
September  lor  the  purpose  of  comparing  them  with  the  rocks  of 
the  same  age  recently  surveyed  m  Sussex,  and  of  obtaining 
information  for  tlie  General  Memoir  on  the  Lf^vfr  rrr>tacGous 
formations  of  England.  The  material  colleeted  during  this  visit 
has  not  yet  been  through  the  hands  of  the  paleontologists,  so 
that  the  wider  results  of  the  investigation  cannot  at  present  be 
giyen,  but  opportunity  is  taken  to  place  on  record  a  few  facts 
which  add  to  our  knowledge  of  the  subject. 

1.  Fossils  were  found  in  the  Carstone,  in  the  form  of  casts  in 
small  phosphatised  concretions,  wherever  this  division  was 
accessible,  viz.,  at  Redcliff,  near  Sandown ;  at  Bonchurch  Cliff;  on 
the  slopes  south-east  of  I^lackgang  (the  best  collecting  ground); 
and  at  Oompton  Bay.  The  majority  of  these  fossils  are  probably 
species  already  included  in  the  scanty  published  list  from  tin's 
division,  but  some  are  new  to  it.  They  include  some  imperfect 
AmmtmiieB,  perhaps  not  determinate  but  certainly  not 
Ammonites  nuimmiUcUus, 

2.  The  Sand-rock  series  in  the  slopes  south-east  of  Blackgang 
yielded  casts  of  marine  bivalves  and  plant-remains  in  a  l)and  of 
ferrugmous  concretions  10  feet  below  the  base  of  the  Carstone. 
►Shells  do  not  appear  to  have  been  previously  recorded  from  this 
division. 

3.  In  the  Ferruguious  Sands  of  Little  Stairs  Point,  south  of 
Sandown,  there  occurred  a  transported  slab  of  Kimeridge 
shale,  measuring  8  in.  x  6  ia  x  ^  in.,  much  bored  by  pholades, 
which  is  of  interest  in  showing  that  erosion  of  the  Upper 
Jurassic  rocks  was  in  progress  at  no  great  distance  during  the 
deposition  of  these  sands.  The  slab  was  also  interesting  in  that 
it  contained,  along  with  other  fossils,  numerous  specimens  of  a 


♦  See  Survey  Memoir,  "Geology  of  the  Weald," pp.  98-99. 
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small  delicately-sculptured  organism  at  present  uiidetermined,  Mr.  Lamp- 
but  possibly  a  crustacean,  which  was  only  previously  known  to  '"8^ 
us  from  A  low  harizon  in  the  Eimeridge  clay  in  one  of  the 
recent  deep  borings  in  Kent. 

4  On  tne  beach  and  at  the  foot  of  the  cUff  a  little  to  the 
southward  of  Shankliu  Chine,  an  irregular  pebble-bed,  con- 
taining pebbles  np  to  4  inches  or  more  in  diameter,  was  ex- 
posed ni  the  Ferriij^inous  Sands,  which  does  not  appear  to  have 
been  previously  oDserved.  Tlie  largor  pebbles,  mostly  sub- 
an^plar  or  partly  rounded,  wore  composed  of  a  pale  green- 
stamed  sandy  rock,  partly  made  up  of  fragments  of  snells,  which 
may  represent  a  docom2^o8ed  sandy  limestone  or  chert,  possibly 
denved  from  the  Purbecks ;  other  pebbles  were  of  brown  sana- 
stone,  anr]  many  of  tlic  smaller  ones,  well-rounded,  up  to  an  inch 
and  a-half  in  diiimcter,  were  of  white  vein-quartz.  The  pebbly 
ban<l  was  a.ssociated  witli  tine  clay  and  silt  containing  largo  pieces 
of  lossil  wood.  This  is  the  coarsest  pebble-bed  known  in  the 
series  in  the  Island,  and  as  it  occurs  in  the  middle  of  a  sub- 
divlflion,  with  no  sign  of  erosion  or  unconformity  in  the  under- 
lying bed,  it  shows  how  little  confidence  can  be  placed  in  the 
mere  presence  of  such  a  bed,  as  evidence  for  a  oreak  in  the 
sequence. 

5.  As  regards  tlin  fToneral  correlation  of  tho  Lower  Greensand 
of  I  the  Wealden  dLstriot  with  that  of  the  Isle  of  Wight,  it  is 
clear  that  the  divisions  adopted  m  the  respective  areas,  on 
lithological  coasideration,  have  not  their  bounoaries  in  common, 
and,  therefore,  cannot  be  directly  compared.  Neither  are  the 
fosdls  sufficiently  numerous  or  distinctive  to  give  much  hope  for 
palisontological  classitication,  since  the  bivalves  which  constitute 
the  principal  element  in  the  fauna  are  mostly  of  ^  ide  range  in 
time,  though  apparently  rather  narrowly  localised  ni  t  lieir  mode  of 
oceurrenre.  or,  at  any  rate,  in  their  preservation.  The  Trigonias 
seem  to  offer  the  most  likely  prospect  of  service  m  this  direction, 
and  might  be  worth  further  study. 

The  following  seems  on  the  whole  to  be  the  most  probable 
relations^p  of  the  Lower  Gieensand  divisions  of  the  two 
districts: — 


Isle  of  Wight. 

West  StiMix. 

Ganlt 

Gault 

Carstone. 

Folkestone  Beds. 

Saod-Fock  Series. 

SsodgatoBeds. 

Ferruginous  Sanda. 

ELytbeBedL 

Atberfield  Clay. 

Atheifield  Clay. 

Wealdeu  Shales. 

Upper  part  of  Weald  Clay. 
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OXFORDSHIBB. 

Mr.  J.  H.       The  Lower  Groensand  has  heen  reBurvcyed  by  Mb.  J.  H. 
^^^^        Blakb  at  Nuneham  Park  and  around  Marsh  Balaon.   To  the 
east  of  the  latter  place  he  found  in  more  or  less  cherty  sandstone 

beds  some  m.irino  fossils,  of  which  the  following  haye  been 
identified  by  Mr.  E.  T.  Newton  : — 

AmmonUeivp,  Three  fragments,  mie  of  whichmay  be  J.  ^n^/yfeMmm, 

but  is  t  oo  ill)  I  perfect  for  identification. 

Pectin  orbicularis,  Sow.    Two  specimens, 
Cnrdiiim,  near  to  j)f'ri  'rrinononii,  d'Orb. 
Astmie  ]    STnaH  inflated  sliell  with  few  concentric  ribs. 
Ostrea  sp.    i  ivc  specimens,  may  be  several  species. 

"Althongh  the  specimens  can  scarcely  be  tak^n  to  prove  the  «trata 
to  be  of  Lower  Qreensaud  age,  yet  their  general  iaciea  pomLs  to  that 
ooBclnsioiL' — E.  T*  N. 

The  onh^  fossil.s  previously  recorded  from  the  sands,  pre- 
sumably Lower  Greensand,  in  this  district  were  AmTnonites 
Deahayesi  and  TerdmUula  sella,  which  were  found  in  the  road- 
cut  tirnj  at  TootBaldonby  Pbof.  (Sib  A.)  Rabisat,  Mr.  £Sthsbii)ox 
and  MR.  Hull,  during  a  tour  of  inspection  about  the  year  1860 
or  1861.  The  sands  in  many  parts  of  Ninioham  Park  are  of  a 
coarse  qiunt/ose  character.  A  recent  excavation  west  of  the 
Lodge  in  ihe  south-eastern  comer  of  the  Park,  .siiowed  4  feet  of 
chocolate-col(jured  coarse  quartzose  loose  sand  overlying  4  feet 
of  ferruginous  and  indurated  coarse  sand,  thinly  bedded,  locally 
known  as  roach,"  and  used  for  metalUne  paths. 

Modifications  have  been  made  in  the  boimdaries  of  the  Gftult 
in  the  neighbourhoood  of  Stadhampton,  Chislehampton,  and 
Drayton.  The  hill  to  tlie  north-\v<  st  of  Chislehampton  has 
been  proved  by  a  boring  (iO  feet  in  depth,  made  this  ycnr  near 
the  top  of  the  sloping  pound  opposite  Church  Farm,  to  consist 
of  blnish-f(rey  clay,  blackish  in  places.  It  is  apparently  Gault 
overly iiig  Kimeridge  Clay;  whereas,  it  is  shown  as  Lower 
Greensand  on  the  Geologieal  Surrey  Map,  Sheet  Id  (dd 
Series). 

At  Clare  Brick-works,  two  miles  N.E.  of  Cha]^;Toye,  a  new 

section  3  feet  in  d<  ))th  showed  light  blue-^ey  clay,  containing  a 
little  "race,"  a  ftnv  ferruginous  cnnerctions,  and  some  small 
phosphatic  nodules.  Mr.  Blak e  obtained  a  portion  of  ATnmon  iten 
(ScIUcBiibachia)  rostratits.  Sow.,  identified  by  Mr.£.  T.  Nkwton. 


Isle  op  Abran. 

Mr.  Pesoli  The  same  great  Yolcanic  Tent,  which  has  been  aheadj  referred 
and  Mr.  to  as  proving  the  former  extension  of  Rhtetic  and  loassic  strata 
into  the  basm  of  the  ilrth  of  Clyde,  has  likewise  yielded  large 
included  masses  of  wliite  limestone  and  chert,  ftom  which 
numerous  unmistakeable  Chalk  fossils  have  been  obtained 
These  are  further  referred  to  at  pp.  Ill  nnd  112.  They  aio 
alluded  to  here  for  their  importance  as  proofs  that  the  Upper 
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Cretficcous  rocks,  which  now  end  off  on  the  north  coast  ofMr.  Peaoh 
Antrim,  once  stretched  'vi^t  wards  at  least  as  far   as  Arran.  Mr. 
Indeed  there  seems  no  reason  \v]iv  tliese  later  Mesozoic  forma-       '  ' 
tions  should  not  have  spread  lar  over  the  south  of  Scotland. 
The  denudation  of  tbat  re^on  since  Tertiaiy  time,  as  proved  by 
tlie  numerous  wide  and  deep  valleys  out  across  the  younger 
dykeSy  has  been  so  enormous  as  to  have  removed  hundreds  of 
feet  of  material  from  the  surface  of  the  country. 


Tertiary. 

UAMPbuiEE  Basin. 

The  pa.st  season  having  seen  the  completion  of  the  re-mapping  Mr.  Oentikt 
of  the.  Hampshire  Basin,  this  may  be  a  convenient  point  atB«i^ 

which  to  summarise  the  leading  results  ohtained  by  the  new 
SiirvL  V  of  the  Tertiary  deposits  of  this  ret^nun.  Without  going 
into  minor  details,  wo  may  state  that  the  main  points  hrought 
out  aro:  The  striking  tendency  of  the  successive  divisions  to 
become  gravelly  and  to  overlap  lower  ones  towards  the  west  and 
80Uth-west,  as  thoiu;h  high  land  lay  in  that  direction.  This  is 
illustrated  by  Mb.  Reid's  observations  of  coarse  gravel  with 
much  FaliBozoic  material  at  the  base  of  the  Reading  Beds 
towards  their  south-west  limit,  where  also  tht  y  have  cut  deeply 
into  the  Clialk.  In  the  liagshot  Sands  also  tln-re  is  a  general 
increased  eoarseness  of  the  matt  rinl  towards  the  west;  and 
ultimately  where  the  Sands  overlap  the  Lower  Eocene  and  rest 
on  the  Gnalk  they  ohang|e  into  coarse  gravels,  like  those  of  the 
Reading  Beds,  but  containing  also  fragments  of  Jurassic  rocks, 
and  of  greywether  .sandstone.  A  slii^hier  overlap  seems  to  occur 
at  the  base  of  the  Bracklesham  Beds.  Finally,  during  the 
past  season,  Mk  Dixon*  has  shown  that  the  pebbly  base  of  the 
London  Clay  also  cuts  through  the  Beading  Beds,  and  rests  upon 
Chalk. 

The  Oligocene  strata  arc  preserved  over  so  limited  an  area 
that  no  overlap  of  them  nas  been  proved.  There  occurs 
however,  a  striking  change  towards  the  south-west,  in  which 
direction  tufaceous  limestones — entirely  absent  on  the  mainland, 
and  rare  and  thin  to  the  north  and  north-east,  become 
conspicuous  at  several  stages  in  the  Headon  Series  of  the  Isle 
of  Wight,  while  land-shells  and  angular  stones  are  more 
abundant  tlian  elsewhere.  It  looks  as  it  these  strata  withhi  two 
or  three  miles  might  have  been  found  to  abut  against  older 
deposits,  were  it  not  that  all  direct  evidence  has  been  destroyed 
by  denudation.  Another  point  brought  out  by  the  6-inch 
mapping  is  the  greater  sharpness  and  depth  of  the  east  and  west 
folds.  For  instance,  an  increased  thickness  and  a  large  addi- 
tional are:*  ^(  Hamstoad  Beds  has  been  j^rored  in  the  Isle  of 
Wight  synclmu,  the  Porlsdowu  anticline  has  l>eun  shown  to  ex- 
tend much  further  west  than  was  thought,  and  the  Chichester 
syuchne  has  been  traced  eastward  till  it  loses  itself  beneath  the 
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Mr.  ClemflQt  Though  the  mappinof  of  the  Hampshire  Basin  has  now  been 
M4.  completed,  it  is  probable  that  a  chain  of  outliers  ot  the  Bagshot 

liyer-graveU  will  ooxmect  the  Eocene  of  Dorset  with  that  of 
Bovey  Tracey  in  Devon — indeed,  seTeial  outliers  of  this  ^vel 
have  already  been  mapped.  The  amount  of  Eocene  material  in 
the  Clay-with-Flints  is  so  great  as  to  point  also  to  a  much  wider 
extension  of  tlio  I'oceno  strnt;i  in  every  direction  in  past  times. 
Mr.  Dixon.  In  the  Cranborne  districi  (vSheet  814)  ]\Ih.  Dixox  finds  tbat 
the  marine  bed  at  the  i»ase  of  llie  ]{( adinLT  Scries,  nientioncd  in 
the  last  Snminaru*  is  persistent  throughout  the  area  examined. 
New  fossiliferous  localities  have  been  found  in  the  London  Clay, 
the  fbsdls,  however,  being  chiefly  in  the  form  of  casts.  The 
detailed  mapping  of  the  London  Clay  has  brought  out  the  fact 
that  in  places  where  the  basement-bed  contains  much  shingle 
it  passes  across  the  basset  edges  of  the  Beading  Beds  on  to  we 
Chalk. 

In  the  Maiden  Newton  district  (Sliet  t  327)  Mr.  Bixon  has 
mapped  another  Eocene  outlier,  probaljly  of  Bagshot  age.  It 
contains  flints  of  every  degree  of  angularity,  as  well  as  much 
PaUeozoic  material,  and  subangular  fragments  of  silicified 
CyreTHi-limestono,  probably  derived  from  Turbeck  strata.  As 
the  horizon  of  the  Chalk  on  which  this  deposit  rests  is  only 
about  280  feet  above  the  Chalk  Rock,  it  is  evident  that  the 
overlap  of  the  B^shot  Beds,  mentioned  in  previous  Svmmaries, 
becomes  more  pronounced  as  the  mapping  is  extended  westward. 


Oxfordshire  and  Buckinghamshire. 

Mr.  BlakA.  The  outliers  of  Reading  Beds  at  Russellswater  Common, 
Turville  Heath,  Summer  Heath,  and  Southend  Common, 
Ibstone  nnd  Lake  End,  all  north  of  Henley-on-Thames,  have 
been  rc-mapped  by  Mr.  Blake.  The  Jirst  tliri'e  outliers,  which 
in  many  places  are  covered  In'  a  thin  deposit  of  loam  and  Hint- 
pobbles,  apparently  derived  from  the  loe^tl  Tertiary  Beds,  coubi^L 
entirely  oiKeading  Beds,  of  little  thickness;  whereas  the  Lane 
End  outlier  ^including  Moorend  Common)  includes  five  outliers 
of  London  Clay  above  the  Beading  Beds.  Moorend  Common  is 
apparently  enclosed  by  four  faults  as  shown  on  the  original 
Geolorrieal  Survey  Map  (Sheet  l.S).  At  the  brickyard  S.-E.  of 
Muzwell  Fann,  a  clean-cut  sectioTt  sliowed  the  stmt i tied  "vvliite 
and  butl'  sands  of  the  ReadiiiLT  l>t'ds  dipping  in  a  south-westerly 
direction  towards  the  fault  ou  the  eastern  side  of  the  Common ; 
while  on  the  roadsides  south-west  of  the  Common,  the  Reading 
Beds  dip  in  a  north-easterly  direction  towards  the  &ult  on  the 
western  side  of  the  Common.  Conseg[uently,  it  would  appear 
that  there  must  be  a  considerable  fold  m  the  Chalk,  which  may 
have  contributed  to  the  faultinij:  of  this  area. 

There  arr  I  nilts  also  at  C'aduiore-End  Common,  which  have 
not  been  previously  notieed.    One  in  the  northern  part  runs  in 


♦  Smmuiiy  o/  Frogi-esii  ior  1899,  p.  139. 
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an  easterly  direction,  liaving  a  downthrow  of  the  Reading  Beds  llr.  BUk«> 
to   the   north,  with  the  Chalk  at  the  snrfac*'  to  the  sonth  ; 
another  trends  in  a  south-westerly  direction,  with  a  downthrow 
of  the  Readi^  Beds  to  the  west. 

At  Bolter-&d»  north-westward  of  the  four  crossways  and  south 
of  Cadmore-End  Common,  an  oval-shaped  hill,  which  measures 
12  chains  in  length  by  7  chains  in  width,  is  entirely  eomposed  of 
flint-pebhles.  in  a  gravel- pit  on  the  eastern  part  of  this  hill  a 
vertical  .section,  from  9  ff»  12  feet  thick,  has  h^<m  laid  open, 
without  exposing  the  bottom  of  the  deposit  It  j>rr M  nts  a  mass 
of  closely  compacted  pebbles,  which  me.  lii.AKK  believes  to  bo 
a  pebble- bed  ol  J'ertiary  age  in  situ,  an  opinion  shared  by  Mu. 
HT  B.  Woodward  when  he  inspected  the  sectioa  On  the 
8k>ping  ground  around,  sand  ana  sandy  loam,  several  feet  in 
thickness,  belonging  to  the  Beading  Beds  and  containing  much 
iron  sandstone,  was  seen  to  intervene  between  the  pebble-bed 
and  the  Chalk, 

At  the  brickyard  at  Kiln  ^Voo(l,  on  the  west  side  of  f^Khn ore- 
End  Common,  soetions  of  Heading,'  Beds  have  been  exposed, 
showing  mottled  clays  overlying  iVom  IfJ  to  18  feet  of  white 
sand,  in  which  latter  impersistent  bands  of  bluish-black  sand 
occurred,  varying  from  about  2  to  4  inches  in  thickness.  A 
sample  of  this  uark  material,  taken  by  Mb.  H.  B.  VVoodwabd, 
was  examined  chemically  by  Db.  W.  Follabd,  who  reports  as 
follows : — 

*'  The  specimen  treated  with  strong  hydrochloric  acid  leaves 
an  insoluble  residue  of  quartz  and  a  little  clavev  matter.  Tlio 
solution  contains  alumina,  iron,  mang-anese  (a.s  p<  roxide),  cobalt, 
and  nickel  Small  quantities  of  hme  and  Uiugncsia  are  also 
present" 

'the  ooounenoe  of  oobalt  and  nickel  in  the  Reading  Beds  has 
not  hitherto  been  recorded. 

Volcanic  Series  of  the  Isle  of  Abrah. 

Durii^  the  past  year  the  important  discovei^  by  MEssna  Mtnn. 
Peach,  Gunn,  and  ICicconochie  of  Mesozoic  fos^  among  the  ^ 
blocks  of  strata  entombed  within  a  large  volcanic  vent  in  the 
Isle  of  Arran  has  not  only  thro new  light  upon  the  former 

extension  of  Rhietic,  Liassic,  and  T'pper  Cretaceous  formations  over 
the  south  of  Scotland,  but  has  in  the  most  extraordinary  manner 
fiimished  evidence  as  to  the  geoloi^ical  amj  ot"  the  great  series  of 
younger  igneous  rocks  lor  wliich  this  island  has  been  so  long 
famous.  Maculloch  lon^  ago  showed  that  the  granite  of  xVrrau 
was  probably  later  than  the  surrounding  red  sandstone,  for  no 
fragments  of  it  were  to  be  found  in  these  strata.  The  pctro- 
graphical  resemblance  of  the  assemblago  of  Arran  rocks  to  those 
of  Antrim  and  the  Inner  Hebrides  subsequently  led  to  the  infer- 
ence that  they  not  improbably  belonged  tO"  the  mme  great 
Tertiary  volcanic  period*     By  the  discovery  of  masses  of 

•  Trarus.  (Jeol.  iSoc.  Edii^y  Vol  II.,  Part  iii.  (1873X 
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hardened  Upper  Clialk  in  the  great  volcanic  vent  of  this  island, 
PmmSmuiA  inferonro  has  now  Won  confirmed  in  tho  most  singular  and 

Goon,  unex})octcHl  way.  This  vent  broke  thrrniq'h  n  vorinL(  of  Mesozoic 
strata,  Avhich  iiicludi'd  a  sheet  of  lianl  chaik  like  that  of  Antrim. 
The  explosion  was  thus  certainly  later  than  the  Upper  Cretace- 
ous period,  and  may  conseauently  be  unhesitatingly  referred  to 
older  Tertiary  time.  The  nzing  of  the  of  this  yent  carries 
with  it  the  determination  of  the  age  of  all  the  associated  enipUve 
rooks.  There  can  now  be  no  room  to  doubt  that  the  gnmites, 
quartz-porphyries,  felspars,  pitchstonos,  diorites,  diabases,  and 
basalts  arc  .nil  a  cnnTiect(^  series  of  eruptive  masses,  coeval  with  the 
similar  assemblages  in  Antrim,  the  Inner  Hebrides,  and  St. 
Kilda. 

In  previous  Summariea  of  Progress  reference  has  more  than 
once  been  made  to  the  existence  of  a  geological  complex, 
which  has  been  mapped  by  Mr.  Gunn.  Lying  south  of 
the  road  leading  from  Brodick  to  Shiskine,  it  is  of  an 
oval  form,  about  3i  miles  in  length  by  3  in  breadth.  A 
portion  of  it  is  probably  the  most  intricate  piece  of  ground  in 
the  wluile  island.  It  is  bounded  on  the  north  by  the  Machrie 
Water  and  on  the  south  by  the  Clachan  (lien.  On  the  east 
side  it  extends  to  the  head  of  Glencloy,  and  it  includes  all  the 
highest  ^ound  in  the  island  south  of  the  high  granite  hills, 
there  bemg  three  summits  (A'Cruach,  Beinn  Bhrmc,  and  Ard 
Bheinn),  between  1,600  and  1,700  feet  above  the  sea,  arrai^ed 
in  a  semicircle  round  the  head  of  Glen  Craigag,  which  ^en 
nearly  divides  the  complex  into  two  cmial  parts. 

This  area  is  made  up  of  fragmental  material  interpenetrated 
in  all  directions,  and  much  altered,  by  intrusive  igneous  rocks 
of  various  kinds.  Much  of  the  fragmental  material  is  in 
character  very  like  that  composing  different  members  of  the  Uld 
Bed  Sandstone,  and  as  it  occurs  m  the  centre  of  an  area  occu- 
pied by  that  formation,  it  was  natural  to  snnpose  that  these 
altered  rocks  were  of  the  age  of  the  Old  Red  Sandstone.  It 
must  be  confessed  that  this  view  was  not  free  from  difficulties, 
for  in  many  places  it  was  ohs(Tved  that  most  of  the  included 
fragments  in  the  rock  were  of  iirneous  origin — e.g.,  quartz-felsites 
and  granites — which  do  not  oc(;ur  in  the  Old  Red  Sandstone  of 
other  parts  of  the  island.  Some  of  the  rock  was  also  seen  to 
resemble  volcanic  agglomerate.  Patches  of  marmorised  lime- 
stone had  also  been  noted  in  the  area,  as  well  as  some  masses  of 
shale,  and  of  white  or  light-coloured  sandstone,  unlike  anything 
observed  in  (be  Old  Ecd  Sandstone  of  other  parts  of  the  islana 
In  the  early  ])art  nf  the  year  fossils  of  Rhn^tic  age  were  obtained 
by  Mr,  Macconuchie  from  one  of  the  shale  patches,  but  the 
relation  of  this  shale  to  the  adjacent  fragmental  rocks  was  not 
easy  to  explain  till  Mr.  Peacu,  on  a  visit  of  inspection  to  the 
ground,  came  to  the  conclusion  that  the  main  rock  of  the 
complex  was  an  agglomerate  of  igneous  origin  filling  a  great  nedc 
or  volcanic  vent. 

The  fragmentary  material  can  be  traced  over  an  area  2  J  miles 
in  length,  by  2^  in  breadth,  and  it  may  have  once  extended 
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much  farther,  for  it  is  now  BUrrounded  by  an  almost  oontinuous  Mem*. 
riiU[  of  intrusive  igneous  rocks  chiefly  of  an  acid  character.         Peach  aad 

^rhe  general  character  of  the  fragmental  rock  differs  much  in 
various  places.  The  matrix  often  has  a  great  resemblance  to 
that  of  an  ordinarj'  siuidstone,  and  in  it  are  embedded  pebbles 
and  blocks  of  a  great  variety  of  igneous  rocks — those  of  an  acid 
character  generally  predominating.  Sometimes,  as  in  Creag 
Shocach,  east  of  Glenloie  House*  the  rock  is  a  red  sandstone 
which  might  easily  pass  ror  a  member  of  the  Old  Red  series. 
In  seveial  places  it  is  a  coarse  conglomerate  like  the 
characteristic  quartzite  conglomerate  of  the  Lower  Old  Red 
Sandstone.  But,  on  the  whole,  the  included  fratrmeuts  are  more 
or  less  angular,  so  that  the  rock  is  ratln  r  m  breccia  tluni  n  con- 
glomerate, though  in  only  a  few  places  dues  it  asbumo  ihe 
character  of  an  agglomerate,  entirely  made  up  of  igneous 
material  Fragments  of  bade  lavas  are  not  at  aU  common 
m  It. 

Several  large  pat<  lies  or  fragments  of  different  formations 
have  been  enclosed  in  the  vent*  some  of  which,  as  above 
stated,  have  been  identified  by  their  fossil  contents  as  being 
of  H luetic,  Lia.«;.  and  Cretacemis  ages.  The  largest  of  these, 
which  is  of  uu  irregular  shape  and  several  acres  in 
extent,  contains  not  only  beds  oi  Rhoitic  age,  but  grey  and 
red  marls  of  the  age  of  the  Lias.^  This  occurs  in  Allt-an-Dris 
near  Derenenach»  and  was  described  with  its  fossil  contents 
in  last  year's  Swmma/ry  of  Progreaa, 

Rather  more  than  a  mile  to  the  south-east  of  this  locaUty 
another  shale  pat(  h  occurs  near  the  head  of  Ballymichael  Glen,  and 
about  half  a  mile  due  south  to  the  top  of  Ard  Bheinn.  The 
exposure  in  a  dry  gully  on  the  north-west  side  oi  the  stream  is 
not  large,  but  the  rock  may  extend  for  a  length  of  100  yards, 
Mr.  1*each  was  the  first  to  obtain  organic  remains  from  this 
shale,  and  from  their  general  character  ne  pronounced  the  rock 
to  be  Lias.  The  fossils  first  obtained  were  not  well  [u  (.served, 
but  Mr.  Macconochie  has  since  collected  a  numerous  suite  of 
undoubted  Liassic  specimens  in  better  preservation,  which  Mr. 
Newtox  has  idcntifi^^d.  Another  patch  of  shale  inte  nsely  altered 
and  now  of  a  blue  ouluur,  is  found  about  three-  tpiartcrs  of  a 
mile  south  of  Gleuloig  House,  but  no  fossils  could  be  obtained 
from  it. 

About  200  yards  south  of  the  Lias  shale  in  Ballymichael  Glen, 
and  dose  to  the  stream,  blocks  of  a  cherty  or  siliceous  white 
limestone  occur  in  the  conglomerate,  and  some  may  be  observed 
Wing  in  the  bed  of  the  stream.  These  blocks  liavo  yielded 
foraminifera  of  Upper  Cretaceous  age.  A  similar  limestone  is 
found  in  a  cave  rather  more  than  half  a  iiiile  to  the  noith-ea.st  of 
Derenenach,  some  of  it  much  altered  by  eoutact  with  ignrous 
rock,  being  now  a  white  marble.  It  coutaius  irregular 
siliceous  lumps  (chert  or  flint)  like  those  wluch  occur  in  the 
blocks  at  BaUjnnichael  Glen.  Another  place  in  which  white 
limestone  occurs  is  situated  about  550  yards  south  of  (Jlenloi^, 
and  here  the  limestone  was  formerly  worked,  though  little  la 
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Mossrs.        now  to  be  seen.    The  rock  is  free  from  siliceous  material,  but  it 
Pe«0h  ud    is  mueli  altered,  and  it  has  furnished  no  organic  remains.  In  the 
™'        neighbourhood  of  the  Derencnach  cave  several  small  swallow 
holes  prove  the  existence  of  other  patches  of  limestone  which 

cannot  he  seen  at  the  surface. 

In  addition  to  these  patches  of  Hmrstono  and  shale  some  larp^e 
and  small  jMrcts  of  a  light-coloured  siindstone  have  been 
noticed,  perhaps  of  Jurassic  age,  but  none  of  them  have  yielded 
any  fossils.  '1  ho  lar^t  of  these  masses  occurs  aljout  (350  yards 
north-west  of  Beinn^hreac,  and  is  300  yards  in  length.  Some 
smaller  patches  are  found  100  yards  soutn-west  of  the  Derenen* 
ach  cave,  and  200  yards  south  of  the  same  cave  lies  a  lame  mass 
of  a  similar  sandstone,  the  boundary  of  which  is  not  well  defined, 
but  it  is  prohahlv  50  or  (10  yards  m  diameter.  Another  occurs 
to  the  south  of  the  RhitiLic  Beds.  These?  fragments  of  Secondary'" 
formations  (which  once  covered  at  least  the  southern  part  of  the 
island  of  Arran)  have  fallen  from  above  into  the  vent  of  a  large 
volcano,  which  was  active  at  some  time  later  than  that  of  the 
Upper  Chalk 

The  Newer  Red  rocks,  which  cover  so  laree  a  portion  of  the 
island,  are  now  shown  to  immediately  underlie  the  Rhsetic  BedSi 

and  must,  therefore,  belong  to  the  Trias.  In  the  southern 
part  of  tht,'  i^];Hi'l  (tlic  gcolo<:ry  of  which  has  been  published  as 
Sheet  13),  they  were  elas.sed  ])rovi,sionHlly  as  Permian  because 
the  lowest  member — a  false-bedded  red  sandstone — is  similar 
in  cliaracter  to  the  Ballochmyle  red  sandstone  near  Mauchline, 
in  Ayrshire,  which  had  been  considered  as  of  Permian  age. 


Volcanic  Series  op  the  Isle  of  Skye. 

Mr.  Harker.  Information  gathered  by  Mr.  IIarkkr  durini^  the  survey  of  the 
western  part  of  the  Cuillin  Hills,  as  regards  the  highly  complex 
relations  ot  the  Tertiary  igiiet)us  rocks  of  Skye.  has  necessitated 
some  revision  of  certain  parts  of  the  area  mapped  by  him  in 
former  years.  This  has  been  carried  out,  with  the  result  that 
78}  miles  of  new  houndary-lines  have  been  added  to  the  map. 
The  chief  alterations  called  for  were  the  separation  of  the 
intrusive  sills  from  the  basaltic  lavas  on  the  Strathaird  plateau, 
and  the  delineation  of  the  boundary  hetwecn  the  gahbro  on  the 
northern  fringe  of  the  Cuillins  and  the  highly  metamorphosed 
and  entangled  basalts. 

The  remaining  portions  of  the  CuilUn  range  itself  and  the 
neighbouring  basaltic  tract  to  the  west  have  been  completed.  In 
the  former,  the  chief  interest  relates  to  the  rocks  of  the  peridotite 

froup  enveloped  in  the  gahbro  of  the  sont It  western  OuiUins. 
hese  rocks  have  been  mentioned  incidentallv  inaformer  Beport. 
They  have  now  been  examined  in  detail  ancf  found  to  have  con- 
sidcrnblc  importance  and  inter>  sr  The  principal  mass  is  a  very 
irrcL^ular  laeeolile  wlii(^h  form.^  the  western  })eak  of  the  SgiuT 
Dubli  ridge,  and  extends  eastward  down  An  Garbh-choire  and 
northward  into  the  lower  oart  of  Coireachan  Ruadha.  It  is  not 
only  enyeloped  in  the  gabbro,  hut  tiaTersed  by  countless  dykes 


and  veins  of  that  rock.  Indeed,  the  north  e:t stern  W)r<ler  of  the  Mr  H«riM% 
mass,  about  Allt  a'  Cbaoich,  is  of  a  character  which  defies 
mapping,  showing  a  grathial  transition  from  pendotitc  traversed 
by  a  network  of  gabbro  veins  to  eabbro  enclosing  detached 
blocks  of  peridotite.  The  latter  are  found  in  gradualfy  dimmiBh- 
ing  numbers  as  fiur  as  the  shores  of  Loch  Ck>nu8k  and  Loch 
SoaTaig. 

The  rocks  themselves,  which  we  group  as  peridotites,  axe  in 

largo  part  picritcs,  but  tliere  are  also  abundant  types  richer  in 
olivine,  inehidini,'  pure  dunite.  Norite  occurs  lociilly,  and  a 
troctolite,  rich  in  olivine,  is  often  associated  with  the  tjpical 
ultra-basic  rocks.  Two  striking  features,  both  indicative  of 
heterogeneity,  characterise  the  rocks  as  seen  in  the  field.  One 
ia  the  extraordinary  prevalence  of  d^yris  of  one  type  of  rock 
enclosed  in  a  matrix  of  another  type ;  the  other  is  toe  banded 
stnictuie  which  affects  in  greater  or  less  degree  almost  the  whole 
of  the  group,  alternating  bands  differing  considerably  in  petro- 
graphical  type.  One  pnase  of  this  is  the  oc<3urrence  in  the 
duoite  of  thm  seams  oomjvosed  wholly  of  pieotite. 

These  phitoiii*;  ])eridotites  clearly  bclonir  to  the  oldest  intru- 
sions  of  the  Cuillins.  There  are  other  ultra-basic  rocks,  in  the 
form  of  dykes,  which  belong  to  the  youngc^st,  since  they  are 
found  to  cut  every  other  rock  which  they  encounter. 

Another  place  where  Tertiary  igneous  rocks  havi  1 .  en  mapped 
during  the  past  season  is  the  Isle  of  Scalpay.  The  Tolcanio 
group  is  represented  here  bv  a  small  area  of  itasaltic  lavas  in  the 
soutnern  part  of  the  island.  These  rocks,  rcstini,^  on  Lias  to  the 
west,  and  cut  off  by  a  fault  to  the  east,  have  a  tliickness  uf  not 
less  than  1,G00  feet.  In  the  south-western  part  of  the  island  an 
extension  of  the  granite  of  Skye  invades  the  Torridonian  strata, 
branching  out  in  one  place  into  a  succession  of  sheets.  Of  the 
minor  intrusions  of  Scalpay,  the  most  interesting  is  a  group  of 
dykes  which  belong  to  tne  general  moflel  of  tlie  triple  composite 
dykes  ef  Skye,  consisting  of  granophyre,  tianked  on  each  side  by 
basalt  In  this  outlying  area,  however,  the  dykes  show  i^eat 
in'eguiarity,  in  the  deticiency  of  one  or  other  of  the  (•onij^)onent 
rocks,  a  smuous  line  of  outcrop  and  frequent  interruptions  of 
continuity.  These  iixipcrfcctions  throw  considerable  light  un  the 
nature  and  origin  of  the  more  typical  examples  in  Skye. 

Tertiary  Igneous  Roch  in  West  Argyllshire,  —  In  the 
Eas  Ruadh  glen,  six  miles  south  of  Oban,  numerous 
dykes,  chiefly  of  basalt,  present  chilled  edges  in  (  ontact  with  the 
ande-i^'  s  They  arc  s{)lit  up  by  newer  acid  dykes,  wliich 
are  so  much  weathcrecl  that  the  normal  aspect  of  tho  rock 
can  only  be  inferred  from  the  luidccompused  rhyolite  bombs 
found  in  the  volcanic  rock  south  of  Glen  Feoclian,  in  which 
beautiful  flow  structure  is  well  shown.  As  these  acid  dykes  have 
been  injected  into  the  basalt-dykes  they  may  be  inferred  to  be 
of  Tertiary  age. 

The  Craignish  promontory,  ei^^ht  miles  south  of  Kilmelfort, 
displays  two  compound  basal*  (\vkes,  of  whirh  one  runs  from 
Barbreckmore  in  a  N.  W.  and       direction,  and  the  other  a  mile 
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Mr.  fiariwr.  to  the  .south-west  extends  in  a  parallel  direction  from  the  Free 
Church  to  Dai  11,  and  forms  the  sole  of  the  road 
between  the  two  places.  In  tho  northern  portion  of  tlvo  island 
of  Luing  a  compoimd  basalt  dyke  runs  m  a  N.L.  aud  S.VV. 
direction  north  of  fiallahuan.  it  is  found  also  in  the  tideway 
between  Luing  and  Torsay  islands. 

Pleistocene,  including  GlaciaL 

In  the  course  of  the  field-work  last  jear  considerable  tracts  of 
Glacial  Drift  were  mapped,  and  Tanous  details  were  collected 
which  help  to  increase  our  knowledge  of  the  history  of  the 
Ice  Age  in  Britain.   A  brief  summary  of  the  observations  is  all 

that  can  bo  i^iven  here.  In  the  followmg  narrative  a  geographical 
order  will  l)c  adopted.  The  luiglish  Southern  Counties  and 
Midlands  will  tirsl  he  tMken.then  tlie  region  of  South  Wales,  and, 
lastly,  the  various  areas  of  survey  in  Scotland  from  south  to 
north. 

Sussex. 

Mr.  Lftmp-  The  high-level  flinty  rubble,  described  in  last  Su  m  mary  of 
ProgresB  as  having  been  traced  bv  Mr.  Lamplvuh  in  this  county, 
has  oeen  again  found  by  him  under  the  same  conditions,  tlioncfh 
in  less  qnantity,  on  the  higher  irround  oeeupiod  bv  the  Folkestone 
Beds  to  tlio  oast  oi  the  Anui,  at  liaekham,  Parhani  Park,  Kit- 
hnrst,  Siillington  Warren,  and  Longbury  Hill,  forming  little 
plateaux  at  varying  elevations,  apparently  the  remnants  oi  an  old 
sur£M»e  which  sloim  westward  towards  tne  Arun  Valley  and  also 
northward  from  the  Downs.  The  remarkable  persistence  of  this 
drift  on  the  Folkestone  Beds,  while  it  is  scarce  or  absent  on  the 
neighbouring  formations,  seems  }o  be  due  to  the  greater  height  of 
the  outero)^  of  tliat  group,  whi-  ii.  jxThaps,  thus  alone  preserves 
portions  ol  ilie  an<  ient  snriai  u  on  wiiieli  th(*  rtibhle  was  deposited. 

There  is  the  same  diHiculty  on  the  ea.slern  a.s  on  the  western 
siilo  of  tho  Arun  \'alley  in  distinguishing  between  tho  lower 
])atches  of  this  high-level  drift  and  the  higher  of  the  true  river 
gravels,  though  m^quently  the  presence  of  fragments  of  cherts 
sandstone,  &c.,  in  the  latter  is  sutti(;ient  to  identify  thenL 

AVlicrc  the  escarpment  of  the  Hythe  IWs  is  lugh,  as  between 
Petworth  and  the  Anin,  patehes  of  aiv_rii1ar  dierty  rubble, derived 
from  that  source,  occur  as  a  tliin  eajipiiiL^r  on  hills  of  Weald  Clay 
below  the  cse^irpmo^'it  nii<l  s<>ni"i iuu  s  hah' a  mile  or  more  distant 
from  it.  The.se  u.^uuily  lie  opposite  coomb-like  indentations  in 
the  escarpment,  and  are  probably  equivalent  to  the  flinty  rubble 
which  occupies  a  similar  though  more  distant  position  in  regiud 
to  the  South  Downs.  Both  would  require  [t  M  uiiar  physical  con- 
ditions for  their  produ<'tion,  and  are  probably  the  reUcs  of  some 
stage  of  tbo  Glacial  Period. 

Uravelly  deposits,  undoul)tedly  connected  with  the  erosion  of 
the  pres(»nt  valleys,  were  found  imder  the  same  conditions  as 
da^jcrilmd  in  lust  Hainuinry  of  Proy reus,  chiefly  in  the  form  of 
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deltas  around  the  junction  of  tributary  streams  with  the  main  Mr.  Lua|h 
valleys,  their  materials  bcins?  mainly  derived  tiom  the  high-level 
drifts.  These  gravels,  in  the  absence  of  sections,  are  some- 
timeB  difficult  to  detect  owing  to  the  doep  cohering  of  stoneless 
sandy  wash  in  the  Lower  Oreeosaad  tract,  and  of  clayey  wash  in 
the  Wealden  area,  which  Ibim  soils  indistinguishable  from 
those  of  the  "  solid  "  formations. 

In  the  vicinity  of  the  Aran,  gravels  of  this  class  occur  at  vary- 
ing elevations,  even  capping  high  ijround  adjacent  to  the  river, 
as  at  Leo  Fannin  the  Weald,  ana  at  Grei\thuni  on  the  ijower 
GreensaneL  They  are  then,  as  above  stated,  scarcely  separable 
from  the  high-level  drift.  It  is  indeed  evident  that  the  sub- 
aerial  erosion  of  the  land  has  gpne  on  without  interruption  since 
the  period  of  the  high-level  dnft;  there  is  no  tiaoe  Here  of  the 
marine  stage  recognised  at  corresponding  elevations  on  the 
southern  side  of  the  South  Downs,  which  therefore  probably 
preceded  the  earliest  drift  now  existing  in  the  interior. 

On  the  ridges  of  Weald  clay  immediately  north  and  south  ot 
Gunter's  Bridge,  one  mile  north  of  Pctwortli,  a  ( onsidumblo 
development  of  stratihed  gi-avol  of  VV'^ealden  material  deserves 
mention,  as  there  seems  to  be  no  drunage  at  present  in  this 
locality  which  will  account  for  it.  The  grayel  occurs,  howerer, 
at  the  extreme  northern  margin  of  the  area  surveyed,  and  may 
xeoore  explanation  from  the  examination  of  the  tract  further 
north. 

Flints  were  observed  in  considerable  numbers  in  the  soil  of 
the  cultivated  lands  on  the  Weald  clay,  especially  in  the  vicinity 
of  the  Arun,  but  they  become  scarcer  towards  the  north.  A  few 
smooth  pebbles  of  quartzite  and  two  well-rounded  and  pitted 
flints,  evidently  from  Tertiary  pebbles,  were  also  foimd  under 
similar  conditions.  Whether  these  have  been  introduced  in  the 
prooessof  cultivation  or  whether  they  have  formed  part  of  the 
gravels  could  not  be  ascertained,  but  their  presence  deserves 
further  investigation  ;  if  in  place,  thev  may  indicate  a  temporary 
#  northward  inflow  through  the  Arun  gorge  at  some  period  m  the 
past. 

OXFOKDSUIRE  AND  BuCKIKQHAMSHIRE. 

Tlie  mapping  of  the  Loam  and  Clay-with-Flints  on  the  Chiltem  Mr.  Blak«. 
Hills  has  been  continued  by  Mr.  Blake  northwards  from 
Russcllswater  Common  (snuth-east  of  Watliiigton),  and  from  the 
north  of  Medmenham  to  Chinnor  Hill.  In  many  places  patches 
of  mottled  clays  and  loams  are  to  hi  seen,  whicli  are  evidently 
re-depofiited  Reading"  Beds.  They  are  more  sainly,  not  pUivStic, 
and  much  less  brilliant  in  colour  than  lieiiding  iieds  in  mUu, 
and  often  contain  litUe  frsffments  of  flints^ 

Several  patches  of  Pebble^  Gravel  were  mapped  and  the 
boundaries  of  others  were  revised  around  the  Lane  End  outlier 
of  Reading  Beds.  The  largest,  extending  from  Dell  s  Farm  to 
Che(juers  Parm,  N.W.  of  Lane  End,  overlies  the  Chalk,  and 
consists  of  large  and  small  flint  -  pebbles,  intermixed  with 
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Mr.  Bl&ke.    angular  and  sub-angular  flints,  in  a  matrix  of  ^^oUow,  orange, 
and  bufi-coloured  loam,  sand*  and  day.  The  mghest  part  of 

this  gravelly  patch  is  about  622  feet  above  sea  level  Several 
patches  of  somewhat  similar  travel  occur  at  Gadmore  End; 
while  at  Kiln  Wood,  west  of  Cadmore  End  Common,  pockets  ot 
pt>hb]y  and  snb-angiilar  Hint-«rravel,  ten  foot  in  depth,  occur  in  the 
Avhitc  sand  of  tho  KoadiiiLr  Ht  ds,  which  liittor  prosonl  a  some- 
what wavy  and  distiubud  apptiaranco  near  the  surface,  that  may 
posisibly  bo  due  to  glacial  action. 

Furtner  south  nom  Kensham  Farm  to  the  Stockenchureh- 
road  a  considerable  maas  of  gravel  may  be  seen*  A  large  pit* 
section  of  tlii^^  deposit  shows  fiom  18  to  20  feet  of  pebbly  and 
saban^ular  flint  gravel,  intermixed  with  and  overlying  re- 
.deposited  mottled,  crimson,  and  grey  clay,  loam,  and  sand,  of  the 
; Reading  Beds.  In  tho  upper  part  of  the  section  tliosc  strata  are 
shown  to  be  distinc  tly  stratilicd,  with  gravel  above  and  below 
them.  The  Pebble  Gravel  capping  the  two  outliers  of  London 
Clay  on  the  Lane  End  outHer  ot  Reading  Beds  consists  mostly  of 
small  flint-pebbles ;  but  some  have  been  noticed  from  three  to 
six  inches  long,  intermixed  with  a  few  of  quartz  and  Ivdite,  in  a 
matrix  of  brown  sand.  In  patches  of  shingly  Pebble  Gravel  near 
Parmoor  the  flint  pebbles  vary  from  one  to  three  inches  in 
lo!iL'th,  and  are  intermixed  with  a  few  of  (juartz.  Lydian  stone, 
and  subangiilar  tiints,  in  a  matrix  of  lotim  and  clay. 

A  large  spread  of  Plateau -gravel  extends  from  Marsh  Baldon 
to  Draycot  and  Burcot.  This  deposit  consists  mostly  of 
small  flints,  rounded  and  subaiupilar,  enclosed  in  a  sandy  matrix, 
vdth  numerous  rounded  pebbles  of  quartzite,  pink  and  white 
quartz,  lydite,  cherty  sandstone,  and  occasional  shell-fragments 
r-much  water-Avom  pieces  of  Ostrea  being  common.  Further 
west,  and  also  in  Nuneham  Park,  several  large  areas  of  loam  and 
clay,  full  of  rounded  pebbL  s  of  qiiartzite,  quartz,  Lydian  stone, 
etc.,  occur  at  various  levels  on  the  Lower  Greensand  and  on 
outliers  of  Gault. 

LpiCESTESSBIRE. 

Mr.  Fox  In  the  east  of  this  county,  where  Mb.  Fox  SxRAXr.  ways  has  been 
^traQgways.  enf^aj^ed,  he  has  found  the  Drift  to  consist  cliiefly  of  <  hnlk-bearing 
.  .  '  Bouldcr-clay.  This  deposit  mps  the  higher  ground  at  ivnossing- 
ton,  Cold  Overton,  and  J  Vkwell,  but  descends  into  the  valley 
at  Owston  towards  the  west  and  Whissendino  towards  the  north. 
A  l»oad  stretch  of  country,  about  a  mUe  or  more  in  widUi» 
extending  from  Burrow,  ^merby,  and  lickwell  eastwards  to 
Ranksborough  Hill  and  beyond*  stands  up  free  of  Drift.  All 
the  valleys  c  ut  through  the  Drift  and  expose  the  solid  strata^ 
showing  tliat  the  superficial  deposit  cannot  be  of  any  great 
thickness.  Patches  ot  gravel  occur  at  Cold  (Jverton,  Knossing- 
ton,  and  Owston,  capping  the  higher  ground,  but  there  does  not 
appear  to  be  much  sand  or  gravel  at  other  horizons.  Tho 
relation  of  these  accumulations  to  the  Boulder  Clay  is  obscure, 
but  they  appear  to  be  more  or  less  contemporaneous  with  it. 
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Aocordmg  to  Professor  Judd  *  these  gravels  arc  much  con-  Mr  Fnx 
torted  and  distnrlx^d,  but  since  the  introduetion  of  roadstonc 
from  the  older  rocks,  the  hue  sections  formerly  exposed  have 
been  entirely  obliterated  In  the  S'lituimry  of  Profprsn  for 
1899  the  erroneous  uia])ping  of  tlie  Drift  in  this  district,  as 
shown  on  Sheet  64,  was  pointed  out.  The  revision  last  year  has 
'  ihown  further  errors,  more  particularly  to  the  north  of  Cold 
Overton,  where  a  palpable  Upper  Lias  country  with  fine  sections 
in  the  Rock  Bed  of  the  Middle  Lias  is  sho\m  as  Drift. 

In  the  dlstrii  t  traversed  by  the  Wreak  Valley  the  Drift  is  of 
considerable  diversity,  and  somewhat  unirjur.  Tliero  are 
certainlv  two  if  not  three  Boulder  (^lavs  of  ditferent  ai^rs,  and 
also  bedfs  ot"  ^aavel  of  two  or  three  periuifs.  but  it  may  be  doubted 
whether  there  is  suiiicicnt  evidence  for  the  very  niunerous  sub- 
diTiftions  intioduced  by  Mr.  DEELET,f  He  may  possibly  have 

SVen  different  names  to  the  same  deposit  in  dineient  localities.  * 
B.  Fox  Strangways,  however,  reserves  hLs  opinion  on  the 
true  succession  of  these  deposits  until  further  work  has  been 
done  b\-  him  in  the  Trent  basin.  The  present  Wreak  Valley 
appears  to  traverse  an  old  glacial  basin  which  was  more  or  less 
filled  up  with  brickearth  and  sand  before  the  deposition  of  the 
Chalky  Boulder-Clay.  It  is  in  the  N.E.  comer  of  this  district 
that  tne  large  boulder  or  drifted  mass  of  oolitic  limestone  occurs, 
300  yards  long  by  100  yards  broad,  which  was  mentioned  in  the 
Annual  Beport  '^ofthe  Oedo^ical  Survey  for  1892. 

In  the  northern  part  of  the  district  mapped  by  Mr.  Fox 
Strangways  there  is  not  much  Drift,  thougn  a  httle  is  found 
capping  the  hills  around  West  Leake.  It  descends  to  lower 
levels  towards  the  Soar  Valley,  where  it  becomes  mingled  with 
post-glacial  tiejiosits,  and  is  then  difficult  to  distingiush  from 
them.  The  latter  become  extensive  along  the  lower  part  of  the 
river  as  it  approaches  its  junction  with  the  Trent  The  fault 
bounding  the  Lias  on  the  south  side  at  Normanton  Hills,  which 
is  shown  in  the  old  map  71  S.E.,  is  well  seen  in  the  cutting 
of  the  new  line  of  the  Great  Central  Railway. 

SUROFSaiB£. 

The  town  of  Market  Drayton  stands  on  bare  Bunter  Sand-^*®^«> 
stone,  but  Mr.  Gibson  has  observed  that  immediately  to  the 
west  the  Drift  appears  and  increases  in  thickness  so  rapidly  as 
to  suggest  that  the  ground  <»n  wliieli  the  town  is  built  is  a  pre- 
Cflacial  blut^"  of  Triassic  sandstone,  aijain.st  the  western  scarp  of 
which  tlie  glacial  sands  and  travels  liave  been  l)anked  up  so  as 
to  bring  it  on  a  level  with  the  Cheshire  jilain.  To  the  south  of 
Market  I^yton,  round  Hinstock,  the  Drift  is  thick  and  consists 
largely  of  loamy  sand.  To  the  cast  and  south-east  it  occurs 
in  small  irregular  patches  of  no  great  thickness.  Near  the 
head  of  Coal  Brook,  however,  between  Fairoak  and  Chipnall 


*  Geology  of  Rutland,  in  Mem.  Geol.  Survey,  fig.  19. 
t  Quart.  Jcwm.  Qvd,  Soe^  vol.  xlii.,  p.  437. 
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Mr.  Gibson.  Mill,  a  considerable  thickness  of  gravel  and  sand  encloses  swamps 
and  extensive  peat-bogs.  The  gravel  consists  largely  of  small 
pebbles  of  Scotch  granites,  mixed  with  a  few  quartzites  derived 
&om  the  Bunter  conglomerate.    Among  the  large  erratias, 

which  are  strewn  over  the  sur&ce  of  the  ground,  granites  from 
Southern  Sootknrl  are  far  in  excess  of  those  from  Cumberlanrl. 
It  would  appear  that  n  tongue  of  ice  from  the  great  sheet  covering 
the  Chesliire  plain  carried  to  this  place  boulcfers  chiefly  derived 
from  the  South  of  Scotland. 

The  coarse  beds  of  the  glacial  sands  near  Market  Drayton 
Yield  numerous  fragments  of  marine  sheUs^  those  of  TurrvteUa 
being  the  commonest  They  are  frequently  nearly  perfect,  but 
are  very  fragile. 

Cheshirx. 

Mr.  FococW  From  the  observations  of  the  glacial  phenomena  in  the 
Macclesfield  district,  continued  by  Mr.  Pocock  last  year, 
he  has  foimd  it  possible  to  trace  out  the  limits  ot  glacial  action 
in  this  part  of  England.  No  striated  surfaces  have  been 
detected,  the  only  evidence  as  to  the  direction  of  ice-flow  being 
furnished  by  the  distribution  of  erratic  blocks.  Boulders  of 
Millstonc-grit,  most  probably  derivrd  from  tb^  bi'jfh  ground  east 
of  Macclestield,  are  scattered  over  the  Lower  Carboniferous  sand- 
stones of  Croker  Hill.  As  the  gathe  ring  ground  does  not  extend 
west  of  a  line  drawn  north  and  south  through  Croker  Hill,  it 
would  seem  that  the  ice  followed  a  more  southerfy  direction  than  is 
usual  in  the  north-west  of  England.  This  trend  is  quite  in 
accordance  with  the  disposition  of  the  great  physical  leatures 
which  must  have  controlled  the  movement  of  the  ice-sheet  in 
this  part  of  the  country. 

All  the  hill-tops  up  to  1,300  feet  show,  by  perched  blocks 
of  igneous  rocks  Ironi  Cumberland  and  Southern  Scotland,  that 
they  have  been  overridtlen  by  the  ice.  The  first  check  to 
the  southward  progress  of  the  ice  seems  to  have  been  given 
by  the  high  ground  of  Macclesfield  Forest,  where  a 
dome-shaped  hill,  a  square  mile  in  extent,  rises  to  a  height 
of  1,670  feet.  Boulders  of  Cumbrian  and  Scottish  rocks 
arc  found  all  round  the  slopes  up  to  a  height  of  1,330  feet,  but 
no  higher.  Most  likely  the  summit  stood  up  as  a  "  nunatak," 
even  at  the  time  of  greatest  glaciation.  Two  miles  further 
south  the  ice  encountered  a  more  formidable  barrier.  The 
conical  peak  of  ShutHngslow  stamls  on  an  elevated  plateau 
about  1,300  feet  above  the  sea,  separated  by  a  deep  ravine  from 
the  main  rid<^  of  the  Peimines,  the  peak  itself  beinff  1,668  feet 
in  lieight.  This  ravine,  known  bv  the  name  of  Wild  Boar 
Clougli,  contains  northern  erratics  rfepositcd  on  the  flank  of  the 
main  riflrrc  to  a  beirrht  of  1.100  feet,  which  shows  that  the  ice 
must  have  tlowed  completely  round  SbutlinL'^low.  This  plateau 
is,  for  the  mosi  part,  free  from  drift  and  boulders,  but  the  ice 
penetrated  a  shiiliow  depression  on  the  west  side  of  the  peak, 
where  the  ground  sinks  to  1,200  feet  or  less,  and  left  a  tram  of 
gravel  mounds  along  a  line  two  miles  in  length  The  peak  itael( 
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together  with  all  parts  of  the  plateau  which  rise  above  1,300  feet,  Ur.  Poeodk. 

are  destitute  of  drift  and  boulders.  Nor  is  it  likely  that  they 
ever  existed  here,  since  the  country  is  uncultivat»'J  inooriand. 
where  tliere  would  be  no  occasion  to  remove  boulders,  as  has 
been  done  in  the  low-lying  agricultural  districts. 

We  have  now  the  materials  for  forming  an  estimate  of  the 
tbicknees  of  the  ice  sheet  on  the  vest  side  of  the  Pennine 
Chain.  The  level  of  the  Trias  Sandstone  under  Macclesfield  at 
its  lowest  point  is  317  feet  above  the  sea ;  the  highest  boulder  in 
the  same  latitude  is  1,330  feet.  If  100  feet  more  be  allowed 
for  the  siu-face  of  the  ice,  the  thickness  would  be  1,113  feet. 
Probably  it  was  rather  less  in  the  southern  part  of  the  area,  as 
the  limit  of  boulders  around  Shutlingslow  seems  to  be  some  50 
feet  lower  than  it  is  further  north.  An  estimate  of  1,000  to 
1,100  fiaet  for  the  thi<tlmei«  of  the  ice-sheet  in  this  district  vill 
not  be  far  £rom  the  truth. 

Search  was  made  for  any  indications  of  local  elaciation,  but 
none  were  found.  Boulders  ft-om  the  main  ridge  of  the  Pennines 
do  not  seem  to  have  been  carried  to  the  westward.  Indeed,  the 
northern  if  <  approached  so  close  to  the  foot  of  the  ridt'^e  that  it 
is  not  likely  to  have  encountered  any  resistance,  as  it  would  have 
done  if  an  ice-cap  had  covered  the  ridge  itself. 

The  Drift  in  the  country  round  Macclesfield  is  of  two  kinds^ 
whicii  ibay  be  <»lled  respectively  Boulder-clay  and  FluTio-glacial 
deposits,  tne  former  term  bein^  restricted  to  those  deposits  which 
are  the  direct  product  of  land-ice,  and  the  latter  bemg  used  for 
those  in  which  the  materials  are  ice-borne,  but  the  depositing 
agent  was  water.  It  is  sometimes  difficult  to  separate  the  latter 
from  the  more  modern  river-gravels.  The  Houider-clay  comes 
to  the  surface  over  a  small  part  of  the  area  only,  all  of  which  is 
above  the  500-feet  contour  line.  So  h,r  as  Mb.  Pocock  has  yet 
observed,  aU  the  clays  at  a  lower  level  belong  to  the  fluvio-glacial 
series.  A  thickness  of  20  feet  or  more  of  Boulder-clay  extends 
up  the  valley  from  Sutton  to  Gleulow  Cross,  where,  at  a  height 
01  1,000  feet,  the  ice  passed  over  the  waterslied  into  the  basin 
of  the  Dane.  A  section  about  a  mi  In  above  the  viliuLje  shows  a 
tough  amorphous  c  ljiy  with  striateci  uud  rounded  boulders,  many 
of  which  are  derived  irom  the  Lake  District  Volcanic  Series. 
This  appears  to  be  a  true  till  formed  under  the  ice,  which  camo 
up  the  valley  from  the  north-west. 

Similar  deposits  cover  a  considerable  area  in  the  valley  at 
Langley,  and  rise  gradually  as  they  are  traced  up-stream,'  till  at 
the  l,()()0-feet  level  they  die  out.  There  are,  besides,  numerous 
sheltered  spots  in  the  hUls  where  little  patches  have  been  lodged 
in  positions  which  have  protected  them  from  subsequent 
denudation. 

The  fiuvio-fflacial  deposits  cover  most  of  the  lower  ground, 
and  are  founa  up  to  a  height  of  over  1,250  feet  above  tne  sea. 
Tliey  vary  in  character  from  a  tough  brown,  finely-laminated 
clay,  entirely  free  from  boulders,  to  coarse  gravels  and  boulder- 
beds,  but  one  and  all  of  them  bear  marks  of  deposition  by 
water*    Interesting  sections  of  these  deposits  are  given  by 
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r.  Pooock.  borings  lu  different  parts  of  the  country,  which  illustrate  the 
cbangeable  ehaxai^  of  the  beds  and  the  small  part  played  by 
trae  JBoulder  clay  in  the  glacial  deposits  of  this  region.*   At  the 
Macclesfield  Asylum  220  feet  of  Drifts  were  bored  through,  with 
a  layer  of  Boulder  clay  44  feet  thick  in  the  middle.    At  the 
North  Cheshiro  B^owcr}^  a  mile  distjuit,  two  layers  of  Boulder 
clay,  12  and  i;i  feet  thick  respectively,  were  encountered  in 
150  feet  of  Drift,  while  at  Bollin<]fton  more  than  200  feet  of 
tiuvio -glacial  deposits  were  piissed  through  without  a  sinjgle  seam 
of  Boulder  clay.   The  peculiar  character  of  these  deposits  seems 
to  be  due  to  the  fact  that  two  riTers,  the  Bollin  and  Dean, 
draining  a  considerable  area  of  the  upland  country,  emerge  on 
U>  the  lowlands  at  Macclesfield  and  Bollington.    No  merely  local 
melting  of  the  iee-shcet,  caused  by  snh-ghuaal  strcfmis,  is  snffif^ient 
to  account  for  the  wide  distribution  of  this  kind  of  drift. 
The  nit'lting  must  have  l)een  general  over  a"  wide  area,  and  was  • 
probably  aided  by  the  two  rivers  flowing  against  the  ice-foot  and  ■ 
liberating  larga  floods  of  water.    Parts  of  the  ice-sheet  may  still 
have  lingered  in  the  upland  valleys,  and  caused  the  rivers  to  flow  - 
with  greater  volume,  but  the  mam  mass  had  retreated  from  the 
hills,  and  only  o(  <  upied  the  Cheshire  plain.    The  belts  ot 
Boulder-clay  includeci  in  the  fluvio-glacial  scries  mav  indicate 
oscillations  of  the  ice-front  of  more  or  less  magnitude,  but  ' 
whether  these  constitute  distinct  periods  of  glaciation  comparable 
to  those  which  obUiined  in  the  Alpine  region  is  not  clear.  The 
upper  parts  of  these  drifts  yield  evidence  of  the  formation  of  a 
lake  oT  oonsiderable  extent    Thick  beds  of  finely-laminated  - 
brown  clav,  with  oc(>a.sional  banks  of  sand,  can  be  seen  at 
intervals  all  along  the  foot  of  the  MUs  east  of  Macclesfield  at  a 
level  of  about  500  feet.    They  arc  sometimes  covered  by  a  bed  of 
cbai*se  gravel,  niad(^  up  of  waterworn  stones,  local  and  erratic, 
which  mark  the  shore  line  of  the  lake  a^^'ainst  the  hill  sIojdc. 
The  lake  secins  to  have  terminated  a])out  three  miles  south  oi 
Macclesfield,  where  a  ridge  of  Trias  abuts  against  the  Carbouifer- 
otis  hills  above  the  500-leet  level.   Part  otthe  site  of  the  lake  is 
now  occupied  by  a  peat-bog  called  Dane's  Moss,  not  far  from  the 
town.    On  the  west  side  this  site  is  bounded  by  ridges  and 
mounds  of  gravel  and  sand,  but  on  the  north  there  is  open 
ground  as  far  as   the   Mersey   12   miles    distant.  Unless 
the  lake  was  la  id  in  by  ice  on  this  side,  it  probably  covered 
the  whole  of  tliat  tract.    At  present  the  lacustrine  deposit  has 
been  traced  as  fur  as  Bolliugton,  three  miles  north  of  Maccles- 
field.   A  *considerabk)  delta  was  formed  by  the  river  Bollin, 
where  it  flowed  into  the  ancient  lake.   A  deposit  of  gravel 
12  feet  thick  may  be  seen  at  Sutton  overlying  a  silty  clay  above  ' 
the  present  stream-level     The  gravel  consists  of  well  water- 
worn  (^umbrian  erratics,  mixed  with  more  angular  local  blocks 
6  or  8  inclics  lonj^,  and  is  no  df)ubt  derived  from  a  Iwuldor-clav 
wbich  has  bocn  rc-a,ssorted  by  the  stream.    The  delta  is  about 
half  a  mile  wide  at  this  point  and  520  feet  above  the  sea.  Its 


♦  See  Saiqter'ij  "  J^arables  Kound  Macclesfield," 
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surface  rises  gradually  as  it  is  traced  up  stream,  and  the  deposit  l|r.  Poo^ck. 
dies  out  in  tne  village  of  Lan^ley  a  mile  higher  up.   The  lacus- 
trine eiays  show  no  si^  of  oisturbanoe  by  floating  ice,  so  that 
it  is  pioliable  that  the  loe-shect  had  retreated  from  this  part  of 

the  country  at  the  time  of  their  formation. 

Tlie  Dril'ts  of  the  upland, country  belong  to  an  earlier  period 
than  those  which  have  been  just  described,  though  they  may 
have  heen  formed  during  the  dissolution  of  the  same  ice-sbeet. 
They  occur  iu  two  groups,  one  of  which  (that  near  Walker  Ham) 
was  referred  to  in  the  last  Savmxary  of  Process.  The  other 
lies  on  the  plateau  at  the  west  side  of  Shutlingslow  peak,  and 
can  be  best  exaiuined  in  some  gravel-pits  a  short  distance  north- 
east of  Cloulow  X>08s.  The  top  consists  of  coarse  water-worn 
gravel  made  up  of  northern  erratics  and  local  rocks,  underneath 
which  are  heils  of  wuid  sho\ving  beautiful  diagonal  hedding. 

Both  groups  run  across  the;  cols  which  separate  one  drainage 
area  from  the  other.  They  could  not,  therefore,  have  been  formed 
while  the  present  drainage  system  was  in  operation;  but  they 
are  found  in  precisely  those  places  where  the  streams  would  be 
compelled  to  now  if  tne  adjacent  valleys  were  filled  by  ice  up  to 
a  level  of  1,100  or  1 ,200  feet.  Probably  the  mev  de  glace  nad 
sunk  down  somewhat  from  its  highest  limit,  and  the  waters 
h'bcmted  by  the  melting  ice  combined  with  those  that  tlowetl  off 
the  higher  hills  to  form  a  tmuultuous  stream  by  which  the 
glacial  debris  was  heaped  ui)  m  mounds  and  ridsjcs  in  the 
lowest  ground  then  open.  Other  mounds  of  saud  and  gravel 
can  be  seen  in  the  valleys  resting  on  Boidder  clay  at  about  the 
700-feet  level  These  nave  the  characters  of  true  kames^and 
were  formed  after  the  present  system  of  streams  had  become 
established,  but  at  the  same  time  under  glacial  conditions,  llie 
well-known  glacial  shell-beds  in  Macclesfield  Cemetery,  which  ' 
were  many  years  ago  described  by  Dr.  Sainter  and  Mr.  Darbi- 
SHIRE,  are  now  closed.  The  level  of  these  deposits  is  about 
450  feet  above  the  sea.  The  shell-beds  that  lie  at  higher  levels 
(1,250  feet)  are  also  covered,  but  Mr.  Pocock  liad  the  oppor- 
tunity of  examining  some  of  the  specimens  which  were  collected 
at  Cleulow  Cross.  These  were  chiefly  rolled  fragments,  and 
included  none  which  could  positively  be  afiirmed  to  have  In -e  n 
in  situ.  The  list  of  species  is  given  iy  Dr.  Sainter  in  his  book 
on  "  Rambles  Round  Macclestield." 

Some  instances  of  buried  river-channels  have  been  observed 
in  the  course  of  the  survey.  The  insliin<:c  is  one  recorded 
by  Dr.  Sainter,  which  has  been  proved  by  borings  in  dili'ercnt 
parts  of  Macclesfield.  The  river  Bolhn  at  present  flows  on  the 
east  side  of  the  town,  at  a  level  of  440  feet  above  the  sea,  the 
Trias  sandstone  being  about  45  feet  below  the  river-bed.  Borings 
in  the  western  part  of  the  town  have  proved  the  existence  of  a 
trough  in  the  Tria*;  at  about  (iO  leot  lower.  In  pre-glacial 
times  the  Bollin  must  have  flowed  in  a  bed  100  feet  lower  than 
at  present.  Tli"  other  examples  may  be  seen  elose  to  the  upper- 
most of  the  Langley  reservoirs  near  the  source  of  the  Bolhn. 
^  0I4  channel,  filled  up  with  gravelly  drift,  extending  in  a 
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Mr.  Fooook.  son th- westerly  direction  from  the  north  side  of  Trontham  Bank 
Wood  to  Ridgegate  Farm,  whore  it  joins  the  present  l>ed  of  the 
Bollin.  The  brook,  which  is  one  of  the  tributaries  of  the  Bollin, 
lias  turned  aside  and  eut  a  new  ehannel  through  tlie  solid  rock 
at  l^entham  Bank  Wood,  joining  the  mam  stream  a  quarter  of 
a  mile  higher  up  than  at  present  A  similar  instance  may  be 
seen  at  the  lower  end  of  the  reservoir.  Here  the  Bollin,  leaving 
its  old  course  blocked  with  Drift,  has  cut  a  ravine  100  feet  deep 
in  the  Millstone-grit  nearly  300  yards  ftirthor  to  the  south. 

Mr.  Wodd.  Jn  the  Congleton  district  tho  superticial  deposits  have  recently 
been  mapped Mk.  Wedd.  lie  linds  that  the  Drift,  entering 
the  Biddmph  valley  by  tho  gap  in  the  ffrit  rid^o  at  MoBBley 
Village,  continues  for  some  distance  to  be  mirly  thick  and  to  hie 
steeply  banked  against  the  higher  CSarboni&rous  groimd.  But  it 
often  thins  out  unexpectedly;  and  little  or  none  of  it  is  to  be 
founrl  on  much  of  the  low  ground  in  the  southern  part  of  tho 
valley  where  it  might  be  expected  to  occur.  The  material  con- 
sists  of  sand  and  clay,  clay  usually  overl3dng  sand,  the  latter 
containing  shell  fragments  near  Gillow  Heath  Station.  In  this 
district  the  Drift  in  places  is  not  more  than  20  feet  thick,  the 
underlying  Keuper  Marls  being  seen  in  several  places,  but  it 
becomes  tJoicker  to  the  west  of  the  town  of  Congleton.  Here  also 
day  usuallj^  overlies  sand,  the  latter  containing  shell  fragments. 
Large  erratics  are  idix  less  numerous  than  in  the  district  to  the 
soutn. 


South  Wales. 


The  mapping  of  the  superficial  deposits  in  tho  western  part  of 
Tidd^i^  the  South  Wales  Coal-add  and  the  adjoming  districts  has  been 
ud  GtonMli.  continued  by  MxssstH.  Strahan,  Tiddehan,  and  Cantrill.  The 

following  summary  of  the  recent  results  obtained  with  regard  to 
the  glacial  geol<^'  has  been  drawn  up  by  Mr.  Strahan,  under 

tvhosc  supervision  the  survey  of  the  district  is  placer  I 

In  the  area  survey*Ml  by  Mr.  Cantrill  he  has  observed  proof 
of  a  northerly  movement  of  the  ice  down  the  valleys  on  the 
northern  slopes  of  the  Black  Moimtains.  In  Cwm  Sawdde- 
fechan  there  is  much  till  which  contains  boulders  of  white  grit, 
though  chiefty  composed  of  Old  Red  Sandstone  dibrU;  the 
drift  of  the  dy dach  Valley  also  encloses  pieces  of  limestone, 
black  chert»and  white  grit.  In  both  cases  these  boulders  must 
have  been  carried  from  south  to  north.  The  movement  of  the 
main  mass  of  the  ice,  however,  seems  to  have  been  alon^r  the  foot 
of  the  slopes  in  a  westward  direction,  for  boulders  of  the  red  irrits 
and  conglomerates  occur  some  miles  cast  of  the  point  at  which 
these  rocks  disappear,  as  previously  described  (p.  04  ). 

Further  evidence  of  the  westerly  trend  of  the  ice-flow  is  fur- 
nished by  the  stride.  .  On  Cefii  y  Truman  and  a^in  half-a-mile 
S.S.E.  of  Pont  Clydach  they  jjoint  N.W.,  the  ice  presumably 
having  moved  down  from  the  higher  ground  l3;[ing  to  tne  S.E.  At 
Cnrn  CeTmen  they  point  W.  35°  S.,  and  still  further  west,  at  the 
sourc^eofthe  Gwythwel  Brook,  about  S.W.  That  I  he  upper 
ridges,  if  not  the  actual  summits,  of  ti^e  Black  JB^ountaims  were 
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enveloped,  is  shown  by  the  occurrence  of  Old  Red  Sandstone  Measni. 
Drift  within  a  few  feet  of  the  top  of  Careg  3rr  Ogof  (1,924  feet).  2»55J*J» 
Stri»  and  bevelled  crags  occur  up  to  a  height  of  1,940  feet  on  ^^SoIISilL 
Gareg  TAs,  and  the  top  of  Cefn  y  Tniman  (over  1,750  feet)  is 
striated.    On  Tair  Carn  there  are  boulders  of  Old  Red  Sandstone 
at  1,540  feet,  while  high  up  in  the  steep  &oe  of  the  escarpment 
at  Forch  Cenlan  some  till  with  striated  houlders  occurs  at  a 
height  of  more  than  1,500  feet  above  the  sea,  and  600  feet  ahove 
the  foot  of  the  escarpment.   It  is  clear,  therefore,  that  not  onlj 
did  tho  iVc  move  westwards  alontr  th»>  escarpment,  and  not 
directly  away  from  it  northwards,  but  tliat  it  rnvered  the  scarp- 
fjEMje  to  a  higJi  level.    Those  facts  can  be  explained  on  the  sup- 
position that  a  great  body  of  ice  was  generated  in  central  Wales, 
m  a  region  of  which  the  glacial  phenomena  are  not  yet  known. 

The  crest  of  the  Pennant  range,  whidi  includes  Hynydd 
Gwrhyd,  Mynydd-achaf,  Cam  Uecharth,  Mynvdd  y  Gwair, 
Pen-twyn-mawr,  and  Craig-fawr  constitutes  a  subsidiary  water- 
parting.  In  its  highest  parts  it  reaches  an  elevation  of  more 
than  1  ,'200  fert,  but  it  is  traversed  by  coLs,  the  lowpst  of  which 
does  not  exceed  850  feet.  Not  only  the  cols,  but  much  of  the 
range  was  crossed  by  the  ice  of  northern  derivation,  for  drift 
containing  Millstone-grit  and  Old  Red  Sandstone  boulders  pa&ised 
over  into  the  ^gel  and  Lower  Glydaoh  valleys,  while  houlders 
of  these  rocks  occur  within  a  few  foet  of  the  sununit  of 
Mynydd  Gwrhyd  and  and  Brynmawr.  Again,  the  col  between 
Pen-twyn-mawr  and  Graig-&wT  is  occupied  a  gravelly  Driffc 
loaded  with  boulders  of  tbe  same  description,  and  the  southern 
end  of  Graig-fawr  is  strewn  with  scattered  blocks.  All  the 
valleys,  moreover,  which  lead  southwards  from  this  nif)uutain- 
tract  contain  an  abundance  of  Boulder-clay  in  which  boulders 
of  a  £eu:  northern  source  are  common,  though  the  bulk  of  the 
material  consists  of  the  local  Goal-Measurea  Here,  therefore, 
we  find  another  example  of  what  has  been  frequently  seen  in 
South  Wales,  namely,  the  overflowing  of  a  subsidiary  escarp- 
ment by  the  Carmarthen  or  Brecknock  ice-sheet  and  the 
augmentation  of  that  tlow  by  the  generation  of  local  ice. 

Allusion  has  been  made  m  previous  Reports  to  the  fact  that 
the  Drift  is  of  a  Boulder-clay  type  near  its  source,  but  of  a 
sand-and-gravel  type  at  a  distance.  This  change  is  well 
iilustiatea  in  the  great  mass  of  Glacial  material  which  extends 
ttcm  the  Pennant  escarpment  referred  to  above  to  the  neigh- 
bourhood of  Swansea.  Not  only  does  it  tend  to  pass  in  patches 
into  a  roughly  stratified  gravel  forming  characteristic  mounds, 
but  the  whole  mass  assumes  a  gravellv  aspect,  wliile  the 
boulders  become  more  and  more  rounded  as  we  work  south- 
wards until  nearly  all  occur  as  true  pebbles.  Tho  cliange  is  so 
gradual  that  it  is  impossible  to  Jraw  a  hard-and-fast  line 
Between  the  two  types  of  Drift 

The  tendencTf  of  the  Glacial  Deposits  to  assume  the  form  of 
ridges  and  moiinds  of  gravel  along  the  valleys  isw^  exemplified 
in  the  Tawe  and  Loughor  valleys.  Parts  of  Swansea  are  built 
on  typical  gravel-mounds,  one  of  them  rising  to  a  height  of 
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Mwam.       more  than  200  feet  abovo  the  river,  while  another  forms  the 

T-5!»^'  ^^^^  eminence  occ  upied  by  Bryn  Meliii  Park,  near  Cwm  Bwrla, 
m4  cS^fll.  ^  third  underlies  Bryn-hyfryd.  Fentre  School  stands  on 
-  *  moundy  q;ravcl  at  a  height  of  130  feet,  and  workings  in  the 
Hughes'  Vein  cncoimterect  the  gravel  at  a  depth  of  150  feet 
below  the  sea,  showing  that  the  deposit  is  at  least  280  feet 
thick.  It  is  evident,  therefore,  that  Swansea  Vale,  in  the 
absence  of  Glacial  gravel,  would  form  an  inlet  of  the  sea  of  the 
same  character  as  the  Devon  and  Ck>mwall  estuaries. 

In  the  Loughor  Valley  there  is  a  specially  fine  example  of  a 
compound  gravel-ridge  sweeping  round  from  near  Llandilo 
Tal-y-ljoiit  Ciiiirch  by  Waun-gron.  and  thence  ngoin  northwards, 
so  ;is  to  present  a  convexity  to  the  soutli,  while  it  encloses  an 
alluvial  tiat  in  a  concavitytowards  the  north. 

Strite  on  rock  in  place  are  seldom  to  be  found  in  the  Coal- 
Measures  of  this  neighbourhood,  the  stiata  not  being  of  a 
character  to  retain  them,  but  some  may  be  seen  in  one  of  the 
Cwm  Bwrla  quarries,  100  yards  south-west  of  the  reservoir, 
The^  run  slightly  south  of  west,  parallel  to  the  Pennant  ridge, 
and  indicate  an  overflow  of  ico  from  Swansea  Valley  along  the 
route  now  followed  Iw  the  (Jreat  W'^'^tern  Railway.  In  the 
Dulais  Valley,  on  the  50U-feet  contour  south-east  of  Cwm- 
dulais,  there  are  stri®  pointing  rather  north  of  west,  and  nearly 
parallel  to  the  Dulais  Valley,  though  they  are  on  a  plateau, 
lliese  examples  serve  to  confirm  the  mference  drawn  from  other 
evidence,  that  the  Drift  had  a  strong  westerly  rather  than  a 
southerly  trend. 

Mr.  Tidde:\iax  reports  that  he  has  found  a  solitary  boulder 
of  Lias  limestone  in  the  Glacial  Drift  on  the  south-east;  point 
of  Caswell  Bay,  and  a  pebble  of  the  same  rock  in  the  rais«;i 
beach  about  150  yards  west  of  Bacon  Hole.  As  they  can  hardly 
have  been  derived  from  any  known  outlier  of  Liassic  rock,  he 
believes  that  they  may  point  to  the  late  survival  of  some  outlier 
in  the  neighbourhood. 

DUMBARTONSHIBE. 

Mr.  Cunning     While  completing  the  map  of  the  Loch  Lomond  district, 
liam  Craig.    Mr.  CuNNiNra? \m  (_'k a ig  has  made  a  more  detailed  examination 
of  the  deposits  containing  marine  shells,  lur  which  this  lake  has 
so  long  been  noted,  and  some  further  information  has  thus  been 
obtained. 

At  the  northern  extremity  of  Inch  Lonaig,  in  a  small  cliff, 
the  following  section  is  exposed : — 

1.  Soil   ..g  inches. 

2.  Busty  sand  (with  a  few  boaldere)  -     -  4  feet. 

3.  Boulder  clay  -      -      -      -  -      -  7„ 

4.  ij'ine  clays  and  silts  -      -  13  „ 

The  upper  surface  of  the  Boulder-clay  (3)  is  irregular,  as  if 
denuded  during  the  deposition  of  the  overl}dng  sands  (2).  The 
upper  layers  of  the  line  clays  and  silts  (4),  ar^  contorted,   It  is  iri 
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these  fine  clays  and  silts  that  the  marine  inulliisc^i  are  found,  Mr.  Cunning-^ 
several  horizons  ha\in^  yielded  fossils,  a  hne  purplish  clay  near  Craig, 
the  bottom  of  the  section  bemg  the  most  fossUiferous  band 

The  lower  part  of  the  section  is  much  obscured  by  talus  and 
boulders  wasned  out  of  the  Bouldcr-clay  abom  Thus  the 
alternating  series  of  fine  yellow  and  purple  and  grey  clays  and 
silts  is  usually  partly  masked.  The  Bouldor-clay  is  only  seen  in 
section  for  a  distance  ot  50  yards,  ns  the  clirt'  has  been  denuded 
to  a  lower  level ;  another  ser  tion,  however,  ahout  300  yards  to 
the  south-west,  shows  a  small  pipe  or  wedge  of  houlder  clay 
ambi^  the  manne  deposits. 

The  upper  limit  of  these  deposits  has  been  traced  at  distances 
Tairing  from  50  to  200  yards  inland,  and  is  found  to  coincide 
wita  Uie  100-feet  contour-line.  Seyeral  openings  were  made 
between  this  level  and  the  cliff  section,  ana  in  all  of  these  a 
yellow  unstratitied  sand  v.ns  rhsrlosed.  Hah^  a  mile  north  of 
Luss,  a  section  on  the  roadside  al)out  10  feet  above  lake-level 
shows  similar  alternations  of  stratitied  clay  and  silt,  but  beyond 
this  to  the  northward  no  signs  of  these  marine  deposits  liave 
been  detected.  This  additional  evidence  tends  to  confirm  the 
suggestion  put  forward  in  tlie  Summary  of  Progremiot  1899, 
p.  166,  that  these  marine  deposits  represent  the  100-feet  beach. 

It  is  evident  that  a  recnidescence  of  the  glaciation  has  taken 
place  while  these  stratitied  sands  and  clays  were  being  deposited 
at  some  little  distance  from  the  shore.  The  ice,  advancing  from 
the  northward,  pushed  a  tongue  of  Ijoidder  clay  over  the  marine 
deposits,  the  deposition  of  this  boulder  clay  eausing  the  con- 
tortion of  the  upper  layers  of  the  stratified  deposits.  The 
eitreme  fineness  of  the  material  of  which  these  silts  and  cla  \  .s 
are  formed,  recalls  the  "  rock-flour  "  derived  from  the  lixiviation  ol 
glacial  detritus  at  the  foot  of  a  glacier.  Subsequently,  when  , 
the  if'c  retreated,  the  upper  sandy  deposits  were  formed  upon 
the  denuded  surface  of  tlie  boulder  clay.  It  appears  ])robable 
that  at  the  time  these  marine  deposits  were  hcing  fonnrd  the 
narrower  part  of  Loch  Lomond  was  occupied  by  ice  as  far 
south  as  Roes,  point.  If  this  were  the  case,  a  comparatively 
small  advance  of  the  ice-front  would  bring  the  glacier  as 
fiur  south  as  Inch  Lonaig. 

Abotli^hire. 

In  the  Blackmount  region  smoothed,  ice- won i  surfaces  and  Mr.  Kynas* 
perched  blocks  iiave  been  traced  by  Mr.   Kynasrin  up  to  a***"* 
neiglit  of  about  2,500  feet.   Striated  surfaces,  however,  are  not 
seen,  owing  to  the  subsequent  weathering  of  the  rock.   The  later 

glaciers  of  the  north-eastern  part  of  the  Blackmount,  especially 
those  descending  from  Coire  and  the  eastern  side  of  the 
Clach  Lr^fithad  ranq-e,  spread  out  over  Rannoeli  Moor  in  a  general 
easterly  direction,  and  anion«^  the  ernitu'<  on  the  Moor  we  may 
now  recoci-nise  characteristic  types  of  the  volcanic  rocks  of  Meall- 
a-Bhuridh,  Srou  Creise,  &c.  The  morainic  material  occurs  for 
th^  tnost  part  as  scattered  mouuds  ajid  ridges,  divided  by  more 


140 


« 

FIELD-WOXK. 


Mr.  KyiMs*  or  less  level  tracts  of  peat-moss  and  alluvium  ;  but  wherever  the 
ground  rises,  as,  for  instance,  where  the  eranitic  mound  of  Beinn 
Chaorach,  west  of  Loch  B^i,  surmounts  tno  general  siurface  of  the 
moor,  or  on  the  slopes  north  of  Lochan  Mathair  Etive^  these 
mounds  become  thick  and  numerous,  and  contiguous  with  one 
anothe  r.  Many  of  the  granite  blocks  scattered  over  the  moor 
are  doubtless  erratics,  but  a  lai^  proportion  more  probably 
represent  j]frfinito  that  has  weathered  into  hiiL,'e  ang;nlar  blocks 
in  place.  The  moraine  mounds  of  the  lateral  rising  portions  of 
the  innr)r  resemble  those  referable  to  the  valley-glaciers,  well 
seen  in  mauy  of  the  glens.  Occasionally  a  mure  hi^h-level  type 
of  morainic  material  makes  its  appearance,  consistmg  as  a  nue 
of  finer  material,  and  forming  lolativelj  lower  moxmds,  which 
somewhat  resemble  in  shape  inverted  saucers.  These  occupy 
elevated  tracts  and  gentle  slopes,  and  are  well  seen  between  tne 
ridge  of  Craig  Dubh,  two  miles  8.S.E.  of  Kingshouse,  and  the 
lower  crags  of  Meall-a-Bhuridli,  ^vlle^e  th(n*  fovcr  a  tract  between 
2,000  ana  2,400  feet  abov(i  sea-level.  In  the  bum  sections  the 
loose  material  is  sometimes  excavated  to  a  depth  of  at  least 
20  feet  Similar  glacial  material  has  also  been  observed,  at  a 
less  elevation,  on  some  of  the  hills  on  the  west  side  of  Glen. 
Orchy. 

The  portion  of  the  Moor  of  Rannoch,  lying  west  of  the  head  of 
Loch  Laidon,  is  divided  roughly  into  northerly  and  southerly 
portions  V)v  the  broad  ridge  or  Beinn  rbaorach.  The  flatter 
tracts  on  either  side  are  occupied  by  numerous  lochs  and  lochans, 
and  these,  judging  from  the  distrilnition  of  the  alluvial  material 
have  evidently  undergone,  and  are  still  undergoing,  extensive 
silting  up,  ana  many  were  evidently  formerlv  connected  to  form 
larger  sheets  of  water.  To  the  north  of  Beinn  Chaorach  the 
moor  rises  slightly  and  almost  imperceptibly  between  Lochan 
Mathair  Etive  (Loch  Mother  of  Etive)  and  the  Sandy  Loch  (or 
Lochan  Gaineamhach),  the  wjiters  on  the  one  si(ie  flowing  to  the 
west  coast  down  Glen  Etive,  those  on  the  other  side  to  Loch 
Laidon,  Loch  Rannoch,  and  finally  to  the  east  coast. 

Occasionally  the  uiorainic  mounds  on  the  moor  assume  the 
form  of  a  low  ridge  which  may  be  traced  in  an  almost  direct 
line  for  some  dutance.    One  such  ridg»  in»y  be  foUo»ed  for 

about  2  miles  from  the  west  side  of  the  Dubh  Lochan  in  a 
direction  slightly  west  of  north  to  th(^  rix  er  Etive.  Possibly  this 
may  mark  a  terminal  moraine  of  the  Blackmount  glacier. 

Around  the  shores  of  Ix>ch  ('reran,  and  in  the  lower  part 
of  Glen  Creran,  morainic  material  in  any  quantity  is 
entirely  absent.  The  bare  rock  is  almost  everywhere  at,  or  close 
to,  the  surfiEu;e,  and  is  polished  and  striated,  the  striae  being 
directed,  in  every  case  observed,  down  the  glen.  In  the  lower 
part  of  the  glen,  and  on  the  hill-slopes  of  the  north-west  side  of 
the  loch,  erratics  of  kentallenite  and  a  coarse  augite-diorite  are 
exceedingly  common,  and  often  of  largo  size;  but  neither  ot 
these  roclvs  has  as  yet  been  found  in  place  in  Glen  Creran  area. 
Mr.  Symes.  In  the  district  to  the  south  of  Onan  Mr.  Symes  has  found 
boulders  oi  granite  from  the  Ben  Cruachau  mass  scattered  on 
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all  the  islands,  but  none  like  the  granite  ot  Kiimehbrt.  Around  Mr.  Symc^ 
bcumadale  Loch,  seven  miles  south  of  Oban,  the  striai  on  the  north 
side  of  the  glen  run  in  a  N.  W.  and  S.E.  and  also  in  an  £.  and  W. 
direction,  mich  is  wholly  exceptional  in  this  district^  where  the 
general  glacial  movement  over  a  very  considerable  area  was 
steadily  &mN.  20  £.  to  S.  20  W.  The  anomaly  is  probably  to  be 
accoimted  for  by  the  different  flow  of  the  later  glsuiiation,  when 
the  great  arms  of* the  glacier  followed  the  lines  of  valley.  At 
the  head  of  the '  valley  S.  of  Glen  Feochan,  four  miles  ^m 
Oban,  the  strijc  coincide  with  the  direction  of  the  glen,  which 
trends  ^i.  27  W.  They  were  presumably  produced  by  a  branch 
from  the  main  ice-sheet 

The  older  raised  beaches  of  the  West  of  Scotland,  which  form 
part  of  the  records  of  the  Ice  Age,  are  w  oW.  developed  in  the 
Oban  district.  The  terrace  of  the  50-feet  beach  was  traced  by 
^[r  Symfs  last  year  round  the  islands  of  Luing  and  Torsay,  and 
on  iMluaii  Gamhna  at  thn  month  of  Loch  ^Telfort. 

The  glaciation  of  the  north  end  of  the  island  of  Jura  was  Mr.  FeMh. 
Studied  last  year  by  Mr.  Teach,  lie  found  that  the  stri.e  on 
the  highest  cols  and  crests  overlooking  the  west  coast  point  to 
the  movement  of  ice  across  this  part  of  the  island  from 
to  WJf.W.  They  are  specially  conspicuous  on  the  ridge 
between  Grianan  Mor  and  Sen  Garrisdale  at  heights  up  to  over 
800  feet.   They  probably  belong  to  the  period  of  maximum 

flaciatioii  Nests  of  Boulde  r  clnv  are  found  in  the  liollow?? 
etwecn  the  hills,  usually  beneath  a  coating  of  peat.  There  is 
abundant  evidence  that,  after  the  maximum  glaciation,  even  the 
small  glens  in  this  part  of  the  island  nursed  glaciers,  seeing 
that  almost  every  glen  has  its  grou^  of  moraines.  Some  of  the 
moraines  reached  the  sea-level  dunng  the  period  before  the 
elevation  of  the  100-feet  beach,  for  near  the  foot  of  Allt  na 
Conaire  moraines  merge  into  the  material  of  that  beach. 

A  well-defined  terrace  of  the  100-feet  beach  may  be  seen  near 
the  foot  of  (rlen  Garrisdak?.  Along  the  part  of  the  shore 
mapped  by  Mr.  Peach  the  raised  beaches  are  chiefly  repre- 
sented by  rock-notches  (or  Seter  of  the  Scandinavian  geologists), 
which  correspond  to  the  100-feet,  50-feet,  and  25-feet  beaches 
respectively.  The  platform  of  the  50-feet  beach  is  perhaps  the 
most  conspicuous,  being  generally  bounded  by  fine  precipices 
pierced  by  caves,  manj^  (n  which  show  signs  of  having  hoea 
mhabited  at  various  periods  down  to  the  present  time,  when  they 
are  taken  advantage  of  chiefly  by  lobster-fishers.  The  rock- 
notches  are  generally  bare,  but  sometimes  they  show  a  coating  of 
the  old  shingle. 

Inverness-shibe. 

Over  the  low-lnng  tract  that  stretches  from  Loch  Duntel-  Mr,  Hona 
ehaig  by  Tordarroch  and  Wester  Lairgs  to  Beinn  a'  Bheurlaich, 

south  of  Daviot,  evidence  has  been  obtained  by  AIr.  IIokn'e  which 
points  to  the  north-easterly  movement  of  the  ice  sheet  as  it 
streamed  outwards  from  the  Great  Glen — a  conclusion  already 
established  by  the  observations  of  Mr.  FHAb£u  and  Mb.  Waixacje 
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Mr.  Home,  of  Inverness.  Strim  arc  rarely  found  on  the  \veathered  surfaces 
of  the  mus€OMLc-l)i()titc-gnciiis,  though  the  trend  of  the  rorhe^s 
•  Ttwulan tides  indicaies  with  sufficient  clearness  the  direction  of 
'  the  ioe>flov.  But  on  the  finely-polished  y&hb  of  quartz  or 
pagtDAtite,  ioe-markings  are  frequently  preserved.  West  of 
Tordarroch,  the  strife  point  N.  4""  E. ;  on  all  More  e;ist  of 
Farr  school-house,  E.  20°--33°  N.  and  N.  20^^  E. ;  and  on  Oreagan 
Bad  Each,  one  mile  east  of  Wester  Lairgs,  N.  25°  E. 

East  of  this  line  of  movement,  near  the  watershed  between 
the  Xairn  and  the  Findliorn,  conclusive  evidence  has  been 
obtained  of  the  northerly  How  of  the  ice  that  radiated  from  the 
lofty  plateau  at  the  head  of  the  Findhom.  On  Beinn  nan 
Cailleach — a  hill  about  three  miles  south-west  of  Moy  Hall — 
'  the  quartz-schists  on  the  north-west  slope,  between  the  1,500- 
feet  and  1,750-feet  contour  lines,  are  finely  glaciated.  Stiiie  are 
readily  found,  and  they  point  in  one  uniform  direction — 
N.  12°-21°  W.  Along  the  western  margin  of  the  high 
ground,  between  Meall  More  and  Cretigan  Bad  Each  alreany 
referred  to,  several  uistances  of  cross-hatches  have  been  observed, 
where  the  striae  point  RN.E.  and  N.N.W.  The  north-easterly 
movement  of  the  ice  in  Upper  Strath  Nairn  is  further  provea 
by  the  transport  of  boulders,  notably  of  musoovite-biotite-gneiss 
and  of  different  types  of  Old  Red  Conglomerate. 

Boulder-clay  is  extensively  developed  on  both  sides  of  the 
watershed  between  the  Nairn  and  the  Findhom,  as,  for  example, 
in  the  T^isge  Dubh  ( Black  Water)  above  Farr  House ;  in  the 
streams  tlraii^iug  the  north  slope  ot  Beinn  nan  Cailleach  and  in 
the  various  tributaries  of  the  Fmdhom  near  Tomatin.  A  notable 
feature  of  the  boulder-clay  8ecti<Mi8  west  of  Tomatin  is  the 
presence  of  well-striated  blocks  of  Old  Bed  Sandstone,  pointing 
to  the  existence  of  an  outlier  of  that  formation  at  no  great 
distance. 

Another  interesting  development  of  the  Drift  deposits  in  Strath 
Nairn  is  tln'  morainic  gravels  on  the  east  side  of  the  valley  near 
Faillie,  where  they  form  a  remarkable  series  of  parallel  ridges, 
traceable  for  upwards  of  a  mile,  and  enclosing  locuans  or  basins 
of  ^eat.  They  are  strewn  with  boulders  of  muscovite-biotito- 
gneiss.  granite,  and  Old  Red  Conflflomerate. 
Mr.  Cloogh.  In  the  tract  of  wastem  Inverness-shire  around  Loch  Houm, 
manped  last  year  by  Mr.  Clouoh,  the  glacial  deposits  were  found 
by  nnn  to  consist  chiefly  of  mominic  material  and  boulder-clay. 
Tne  latter,  usually  of  a  brownish  colour,  is  found  far  up  the 
mountain  corries.  as  well  as  at  lower  levels.  No  stones  foreign  to 
the  area  surveyed  have  been  noticed  either  in  it  or  in  the  morainic 
detritus. 

Kear  the  top  of  I^dhar  Bheinn  (3,343  feet),  on  the  south  side 
of  Loch  Uoum,  at  heights  above  2,800  or  2,900  feet,  sharp  ridges 
of  considerably  weatnered  ro(  k  project  at  the  surtace,  and 
fmesexii  no  smoothed,  distinctly -glaciated  contours.    In  the  high 

region  no  pieces  of  rock  were  found  which  could  not  have  been 
derived  from  localities  close  by.  There  are  no  boulders  of 
pegmatite,  nor  of  siHceous  schist  like  that  in  »itu  oyer  a  laige 
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area  a  tew  inilcj?  to  the  eaxSt.  A  deposit,  consist in<^'  chietly  of  Mr.  Clough. 
somewhat  angular  slabs  oi  iho  local  schist,  sprea(U»,  huwevor, 
over  a  conu&rable  extent  of  ground  to  the  west  and  south  of 
the  hill  top,  and  reaches  nearly  to  the  hvhest  point  This 
deposit  somewhat  resembles  the  acree-materi^,  but  the  inchna- 
tion  of  its  surface  is  in  many  places  qui  to  ^'entle. 

Near  the  top  of  Beinn  na  Ciiillich  (2,57:i  foot)  the  drift  is  also 
of  a  local  character  and  chicHy  coniposed  ot  slabs  of  siliceous 
schist.  No  pieces  of  the  Lad  liar  Rhoinn  schists  were  noticed, 
though  these  rocks  cover  a  ^roat  area  less  than  two  miles  to  the 
east  and  south-east.  Ou  tne  lower  ground  around  Beinn  na 
CaiUiiUi,  however,  boulders  of  the  Ladhar  Bheinn  schists, 
including  many  pieces  of  the  peculiar  rock  with  hornblende  and 
zoisite,  are  common,  and  those  which  are  found  in  some  locidities 
must  have  been  carried  in  a  north-westerly  direction. 

In  the  Croulin  valley,  whirh  descends  from  Beinn  na  Caillirh, 
near  the  mouth  of  Loch  Hourn,  two  rathor  extensive  strati  tied 
depu.^ils,  probably  of  gla<:iai  age,  have  l>een  observed.  One  uf 
them  forms  a  terrace,  or  a  series  uf  minor  terraces,  between  the 
300-feet  and  the  400-feet  contours.  Few  seetiona  of  it  are  to  be 
seen,  but  the  stratification  in  some  {jktces  is  nearly  horizontal 
Perhaps  this  material  was  laid  down  in  W^ter  that  was  dammed 
back  by  an  ioe-barrier  a  little  lower  down  the  valley.  Another 
deposit  of  a  moro  finely  bedded  character,  exposed  in  an  excellent 
section  on  the  E.  side  of  Croulin  bum,  between  the  ^oo  feet  and 
900-fcct  contours,  is  80  or  90  feet  thick,  and  is  composed  of 
bands  ot  laminated  stoueless  clay  and  sand,  with  other  bands  con- 
taining boulders.  The  stoneless  bands,  at  least  nine  in  number, 
vary  in  thickness  from  1  to  12  feet.  The  bedding  is  nearly  hori- 
zontal, but  the  minor  lamixue  which  compose  some  of  the  beds 
are  contorted.  The  slope  of  the  valley  in  which  this  deposit  lies 
is  steep,  and  towards  the  north. 

The  part  of  Barrisdale  glen  above  Amltrnii^h  affords  a  good 
example  of  a  U-shaped  vallev,  which  has  been  but  little  altered 
since  the  last  glaciation.    It  contains  hardly  any  alluvium,  a 

Seat  part  of  its  floor  being  formed  of  smoothed  glaciated  rock, 
le  side  streams  have  not  cut  deep  channels,  but  descend  in 
many  places  over  smooth  rock  ledges. 

Li  tne  course  of  Mr.  Hauker's  further  investigations  in  the  Mr.  Barker. 
Isle  of  Skye  and  the  neighbouring  smaller  islands,  he  has  been 
able  to  confirm  and  ext<}nd  his  previous  conclusions*  relative  to 
the  glaciation  of  that  area.  He  has  already  pointed  out  that,  wliilo 
the  south-eastern  part  of  Skye  as  as  over-riaden  by  the  ice-sheet 
from  the  Scottish  mumiand,  the  glaciation  of  the  central  part  of 
the  island  has  been  due  wholly  to  a  local  ice-cap  covering  the 
mountain-district  At  the  same  time  the  natural  radiate  out- 
flow from  this  local  centre  was  greatly  modified  by  the  pressure 
of  foreign  ice  on  that  half  of  the  circumference  facing  the  main- 
land,  the  flow  bein^  diverted  westwards  round  the  northern  and 
southern  borders  ot  the  central  mountain  district.   On  the  north 
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Me.  Hftrker.  side  the  line  along  which  the  native  and  foreign  ioe  inarched 
together  followed  very  nearly  the  coast-line  of  Skve,  trending 
first  N. W.  and  then  more  nearly  N.  The  Isle  of  Scalpay,  though 
divided  from  Skye  only  by  a  narrow  sound,  thus  comes  to  show 
oonsiderahle  diiierence,  exhibiting  the  phenomena  of  a  district 
over-ridden  by  foreign  ice.  The  glacial  striiu  follow  there  a  general 
direction  without  much  regard  to  the  form  of  the  ground.  There 
is  no  "  kettle-moraine,"  and  the  drift  is  never  thick  except  in  a  few 
sheltered  places.  Foreign  boulders  occur,  though  sparingly,  at 
all  altitudes,  iiiiitead  of  being  limited  to  near  the  sea-ievel,  a^s  is 
the  ease  on  the  Skye  side  of  Uie  Sound. 

It  was  pointed  out  in  1898*  how  the  westward  diversion  of  the 
great  ice-stream  from  Glen  Sligachan  was  clearly  proved  by 
following  the  course  of  its  mid-streamline,  indicated  by  the  prc- 
pondoranco  of  granite  boulders  in  the  drift  on  the  right  and 
of  gabbro  on  the  left ;  and  ihis  line  was  shown  to  curve  westward 
at  Sligachan,  and  run  for  several  miles  near  the  higli-road.  It 
does  not,  however,  run  on,  as  might  bo  expected,  to  Loch  Harport 
and  so  to  the  sea;  but  before  reaching  Drynoch  Lodge  turns 
S.W.  and  S.,  and  eventually  finds  an  outlet  in  Loch  £ynort, 
having  thus  described  a  semi-ciiole  from  Sligachan.  Granite 
boulders  from  the  Red  Hills  are  abimdant  in  the  drift  of  Glen 
E}Tiort,  with  a  much  smaller  proportion  of  gabbro.  Farther  N. 
and  N.W.  the  latter  rock  is  not  found,  but  granite  continues  to 
be  abundant,  and  erratics  of  it  occur  at  all  altitudes,  e.^.,  on  the 
summit  of  Preshal  Beg  (1,1  GO  feet),  near  Tahsker. 

The  left  wing  of  the  Glen  Sligachan  ice-stream  found  its  way 
by  Boaladbi  a'  fiHiaun  (1,150  feet)  into  the  upper  part  <Kf  Glen 
Brittle^  where  a  few  granite  boulders  are  still  found  among  the 
much  more  abundant  basalts  and  gabbroa  Between  here  and 
the  moimtains  must  therefore  have  been  pent  in  the  whole  of 
the  ice  from  the  northern  and  north-western  sides  of  the  Cuillins. 
The  southern  part  of  the  district  affords  quite  similar  evidence, 
attesting  the  great  volume  of  the  interior  as  compared  with  the 
exterior  ice-drainage.  Only  at  r,  later  stage,  when  both  the 
Scottish  and  the  insular  ioe  had  greatly  shrunk,  did  the  flow 
from  the  Skye  mountains  approximate  to  a  radiating  disposition. 

Boss-shirs. 

Mr.  PoMh.  ^^^^^  filarial  phenomena  observed  in  the  district  of  Eastern 
Ilobs -iliiiu,  mapped  last  year  by  Mii.  I'eacu,  are  regarded  by  him 
as  nearly  all  attributable  to  the  later  glaciation.  At  one  part  of 
that  period  the  glacier  which  flowed  down  the  Blackwater  seems 
to  have  been  so  powerful  as  to  overlaid  the  highest  watersheds 
between  that  valley  and  the  streams  flowing  into  Loch  Luichart 
and  the  Blackwater  itself  near  Garve ;  for  strite  running  S.E., 
and  E.S.E.,  occur  on  the  crests  of  Meall  na  Speirag  at  ;i  bcinr]it  of. 
more  than  2,000  feet,  and  on  Bcinn  Liath  Beg,  1,967  ieei,  both 
of  these  elevations  rising  upwards  of  1,200  feet  above  the  bottom 
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of  the  valley.  Apfain  on  Cairn  na  Dubli  Coille,  1,750  fe<  »  \v1iich  Mr,  FaMh 
overlooks  the  valley  near  its  i]!Tcat  bend  to  the  south,  and  rises 
more  than  1,200  feet  above  tho  valley,  tho  striffi  run  rit^ht 
across  the  top,  while  the  whole  ridgo  and  sides  of  the  mountain 
are  strewn  with  hu^e  blocks  of  augen-^neiss,  many  of  them  * 
aevernl  tons  in  weimt.  The  hill  itSolf  is  buiit  up  of  **  Moine 
Schifltv"  wldle  the  blocks  ate  deriyed  from  the  ai^n-gneiss  mass 
which  occupies  much  lower  ground  to  the  north  and  west 
Perhaps  tho  most  striking  feature  of  the  whole  region  is  the 
remarKable  proof  supplied  by  tho  distribution  of  tho  blocks  of 
augen-f^neiss  as  to  the  direction  of  movement  of  the  ice 
during  tho  later  glaciation.  Immediately  beyond  the  western 
junction  line  between  the  schists  and  the  augcn-gneiss,  boulders 
of  the  latter  rock  seem  to  make  np  most  oi  the  moiaine-stuE 
This  preponderance  is  probably  attributable  to  the  large  size 
of  the  blocks  into  which  the  augen-gneiss  breaks  compared  with 
those  of  the  schist ;  at  any  rate  the  augen-gneiss  boulders  are 
by  far  the  most  conspicuous  constituents  of  tne  moraine  heaps 
Another  item  of  evidence  is  thus  afforded  m  favour  of  tlio  idea 
that  a  groat  ixii  t  of  the  moraines  found  on  Highland  moors  and 
tliiL-bottomea  valleys  represent  material  that  was  borne  forward 
either  within  the  ice  or  beneath  it,  since  nowhere  in  the 
Talley  does  the  augen-gneiss  rise  into  any  conspicuous  crag 
above  the  general  level  of  the  ^ound.  That  the  movement  has 
been  generally  down  the  vaUey  admits  of  no  doubt,  for,  as 
already  .stated,  from  tlio  area  of  the  augcn-gneiss  innumerable 
boulders  of  that  material  can  be  followed  as  a  trail  ricjlit  across 
the  low  ground  and  tho  Cromarty  Firth  into  the  Bl-e-k 

A  few  small  boulders  of  augen-gneiss  were  iouud  in  the 
moraine-stuff  to  the  west  of  Alt  Guid,  and  even  as  far  as  Glas- 
gamich,  while  Mr.  Gunn  has  found  them  to  occur  within  the 
waterflhed  of  the  Broom,  still  further  to  the  west.f  These  may 
have  been  originally  borne  westwards  by  the  ice  during  the 
period  of  maximum  glaciation,  and  redistributed  by  the  glaciers 
of  the  later  p^ljieijition.  It  has  been  shown  that  to  the  north 
of  the  area  in  question,  tho  ico-shed  during  the  period  of  maxi- 
mum glaciation  lay  far  to  the  east  of  the  present  watershed.  If 
this  is  the  explanation  of  the  apparcntiy  anomalous  disposition 
of  these  boulders,  they  aSoid  the  only  evidence  of  the  earlier  or 
mairimum  glaciation  m  the  area. 

The  glacial  phenomena  in  the  higher  parts  of  Strathconon  and 
its  tributary  valleys  have  been  found  to  be  not  so  striking  as 
those  displayed  whore  the  valleys  debouch  on  the  low  groimd, 
as  was  described  in  the  last  Summan/  of  Progress.  The  striie 
found  on  tiio  ridge  immediately  nortli  of  Strathconon  indicate  a 
south-easterly  movement  of  the  ice  across  the  ground  between 
Strath  Bran  and  Strathconon,  but  on  passing  into  the  latter 
glen  they  are  deflected  to  the  eastward,  and  follow  the  trend  of 
the  Yalley. 


*  Swnmary  ^  Pr<>gm»  for  18d6|  pp.  17&-177. 
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Mr.  i'etwdi.  Vory  lamo  perched  uiaiiiiOji  of  schist,  gneiiia,  and  amphiboiiid 
are  n^ot  with  at  hoights  of  upwards  of  2,000  feet  on  the  water- 
shed between  StcatEconon  and  Glen  Ornn.  These  indicate  an 
earher  movement  of  the  ice  across  the  present  vaUey-system. 
«  To  this  phase  must  also  bo  assigned  the  thick  deposit  of  hard 
grey  till  found  on  the  higher  hill  slopes  above  the  limits  of  the 
morainic  deposit,  and  even  passing  over  cols  nearly  2,000  feet 
in  heoghU 

Gatthkessl 

Messrs.  During  the  progress  of  the  mapping  in  Caithness,  attention 

C***'*u2l  ^  ^  given  to  the  remarkably  interesting  glacial  deposits 
of  this  oounty.  The  lowest  and  oldest  of  these  deposits  has 
been  found  in  the  area  surveyed  last  year  by  Mr.  Peach  and 
Mr.  Crampton,  to  he  a  compaot,  hard,  sandy,  dark  till  with 
well-glaciated  boulders,  a  liir<^e  proportion  of  which  arc  forcij^n 
to  Caithness.  This  till,  well-known  as  the  Caithness  shelly 
Boulder-clay,  is  specially  characterised  by  its  abundant  marine 
shells.  These  for  the  most  part  are  so  much  shattered  and 
glaciated  that  theycan  only  be  regarded  as  part  of  the  trans- 
ported material  The  denosit  is  found  in  the  hoUowB  over  the 
whole  area  mapped,  ana  often  attains  a  considerable  depth. 
The  latest  observations  of  the  Qeological  Survey  confirm  the 
conclusions  arrived  at  l)y  previous  observers,*  that  the  Caith- 
ness till  was  formed  by  land-ice,  which,  after  traversing  what 
is  now  the  Moray  Firth,  crossed  the  plain  of  Caithness,  in  a 
direction  locally  varjring  from  W.N.W.  to  N.W.  Numerous 
instanoes  of  strise  were  noted  last  year  having  this  general 
direction,  and  boulders  of  the  "  Sardet  Conglomerate,"  a  local 
rock,  and  the  augen-gneiss  of  Inchbae,  in  Boss-shire,  were  traced 
across  the  area  in  trains  having  the  same  average  trend. 
Boulders  of  fossihferous  secondary  rocks  like  those  of  the  .Moray 
Firth  Basin,  and  numerous  .shell  fragments  were  obtained,  but 
none  new  to  the  lists  already  rc(  orded.-|- 

Overlying  the  shelly  lM>ul<ler-Clay  where  it  occurs  and 
overlapping  from  it  on  the  flagstones,  there  appears  in  the 
eastern  part  of  the  area  a  glacial  deposit  which  vanes  in  colour 
and  in  contents  accordmg  to  the  local  changes  in  the  flagstonoB. 
The  interstitial  clay  between  the  stones  is  not  well  compacted, 
and  the  included  blocks,  generally  larger  than  in  the  older 
deposit,  and  mostly  of  local  derivation,  are  often  unglaciated  and 
arranged  more  or  less  in  hues.  Sometimes  the  deposit  is  a  peU- 
mell  accumulation  of  flagstone  fragments  with  little  or  no 
enveloping  matrix.  Where  the  deposit  rests  on  the  shelly 
Bouldo^diiy  the  latter  usually  exhibits  an  eroded  surfisice,  and 
in  oestain  areas  a  deponit  of  sand  and  gravel  intervenes.  Shell- 
fragments  and  foreign  boulders,  sometimes  £ound  in  the  lowsr 

"  These  observations  are  summarised  in  a  paper  read  by  Messrs. 
Peach  &,  HoaKS,  Froc,  Eoy.  Fhys,  Soc^  £kiin.,  toI  tl  (1881), 
pp.  316-352.  ' 

t  Loe,      pp.  839-343. 
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Uyers  of  tho  newer  deposit,  arc  evidently  derived  from  the  older.  Meaan 
Where  this   type  of^  material  appears,  moraine-moimds  also  ■^^'^ 
present  thein.selves  in  such  an  arrangement  as  to  show  that  the  ^'*™P**"*' 
ice  which  produced  tliem  radiated  from  cortaiu  local  centres 
within  the  oountj.  In  the  eestem  pftrt  of  the  are*  a  eomhined 
glacier  emanating  bom  the  valley  of  the  Riirer  Wkk  and  ihe 
Master  Bum  seems  to  have  reached  the  sea  in  the  neiglkhourhood 
of  Wick  and  Sinclair's  Bay,  leaving  the  low  ground  studded  with 
its  moraines  and  kames  of  retreat.    It  has  also  ha^l  a  consider- 
able mliiience  in  determining  tho  course  of  the  itiver  Wick,  for 
it  made  the  water  to  How  roimd  the  end  of  the  ice  during  a 
pause  m  its  retreat,  so  that  the  present  small  gorge  through 
which  the  xiTer  flows  about  H  mile  above  Wick  is  cut  on  the  hul* 
side  instead  of  across  a  lower  elevation  a  little  to  the  south.  This 

f lacier  has  dmilarly  alfccted  the  course  of  the  river  between 
Hlbster  and  Watten,  while  the  Lochs  of  Watten,  Windlass, 
and  Kilminster  seem  to  lie  in  hollows  dammed  up  by  its 
moraines. 

In  the  western  part  of  the  area  moraines  were  observed  in 
such  ^bitions  as  to  indicate  two  local  glacier-centres.  One  of 
these  IS  Spittal  Hill,  577  feet  high,  a  Httlo  more  than  2  miles 
S.S.E.  £rom  Geoi^emas  Junction.  Three  hoUows  that  hardly 
deserve  the  name  of  valleys  radiate  from  this  hill.  In  the  one 
opening  to  the  north-west  a  scries  of  rampart-like  moraines 
crosses  the  main  road  near  Milton  Park  or  iiaumskirk  House. 
Across  the  hollow  that  trends  to  the  north-east  a  fine  collection 
of  tcni\inal  moraines  is  nrrunged  concentrically.  These  are  well 
seen  from  the  main  road  between  the  Old  Hall  of  Dunn  and  the 
road  leading  down  to  Bower  Station.  Good  sections  of  these 
mounds  have  been  laid  open  in  quanies  near  the  Smithy  of 
Dunn.  Near  Achnamoin,  across  tne  hollow  that  opens  to  the 
south,  morames  again  occur. 

Another  local  centre  further  to  tlic  north  is  formed  by  the 
Olrig  Hill,  which  rises  to  a  height  of  4G3  feet  as  a  wide  elevation 
about  four  nnles  long  from  north  to  south,  and  3  miles  broad. 
That  this  comparatively  low  hill  has  actually  nourished  glaciers  in 
seven  valleys  tliat  radiate  from  it,  seems  to  be  proved  by  the 
moraines^  often  concentiioally  arranged,  which  are  found  at  the 
mouths  of  these  vaOeys. 

A  sufficiently  large  area  of  Caithness  has  not  yet  been 
mapped  to  show  the  extent  of  this  local  glaciation,  for  the 
phenomena  here  reported  are  mostly  attributable  to  the  period 
of  slirinkage  of  the  ice.  That  the  local  glaciers  extended 
further  seaward  than  the  present  coast  is  proved  by  the 
occurrence  of  their  deposits  in  isolated  positions  on  the  top  of 
saa  stacks,  both  near  Wick  and  on  the  coast  between  Noss 
Head  and  Ackergill 
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As  a  rule  little  opportunity  is  afforded  by  the  Beoent  Deposits 
to  chroniole  new  facts  of  general  interest    The  following^  brief 

notices  may  serve  to  show  the  general  nature  of  the  observations 
made  during  the  past  year.  They  refer  to  such  formations  as 
Head,  Blo¥m  sand,  Biver  alluvia,  Baised  beaches,  and  Peat* 
mosses. 

Cornwall. 

Considerable  interest  attaches  to  the  deposit  known  as 
**  Head,"  which  overlies  the  various  formations  in  the  southern 
non-glaciated  tracts  of  England.  It  is  local  in  orig^,  and 
probably  represents  the  subafirial  disintegration  of  underljnbo^ 

Mr.  and  surrounding  rocks  during  a  protracted  geological  period. 

Wilktnvm.  In  the  district  of  south-western  Cornwall  mapped  last  year  by 
Mr.  Wilkixsox,  Head  is  found  at  intervals  round  the  coast, 
generally  banL,nng  on  to  the  rliffs.  It  frequently  rests  on  a  thin 
layer  of  stratified  sand  and  gravel  possibly  belontring  to  an 
eiirlier  raised  beach.  It  is  well  developed  to  tlie  east  of 
Marazion,  where  it  forms  a  oUif  about  40  ft  nigh.  The  stones  in 
this  deposit  are  angular  and  sub-ai^lar,  and  are  arranged 
more  or  less  horizontally.  They  consist  chiefly  of  the  rocks  on 
which  the  Head  rests,  ^^^ore  the  underlying  material  is  slate 
(Killas)  the  fragments  of  it  are  arranged  in  somewhat  parallel 
lines,  so  as  to  give  the  appearance  of  stratirication,  massive  ]>lo(  ks 
of  granite  or  greenstone  occur  wlien  either  or  both  these  rocks 
are  in  place  close  at  hand,  and  Lliey  are  grouped  m  the  same  way. 
The  matrix  of  the  Head  is  a  tough  clay. 

In  the  tract  of  southern  coast-line  recently  mapped  by  Mb. 
Wilkinson,  no  large  spaces  of  the  present  surface  are  occupied 
by  raised  beaches.  Occasionally,  as  just  mentioned,  the  few  feet 
of  stratified  material  which  appears  from  imder  the  head,  may 
be  upraised  mnnne  alluvium,  and  may  sometimes  extend  for  a 
short  diBtance  inland  imdor  the  younger  deposit.  Other  traces 
of  raised  beaches  may  be  detected  in  crevices  of  the  rocky  clitls. 
The  tract  between  Chyandour  and  Maniziun,  north  of  the  rail- 
way line,  is  covered  by  a  deposit  of  aUuvium,  under  whidi  a 
foot  or  two  below  the  surfiice^  the  old  sea-sand  deposits  are 
found. 

Western  Inverkess-shirb  and  Boss-shire. 

Mr.  CloDgh.     In  the  tract  between  Loch  Puich  and  Loch  Houm,  mapped 
last  year,  Mr.  Clouoh  found  portions  of  the  20-feet  raised  beadh 

at  frecjuent  intervals  along  the  coast,  but  met  with  no  remains  of 
the  higher  beaches  in  that  district.  Gleann  Ghuserein,  below 
Easan  Bhuidhe,  displays  extensive  sand  and  gravel  flats, 
separated  by  morainic  banks  and  mounds.  The  margins  of  the 
flats  sometimes  run  for  considerable  distances  almost  at  right 
angles  to  the  ziTor,  and  perhaps  in  most  parts  they  represent^ 
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not  lines  of  erosion,  but  sides  of  hollo wh  which  previously  Mr.  Cloo^b. 
existed  on  the  uneven  morainic  surfiace,  and  wMdh  nave  now 
been  filled  vith  river-bome  materiaL 

At  Domie,  on  Loch  Duieh,  at  the  back  of  the  20-feet  raised 
beach,  a  deposit  of  sand  and  gravel  may  perhaps  rc^csent  the 
100-feet  beach,  though  the  surface  is  now  uneven.  Further  up 
Loch  Lon^^  besides  the  '2()-f<H-t  beach,  another  terrace  appears 
^vith  its  top  about  the  50-teet  contour  line.  In  Bundalloch  Glen 
a  line  series  of  gravel  terraces  slope  nearly  with  the  stream  ;  at 
the  foot  of  the  glen  the  level  oi  the  highest  terrace  is  about 
100  feet 

Caithness. 

In  their  survey  last  year  Messrs.  Peach  and  Crampton  con-  Iff®™- 
firmed  the  observation  already  made  as  to  the  a}>sence  of  raised  fff^jS^. 
beaches  in  Caithness  tnough  these  terraces  are  so 
abundant  in  the  next  counties  to  the  south.  Yet  the  conligura- 
tion  of  the  cotmt  is  eminently  favourable  both  for  their  formation 
and  preservation.  The  only  marine  alluvium  met  with  last  year 
is  that  of  the  present  beach,  the  widest  expanse  of  which  occurs 
m  Sindaii^s  Bay. 

Terraces  of  alluvium  were  mapped  along  the  larger  river 
courses.  Agricultural  operations  nave  been  carried  to  such  an 
extent  that  most  of  the  smaller  streams  are  either  cut  straight, 
and  are  now  rnnning  in  ditches,  or  in  underground  drains,  so 
that  many  snialler  patehej?  of  alluvium  are  not  now  ea.siiy 
detected.  On  the  sites  of  several  fresh  water  loclyi,  which  have 
been  either  partially  or  wholly  diained  for  shell-marl,  consider- 
able areas  of  alluvium  have  been  laid  bare.  The  Loch  of 
Scarmclate  has  been  partially  drained,  also  the  Lochs  of 
Kilminster  and  Windlass.  An  old  lake  once  situated  to  the 
north  of  Corsback  Hill,  in  the  same  i\eiir!i)M>iirhood  as  Loch 
Scarmclate,  is  now  represented  by  a  wiiie  sliect  of  alluvium. 
Another  example,  a  little  al)ove  an  acre  in  extent,  near  the  farm 
of  Borgie  about  a  mile  JhlN.E.  of  Wattun,  which  was  (.Uuined  for 
shell->marl,  yielded  skulls  of  Boa  ImxgifvaM. 

Peat  has  been  once  much  more  generally  spread  across  the 
county  than  now.  L  i  l:  peat-mosses  have  been  removed  by 
cultivation  aiMi  ioss  fiiel  The  most  extensive  tracts  mapped  last 
year  are  the  mosses  of  Kilminster,  North  Watten,  and  Bilbster. 
The  peat  seems  to  be  made  up  of  the  same  species  of  plants  as 
now  live  on  the  surface.  Birch  and  hazel  were  tlio  only  trees, 
observed  to  be  embedded  in  it.  A  few  bushes  of  birch,  alder 
hazel,  willow,  and  blackthorn,  still  survive  in  hollows  above 
Watten,  and  a  small  wood  of  these  trees  at  Scouthall,  a  mile 
further  up  the  Acharole  Bum,  represents  a  remnant  of  the  wood- 
land which  may  have  covered  wide  areas  of  Caithness  at  no  very 
distant  date. 

Sand-dunes  are  still  in  course  of  formation  over  large  areas  in 
Sinclair's  Bay,  near  the  mouth  of  the  River  Wester.  By  their 
advance  the  river  has  been  dammed  back  at  st  \eral  jieriods 
and  lagoons  have  been  formed,  which  in  man)  ca&eti  are  now 
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roproscnted  by  albivial  flats.  The  process  is  still  going  on  and 
is  extemiiag  seawards.  A  *'  Picts-liouso  "  near  the  month  of  the 
River  Wester  is  only  a  few  feet  above  the  sea-level.  The  evidence 
atlbrded  by  the  eastern  part  of  the  area  surveyed  Messb& 
Peach  ana  Orampton  tends  to  prove  that  at  least  tbia  part  of 
C^thness  has  subsided  in  recent  or  post-glacial  times.  Mb. 
Charlks  JoiiNSKJNE,  of  Wick,  supi^ied  ihese  observers  with 
examples  ot  shell-marl  which  was  dug  out  of  a  bed  in  sitii 
beneath  low-water  mark  at  Vulteneytown,  when  the  harbour 
was  being  deepened.  Peat  moss  with  the  stools  of  trees  in  the 
position  wliere  they  grew,  is  said  to  be  exposed  aftir  storms 
oetween  tide  marks  on  the  shores  of  Sinclair's  Jiay,  a  little  to  the 
north  of  AckergilL 

The  characteristic  bold  precipitous  coast-line  to  which  the 
jointed  Caithness  Flagstones  give  rise,  is  well  seen  both  north 
and  south  of  Wick,  the  clifife  beingindented  by  caves  and  "  geos  " 
alon^  the  joints  and  fault  lines.  That  the  retreat  of  the  chft- 
line  is  comparat^^■''l  V  rapid  is  sliown  by  tlie  capping-s  of  trlj\cial 
deposits  left  isolated  upon  sea  stacks.  Some  ol  ihe  cliffs, 
like  those  at  Noss  Head  and  to  the  south  of  the  Old  Wick,  rise 
suddenly  out  of  comparatively  deep  water,  a  &ct  which  seems  to 
point  to  depression  of  the  land  since  Gladal  times. 


IL— PETKOGEAPHIGAL  WOKK. 

Tlie  [lOtrographical  investigationK  required  in  the  Geological 
Survey  involve  the  microscojpical  and  cliemioal  analysis  of  rocks. 
This  work  for  England  and  Scotland  has  been  carried  on  in  the 
Jermyn  Street  Museum,  under  the  genml  charge  of  Mb.  J.  J.  H. 
Tbazx,  who  conducts  the  microscopical  examination,  while  Db. 
Pollard  undertakes  the  chemical  research.  The  Irish  petrognw)hy 
is  in  the  hands  of  Mb.  H.  J.  Seymour  at  the  Dublin  office  ofthe 
Survey.  Recent  pressure  of  work  has  required  that  a  large 
number  of  Scottish  rocks  which  had  to  be  determined  for  the 
Memoirs  now  in  course  of  preparation,  but  could  not  be  under- 
taken here,  should  be  sent  to  Mk.  Sevmouu,  wliu  lias  completed 
the  examination  of  a  Urge  number  of  slides  and  is  engaged  in 
the  investigation  of  others. 

(/,)  IN  TEE  LONDON  OFFICE. 

The  total  number  of  sliced  rocks  added  to  the  petroOTaphical 
collections  at  Jermvn  Street  during  the  iiast  year  is  757.  Of 
these  78  are  English,  644  Scottish,  ana  35  Foreign.  The 
English  collection  of  sliced  rocks  at  the  end  of  last  year 
numbered  3,343.  the  Scottish  9,322,  and  the  Foreign  486.  Six 
microscopic  slides  with  corresponding  specimens,  illustrat- 
ing Dr.  KvAxa'  paper  on  "  MechaniiSdly-formed  Calcareous 
Rocks"  (Quaii.  Jouvn.  Geol.  Soc,  vol.  Ivi.,  p.  569,  and  five 
slides,  without  rocks,  illustrating  Mb.  Coomaba  Swamy's  paper 
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on  Gejlon  Rocks  and  Gxaphite"  (Und.,  p,  590),  were  praMntod 
to  the  foreign  collection  by  the  respective  authors. 

The  number  of  rock  specimens  gathered  by  the  collectors  in 
Scotland  dnring-  the  past  year  has  boon  325,  in  ilhistration  of 
the  geology  of  tlic  counties  of  Banif,  Midlothi^»  Perth,  and  Ross, 
and  of  the  island  of  Arran. 

Detailed  n^porls  on  229  rocks  liave  been  fiirnislird  by  Mk.  Mr.  T««1L 
Teall  to  the  Held  officers.  The  petrographical  work  in  c«>n- 
nection  with  the  forthcoming  Memoir  on  the  North-west 
Highlands  has  inyolTed  the  re-examination  of  the  material 
cdlected  at  yarioiLs  times  to  illustrate  the  post-Cambrian 
igneous  rocks  and  the  contact  metamorphism  produced  by 
them.    An  outline  of  thoso  results  will  he  found  below. 

Cheniiciil  analyses  of  rocks  and  minerals  were  conducted  in  Dr.  PoUakL 
the  laboratory  ot  the  Survey  by  I>K.  Pollard  from  January  to 
the  middle  of  July,  and  from  the  end  of  September  to  the  close 
of  the  year.  Dunng  the  latter  half  of  July  and  in  August  he 
was  engaged  in  resuminff,  together  with  the  officers  in  the  field, 
the  examination  of  the  dolomitizationof  the  Carboniferous  Lime- 
stone of  South  Wales.  },\s\ny  specimens  in  ilJustratton  of  this 
Bubject  were  collected,  which,  together  with  those  obtained  in 
l$9i>,  it  has  boon  impossible  as  vet  to  stndv. 

In  connection  with  the  re-sur\"ey  of  tlie  South  Wales  coal- 
field, it  lias  been  determined  to  institute  a  series  of  partial 
analyses  of  one  or  more  of  the  seams  in  tliat  field,  with  a  view 
to  investigating  the  causes  which  have  led  to  the  anthracitiza- 
tion  of  the  coal,  and  thereby  estimating,  if  possible,  the  area 
occupied  by  the  steam-coal  in  the  region.  For  tlie  purposes  of 
this  enquiry,  which  we  believe  will  be  of  considerable  com- 
mercial importance  as  well  as  scientific  interest,  a  corridor 
in  tliis  building  has  been  specially  fitted  up  with  the  necessary 
appiiratus. 

Among  the  more  important  petrographical  results  obtained 
at  the  Ijondon  office  of  the  Survey  during  1900  reference  may 
be  made  to  the  researches  of  Mb.  Teall^  which  have  brought  to 
light  from  the  Assynt  region  a  remarkable  group  of  eniptive 
rocks  new  to  this  country  and,  together  vnth  the  chemical 
investigations  by  Dr.  Pollard,  have  dearly  illustrattd  the 
interesting  succession  of  metaniorphic  changes  which  these 
rocks  and  the  Tertiary  granite  of  Skye  have  induced  in  the  sur- 
rounding dolomites.  A  brief  account  of  these  researches  prepared 
by  Mr.  Teall  is  here  given,  followed  by  Dr.  Pollard's  account 
<n  his  chemical  investigations  into  the  constitution  of  the  same 
tocks. 

Ths  Marbles  of  Asstnt. 

The  re-examination  by  Ma.  Teall  of  the  material  collected  at  TeilL 
various  times  to  iUustmte  the  nature  of  the  post-Cambrian 
igneous  rocks  of  the  North-west  of  Scotland,  and  the  contact 

metamorphism  producediby  them,  has  led  to  some  interesting 
results,  the  details  of  whicn  will  In)  published  in  the  forthcoming 
Memoir  on  that  region.  .  A  brief  summary,  however,  may  }^ 
given  here. 
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Mb  TedL  The  igneous  rooks  are  represented  by  the  plutonic  mass  ot 
Cnoc  na  Sroine,  and  by  vanous  dykes  and  sills  in  Assynt  and  the 
neigh bonrinj^  districts.  No  connected  lavas  or  cf^iisivo  rocks  of 
any  kind  are  known.  The  plutonic  mass  extends  from  Led  beg 
for  about  five  miles  in  a  south-easterly  direction,  with  an  average 
width  of  about  one  mile.  Cnoc  na  Sroine  (1,306  feet)  forms  tfie 
oulnuiuiting  point  The  dominant  rock  of  this  mass  is  a  red 
granite  or  syenite,  remarkably  firee  Irom  ferro-ma^esian  or  any 
other  darker-coloured  oonstituents.  It  vas  descnbed  by  Nicol 
as  a  red  felspar  porphyry,  and  by  MrKciiisoN  as  a  s^'cnite.  Dr. 
Meddle  pointea  out  that  true  porphyritic  structure  is  absent,  and 
that  the  rock  is  mainly  composed  of  red  felspar,  oft^n 
mucli  stained  and  decomposed.  The  essential  constituents  of  this 
rock  are  albite  or  oligoclase-albite,  orthoclase  and  quartz.  The  two 
alkali-fekpars  are  sometimes  deyeloped  as  independent  con- 
stituents,  out  are  more  often  intimately  intergrown,  not  unfire- 
^uenUy  in  the  form  of  micro-perthite.  Quartz  is  not  an 
important  constituent  of  the  rocks  taken  as  a  whole,  and  is 
sometimes  absent  altogether. 

The  more  acid  varieties  of  the  red  rocks  have  affinities  with 
the  nordmarkites  of  Pkuf.  HiUH;(;f:R,  Taking  the  mass  as  a 
whole,  the  quartz -syenites  (^nordmarkites)  appear  to  shade  into 
quartzless  svenites,  and  these  again  into  nepneline-sjrenites.  A 
tvpical  nepneline-ff^enite  occurs  at  the  foot  of  the  north  slope  of 
Cnoc  na  Sroine.  [Slido^  No.  3086.]  It  is  a  coarse-ffrained  rock, 
composed  of  large  individuals  of  nepheline  and  ortnoclase,  often 
measuring  half  an  inch  or  more  across,  together  with  biotite  and 
a  little  nccossory  mclanite.  The  occurrence  of  melanite  in  this 
rock  shows  that  the  nepheline-syenites  are  intimately  connected 
with  the  borolanites,  which  appear  to  form  a  basic  border  to  the 
plutonic  mass  of  Cnoc  na  Sr6me. 

In  the  paper  on  Borolanite,  by  Mb.  Teall  and  Mb.  Hobne  * 
attention  was  called  to  a  peculiar  type  of  rock,  mainly  composed 
of  large  individuals  of  orthoclase  and  a  blue  substance,  which  is 
evidently  an  alteration  product.  This  rock  apparently  forms  a 
kind  ofpegmatitic  vein  m  the  horolanite,  east  of  Aultnacallagach, 
and  is  of  special  mterest  m  connection  with  a  boulder  of  tmo 
nepheline-syenite-pegmatite,  found  l)y  Mr.  Hinxman  on  the  cast 
slopes  of  Coul  More,  about  five  miles  west  of  Cnoc-na-Sroine,  and 
recently  sent  up  for  examination  fiN>m  the  Edinburgh  Museum. 
In  view  of  what  b  now  known  as  to  the  occurrence  of  nepheline- 
syenite  in  the  Cnoc-na-Sroino  mass  there  can  be  little  doubt  that 
the  boulder  has  been  locally  derived,  otherwise  it  might  well  have 
been  supposed  to  have  trav(>llr'd  from  the  Christiania  district. 
This  blocK  has  been  cut  up  and  distributed  betwecTi  the  IMuseum 
of  Science  and  Art  in  Edinhingh  and  the  Museum  of  Practical 
Geolog)^  in  London.  It  measured  about  9x5x4  inches. 
Its  component  minerals  are  orthoclase,  nepheline,  and  tegirine. 
The  individuals  of  orthoclase  are  of  dull,  dark,  purplish>grey 
colour,  similar  to  the  orthoclase  of  the  pegmatitic  yein  aboye 


*  Trant,  Bay,  She,  Sdm^t  vol.  xuvil  (ISdSX  P; 
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referred  to,  and  the  cleavage  laces  souietiines  measure  three  Mr.  TealL 
or  four  inches  aoxMa  ^  Ncphelme  also  oceiun  in  laige  masses 
measurii^  one  or  two  inches  in  diameter.  There  is  no  strongly 
marked  ioiomorphism  about  either  of  these  constituents.  The 
legirme  occurs  m  prisms  sometimes  two  or  three  inches  in 
leugth  by  a  quarter  of  an  inch  in  breadth,  pcnetratinj^'  both 
ortnoclase  and  nephelino.  It  is  sharply  idiomorphic  in  the 
prismatic  zone,  with  development  of  the  orthopinacoids  and 
pusiiiatic  faces.  This  boulder  was  probably  derived  from  a 
p^niatitic  vein  similar  to  that  occurring  in  the  borolanite  to 
the  east  of  Aultnacalh^gach. 

The  relations  of  albite  and  nepheline  in  the  Tarious  rocks  from 
the  plutonic  complex  of  Gnoc-na-Sroine  are  of  special  interestw 
In  tne  quartzose  rocks,  only  albite  is  found,  and  the  same  is  true 
of  some  rocks  without  quartz ;  but  the  latter  often  contain  both 
nepheline  or  its  alteration  products  and  albite.  As  the  nepheline 
increases  the  albite  diminishes,  and  finally  in  the  nepneline- 
syenite  only  orthoclase  and  nepheline  occur. 

The  plutomc  rocks  have  been  intruded  into  the  Durness 
dolomites  which  haye  been  profoundly  affected  in  con- 
sequence. These  altered  locks  now  contain  calcite,  dolomite, 
brucite,  diopside,  tremolit^  mica,  forsterite  and  serpentine. 
The  minerals  here  mentioned  do  not  occur  tonrerhor  in 
any  one  specimen,  but  are  distributed  irrcrnilni  ly,  si>  as 
to  give  rise  to  different  types  of  rock.  Those  varieties  which 
consist  essentially  of  carbonates  and  brucite,  are  practically 
identical  with  the  predazzite  of  the  Tyrol  They  are  found  to 
the  north  of  Gnoc  na  Sr6ine  in  the  neighbourhood  of  the  Ledbeg 
river.  A  typical  specimen  of  this  variety  [No.  9208]  is  a  medium- 
grained,  nearly  white  rock  composed  of  brucite,  calcite,  and 
aolomite.  The  brucite  occurs  in  fibrous  or  scaly  aggregates, 
which  xary  from  about  01  to  over  1  mm.  in  diameter.  The 
larger  grains  are  mostly  rounded  in  outline,  but  the  smaller 
ones  olten  give  sqxiare,  triangular  and  hcxapronal  sections,  which 
strongly  suggest  the  conclusion  that  the  mineral  is  a  pseudo- 
morph  after  peridasa  The  carbonates  occur  as  irre^pilar  indi- 
viduals of  a  somewhat  larger  size  than  the  brucite.  They 
consist  of  calcite  and  dolomite  in  about  equal  proportions. 
The  brucite  has  been  isolated  and  analysed  by  Dr.  roLLARD 
(page  155). 

Rocks  mainly  comnnscd  of  cal<  itr  and  forsterite,  with  a  vary- 
ing admixture  of  dolomite,  somen  fues  with  none  at  all,  con- 
stitute another  type.  A  specimen  from  Cnoc  na  Sroine  [3099] 
is  a  tine-grained,  nearly  white  rock,  composed  of  calcite  ancl 
fbrsterite.  The  latter  occurs  in  more  or  less  rounded  grains, 
which  vary  in  size  from  about  0*2  up  to  1  mm.  in  diameter;  the 
former  in  large  ophitic  plates  constituting  the  matrix  in  which 
the  ^rsAm  of  forsterite  are  embedded.  The  forsterite  of  this 
specimen  has  been  isolatc<l  and  analysed  bv  Dr.  Pollard 
(p.  156).  Tho  rocks  containing  calcite  and  forsterite  pass  into 
ophicalcites  by  the  serj>entinization  of  the  latter  mineral. 

Other  varieties  consist  of  carbonates  and  diopside,  with  or 
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Mr.  Teall.  without  tremolite.  Tn  these  cases  it  is  especially  worthy  of 
note  thai  tlio  Lremolite  is  invariably  associated  uiUi  calcito, 
whereas  the  diopside  is  frequently  associated  with  dolomite. 
This  accords  with  the  view  that  the  rocks  in  question  are 

altered  siliceous  dolomites,  for  the  development  of  tromolite 
(OaO,3  MgO,4SiOj)  in  dolomite  would  naturally  be  accompanied 

.  by  the  formation  of  eaK  ito,  whereas  dlopsido  (raO,]\ri,K),2  SiO^) 
could  be  formed  diroctiy  by  the  simple  substitution  ol  SiO^  lor 

CO. 

Somu  exceptional  rocks  are  found  in  the  immediate  neighbour- 
hood of  the  contact  with  borolanite  and  augite-syenitc  in  the 
Ledbe^  bum  about  500  yards  north-east  of  Ledbe^  [9203^9207]. 
In  addition  to  colourless  diopside,  mica  and  carbonates,  these 
rocks  contain  a  LTi  een  fiegirine-an^nte,  identical  \\ith  that  in  the 
augite-syenite.  The  pyroxene  has  been  isolated  from  a  matrix 
of  calcite  andanal\  «o(l  bj  Dr.  Pollahp  (p.  156).  Tt  is  ngj^jTecfated 
in  lumps  and  patches  m  a  matrix  of  calcite,  either  l)v  itself 
[9208]  or  in  association  ^vith  the  normal  colourless  diopside 
[9205J.  In  the  latter  ca.se  it  forms  a  border  to  the  colourless 
variety.  These  peculiar  rocks  indicate  a  most  intimate  blending* 
of  the  igneous  and  sedimentary  material  accompanied  by  some 
interchange  of  constituents  of  the  kind  emphasised  by  Mr. 
Johnston  Lavis.  It  is  possible  to  obtain  specimens  [9206] 
which  show  the  n'^sM,  iation  of  the  (egirine-augite  with  orthoclase 
in  one  part  and  with  calcite  in  anotlicr  and  the  pyroxcne- 
orthoclase  aggregate — augite-syenite — shows  no  sign  oi  chilling 
at  the  contact. 

l^e  field  relations  of  the  marbles  of  Assynt  prove  that  they 
m  the  result  of  the  contact-metamorphism  of  the  "Durness 

limestone  series."  This  series,  as  developed  at  Durness,  includes 
both  dolomites  and  limestones,  but  in  the  Assynt  district  only 
dolomifees  have  been  recognLsed.  The  majority  of  the  specimens 
examined  accord  with  the  view  that  [}\ov  nro  metamorphosed 
dolomites,  which  contained  a  variable  amount  of  silica.  The 
development  of  tremolite,  forsterite,  and  pcriclase  or  brucit^*,  in 
such  rocks  would  naturally  be  accompanied  bv  dedolomitisation, 
and  as  a  matter  of  &ct  these  minerals  are  always  found  to  be 
associated  with  calcite  in  the  rocks  under  consideration.  The 
general  conclusions  arrived  at  as  a  result  of  the  examination  <^ 
the  marbles  of  Assynt  are — 

(I.)  That  they  are  mainly  altered  dolomites  and  that  the 
alteration  has  been  accompanied  by  dedolomitisation,  due 

either  to  the  development  of  ma^esian  silicates  such  as 
tremolite  and  iorstento,  or  to  the  tbrmation  of  periclase  or 

brucite. 

(2)  That  the  ophicalcites  are  the  result  of  the  serpentinisation  of 
the  forsterite  in  the  rocks  containing  that  material;  and, 

lastly, 

('^)  That  in  the  immediate  neighbourhood  ot  the  contact 
in  Lcdbeg  Bum  there  has  been  a  reciprocal  action  between  the 
igneous  magmaand  the  sedimentary  rock,  giviiig  rise  to  identical 
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pyroxenes  in  W'th  rocks,  such  pyroxenes  being  characterised  Mr.  TtSL 
Dj  A  oombination  of  the  segirine  and  diopside  moleculea 

l^milar  pbenomeua  aie  seen  in  Skye,  where  the  rocks  of  the 
Diuness  series  baye  been  marmorized  by  the  Tertiary  gnodte. 

The  re-examination  of  the  material  of  the  dykes  and  sills 
which  figure  so  largely  in  Sheets  101  and  107,  nas  also  led  to 
some  interesting  results.  These  belong  to  two  types— dark- 
coloured  hornblende  rocks  (yogesites),  and  li|^ht-colourcd  fel- 
spathic  rocks  (tolsites).  Tliore  are  also  a  few  intermediate 
varieties  (hornblendc-por|)b\  rites),  but  as  a  nil<5  th6  two  types 
are  sharpiy  marked.  Ihc  rucks  of  the  dark  melanocratic 
type  are  essentially  composed  of  idiomorphic  boriiblorido 
in  a  felspatliic  matrix.  As  a  potash  felspar  (soti  Dr.  ToLLAiiD  B 
analysis,  p.  158)  plays  an  important  part  in  the  composition  of 
this  matiHT,  the  rocks  may  be  tewaed  vogesitee.  Hie  speeimens 
of  the  Hght-coloured  leuoocratic  type  are  essentially  composed  of 
alkaU-felspars  and  quartz  (see  analyses,  pp.  157-159).  .^irinc  is 
sometimes  present,  and  when  this  is  tbe  rase  (2324.)  the  rocks 
have  decided  aihnities  with  ihe  .grurudites  of  Pbofessob 
Br6gger.   

The  following  analyses  were  made -by  Db.  Pollard  in  connec-  Dr.  Polkid' 

tion  with  the  foregoing  rnvestiji^ation.  A  specimen  of  marble  from 
the  neighbourbood  of  l-rcdbeg  (  *J208)  contamed  grains  of  a  mineral 
which  appeared  to  be  brucitc  or  bydromagncsite.  To  settle 
this  point  the  mineral  was  isolated  by  tbc  use  of  bromoform 
(diluted  with  xylol).  It  remained  floating  in  tbc  liquid  of  2  41 
sp.  gr.  0*2388  gramme  was  taken  for  analysis,  and  the  follow- 
ing results  were  obtained :  — 

SiO,  -4 

f4o  I 

CaO  -8 

MgO     -      -      -  SB-O  - 

LoMoaiiputioii   31*3 

Total       -     - -.     •  »98 

Calculating  the  *'LoM  00  Ignition"  as  wat«r,  tiie  ratio  of  UgO: 
HiO-l:  1*06. 

This  leaves  no  doubt  that  the  mineral  is  hrucite. 

A  green  pyroxene  was  isolated  from  a  specimen  [9203]  and 
analysed  to  see  whether,  near  the  junction  of  the  igneous  and 
metamorphic  rocks,  tliere  bad  been  any  intcr-action.  This 
point  was  settled  in  the  athrmative,  as  will  be  seen  from  the 
following  analysis : — 

Sp.  gr.  above  3  28. 

'6032  gramme  taken  for  main  analysis. 
'6  gramme  taken  for  Alksliea 
'SSdgntwne  for  FeO. 
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Mokeokur  Batioi. 

SiO,     .      -     -  - 
TiO,     -      ,      -  - 
AI..O3    -      -      .  - 

F^?*    "      •      "  " 

JJCvf             m             m             m  m 

MnO     -      -      -  . 
CaO  .... 
MgO     -      -      -  - 
K,0      -      -      •  - 

XaO  - 

LiaO      .      .      -  - 
liOes  on  itfnition  - 

{>3-58 

Trace 
1*3S 

9*46 

3-36 
•31 

h;-82 
11  07 

-so 

8-31 
Trace 

•73 

•8871 

•0129 
•0591 
•0467 

•0043 

•3oa3 

'2891 
-0688 

•0405  (as  HgO) 

100*76 

Bfttioof  CaO  :  MgO  «  1*04 : 1. 

If  we  assume  the  following  molecules  to  be  present  we  h&ve — 


aJaK^Fe^i,0„ 
FeFej^iX),, 

FeAl..Sia 


CaM|si,(5o  - 
(CaMuFe)SiO, 


8iO, 
L06B  on  ignition 


25'76 
1-76 
9i)% 
62-73 
6'19 
•73 
•73 

100^6 


The  olivine  mineral  was  separated  from  three  different  speci- 
mens and  analysed  [3099,  0743,  078'^]    The  mineral  hrom  No. 

6783  (Skye)  was  analysed  to  see  it"  it  were  a  diopside  or  a 
forsterite,  as  it  seemed  possible  that  the  former  might  have 
given  rise  to  serpentines.  It  was.  liowever,  found  (as  will 
DO  seen  from  the  analysis)  to  be  a  typical  forsterite : — 


3099. 

6743. 

6783. 

SiOj 

42*3 

42^6 

41  ^5 

AljOa 

•8 

1*2 

•9 

Fe,03* 

•6 

1*3 

1*4 

CuO 

•3 

•6 

*8 

MgO 

570 

51-2 

65^6 

Loss  on  Ign. 

•3 

3-1 

1-2 

Total  - 

1011 

99'9 

100^9 

*  All  Iron  calculated  as  Fe^Op  State  of  oxidation  not  determined. 


Ratio  of 

i3099 
6743 
6783; 


-  MgO 

-  2-02 

-  1-8 

-  2*00 


SiOb 
1 
1 
1 
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A  partial  analysis  was  made  of  Specimoii  No.  G744  to  tiud  the  Dr.  I'oUahL 
ratio  of  liino  to  magnesia  with  tiio  following  results : — 

SiOo   16-96 

Alfis   -74 

•Fe,Oa   -70 

CaO   82-17 

1^   21-43 

*  Lofli  on  Ignition     ^     .     •     .  . 


Total  100-22 


*  Oalcalated  wF^fi^  State  of  ozidaticm  not  detannined. 
Thiigiirastfaentioof  Lime  to  Magnena  as  1*06  :  1. 

The  following  analyses  of  rocks,  aad  felspars  isolated  from 
rocks,  were  made  for  tne  description  of  the  rocks  to  be  given  in 
the  Memoir  on  the  North  West  Highlands : — 

"Dyke  or  sill,  Cnoc  an  Droigheim»A88jpt,  Sutherland,  Sheet 
107.  [2324.]  A  porphyritic  felsite  with s^^irine  allied  to  grorudite. 

The  following  is  Mk  Txall's  desoription  {QeoL  Mag,,  1900, 
11.891):— 

**  The  rock  is  a  pale  green  felsite,  with  somewhat  obscure  indi- 
cations of  porphyritic  felspars  and  decided  traces  of  parallel 
structure.  Under  the  microscope  it  is  seen  to  bo  com|)osed  of 
polysynthetic  aggregates,  representing  original  porphyritic  alkali- 
lelspars,  streaks  of  micro-dystalline  quartz  (scarce),  and  a  i }  [  to- 
or  micro-crystalline  felspathic  matrix  crowded  with  acicular 
tnicroliies  of  cegirim.  Similar  microlites  occur  in  the  poly- 
g^^nthetic  Rc^'jrocrates,  as  they  do  in  the  phcnocrysts  in  Profesor 
Brog^er's  groruditc,  but  they  are  far  less  numerous  [hnn  in  the 
matrix,  where  they  are  often  so  tliickly  crowded  together  lu  to 
form  a  felt-liko  mass.  The  larger  microlites  are  green,  but  the 
smaller  ones  are  colourless ;  both  show  the  characteristic  optic 
characters  of  aemiine  when  isolated  from  the  felspathic  material." 

"  Crag  west  ^  Loch  Coire  na  Meidhe.  Phenocrjsts  of  alkali 
£alspar  (microperthite)  and  oli^oclase  in  a  felsitic  matrix.  This 
is  evidently  the  dyke  fades  of  we  s^renite  magma,"  [8369.] 


No.  2324. 

No.  6309. 

Mol.  lUtios.  1 

Moi.  iiatios. 

BiO, 

Tio; 
la?' 

MnO 
CaO 
.  MgO 
K,0 
Na.>0 
H,6  106' 
:^abovel06* 

75-20 
•12 
12-66 
1-53 
•28 
•10 
•60 
•26 
414 
5*67 

1-2450  i 
•0015 
•1238 
•0095 

•0014 
•0107  ' 
•0064  1 
•0439 
-0013 

*0066  1 

76-23 

•12 
12-91 
1*46 
•27 
Trace. 
-16 
-10 

4-03 
4-34 
•07 
•30 

1-2621 
•0015 
•1263 
0091 
H)087 

•0028 
-0025 
•0427 
-0690 

•0106 

Total  - 

100117 

WW 
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Dr,  PolM.     Ftom  thcM  figUM  w«  get  the  following  oompodtion  Ibr  the 
rodcs : —  • 


S3S4r 

-  886» 

Na-,FeiSLO«  - 
SiO,     -      -  - 

84-54 

4208 

4-41 
-  28  04 

*  « 

KjALSioOj,  - 

C  aAI  .SijOa  - 
FeU.)^     -      -  - 
SiO,     -     •  - 

«  S8'86 

36-81 
•79 
•86 

36D0 

89t>7 

•12 
•28 
•10 
•^6 
•12 
•60 
•IS 

• 

UmiccouAted  for- 
TiOj     -      -  - 
FeO 

MnO  - 

MgO     -      -  - 

NaoO  - 
CaO  - 

H,0           -  - 

tTiuccontitod  for— 

AI.O3  - 

Fe^Oj  - 
MgO  - 

H,0     .      -  - 

07-41 

112 
12 
•87 

•10 
•37 

100-67 

The  ratio  of  orthoclase  to  albite  is  in 

No.  2324    1  :  I  Sl 

Ko.  8309    1  :  1-68 

The  next  analysis  was  made  to  detennine  the  composition  of 
the  felspathic  constituents  of  Vogcsite. 
Dyke  (Post  Cambrian)  in  thrust  limestone,  west  of  Loch 

Bad  nan  V;\hnan.  Strath  Kanaird,  Slicet  101  [f^OOO]. 

The  felspar  was  separated  hy  heavy  sohition,  aiKl  the  fraction, 
of  sp.  gr.  oetweeo  2^55  and  2*64i,  analysed  with  the  lollowiug 
results: — 


SiO,    -  . 

Tio;  -  . 

AlaOs  -  - 

FePs  - 

Feb  - 

MnO  -  - 

CaO  - 
MgO 

K,a  -  - 

Ni,0  -  • 

L088  105° 
Loss  above  105 

Tots]  • 


Mol.  Ratios. 


1-0169 
-0012 

•1543 
•0066 
•014» 

•0516 
•0683 
•0737 
D749 

1698 


Tbis  would  pve 

NajaSijd, 


41  19 
89*45 

1-59 
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Brou^jht  forward   82-23  Dr.  PalUrd. 

the  following  oonBtitaeotft  unafieoimted  for 

SiOj   6-82 

TiO,      -      -   10 

Fe.Uj   l-QS 

Fe'O   107 

CaO   2-67 

MgO   27G 

H,0  above  106*   Z-Q^ 

H,Oai06'   28 

Tbe  ratio  of  orthodaae  to  albito  woiild  henoe  be : — 

1    :  1*014 

Tl^e  powder  under  the  microscopo  was  cloudy,  and  appeared 
to  contain  a  chloritic  mineral.  Tnis  |>r()l)iibly  accounts,  tor  tho 
large  amount  (17*72  per  cent.)  of  constituents  not  accounted  for. 

The  porphyritic  felspar  and  tlic  matrix  were  separated  by  heavy 
solution  from  a  nx  k  [8370],  and  unalyscd.  The  fraction  of  sp.  gr. 
between  2-575  and  2  5U0  w  as  Uikeu  fur  tho  porph\Titic  felspar,  and 
that  of  sp.  gr,  2-613  to  2-G30,  for  the  matrix.  The  locality  given  is 
— Burn,  (quarter  of  a  mile  north  of  top  of  S^^unan  More  [8370]. 
ThiB  felsite,  found  by  Mr.  Peaci^,  is  intrusive  in  the  Lewisian 
Gneiss.  Tho  followin<j^  is  Mr.  Teall's  description  of  the  rock 
(Geol.  Mag.,  1900,  p.  391) :  "  It  consists  of  numerous  phenocrysts  of 
pink  felspar,  nsnatly  giving  rectangular  sections,  and  measuring 
about  a  cjuartor  of  an  inch  across,  embedded  in  a  compact  light 
grey  felsitic  matrix.  Tender  the  inicro.scoiK^  the  phenocrysts  arc 
seen  to  consist  of  iutergrowths  of  albite  and  orthoclase,  similar  to 
those  obeeryed  in  the  plutomo  mass  of  Cnoo  na  Sr^ine.  The  ground- 
mass  is  a  micro-  or  crypto-crystaUine  ag^egate  of  alkah  fekpar 
containing  a  few  minute  ragged  prisms  of  sgirine.  A  little  Iree 
quarts  is  probably  present,  but  cannot  he  identified  inth  cer- 
tainty nncier  the  microscope.  This  rock  contains  much  less 
;<  rririne  than  the  typic.il  L^rorudites,  and  in  this  respect  more 
closely  resembles  the  lindoites  of  Professor  BrOgoeb. 


Forpbyritic  Felspar. 

Matrix. 

IdoL  Batioa 

MoL  Eatioe. 

SiO, 

A)/),  - 

¥&..03  - 
Feb  - 

(M         '  ■ 

iSTo .    -  - 

HjO  105°  - 
HtO  above  W  - 

66-73 
1906 

Trace. 
6-09 
6-60 
•17 
•20 

1-1050 

•1862 

1)064  1 

•0709 
•1072 

0111 

7111 
14-72 
117 
•IT 
Trace. 
399 
6-82 
•06 
•96 

1-2325 
1440 
•0073 
•0023 

0423 
•0937 

0144 

Total - 

- 

1  100^68 

*  Oalcnlated  as  Ftfi^,  state  of  oxidation  not  detennined, 
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Dr.  Pollard.      Calculated  from  these  analyses  the  tollowing  would  be  the 
percentage  of  the  felspars  respectively : — 


l\>rj)]iyritic  Felspars. 

Matrix. 

1 

KjALSi.iOja  - 

1 

30-C3 
56--11 

1 

!  K,Al,Si,0  . 
Si(^      .      -  - 

23-64 
49*36 
85*16 

86*04 

819 

•83 
•80 
•37 

TTnaocoimted  f 

SiO,     -      .  . 
Al.O,    -      -  . 

KO,    .     .  - 
flio    -    -  - 

ITnaeeoiiiited  for— 

AI2O3    -     -  - 

FeO      -      -  - 
H,0     -     .  - 

9615 

•82 
117 
•17 
•32 

100-29 

100*63 

The  latio  of  orthoclase  to  albite  works  out  to — 
In  Porphjritie  Febput  1   :  1*51 
la  Matrix  -     1  :  8*81 

The  ^rph3nitio  felspar  consists  of  an  inteigrowth  of  orthoclase 
and  albite  havuig,  as  will  be  seen  from  the  analysis,  the  com> 
position  of  Prof.  Broqoeb*s  kzyptoperthite  (Zeitsch.  Eiyst 
XVI  (1890),  p.  529). 

From  a  specimen  of  Kentallenitc  obtained  by  Mr.  Kynaston 
from  Alt-an-Sithcan,  Glen  Shira,  Argyll  (Sheet  46)  [8734],  the 
following  analysis  was  made : — 

SiO,   5209 

TiOj  '73 

FejOs  1*84 

CrA     -  '10 

AljOa     ...  -  11-93 

FeO  7*11 

MnO  15 

(Co.Ni)O  -07 

CaO   7-84 

MgO   12-48 

K2O   3-01 

NauO  2*04 

LijO   Trace 

CO,  *16 

P-Oj  -34 

Cl   Trace 

HjOlOSO  -11 

HiQ  above  lOftO  24 

Total      -      *     -  100*24 

Sp.  gr.  2*94 

An  analysis  has  also  been  made  of  an  aecnrine  crannlite  collected 
by  Mb.  Cuxningham  Cratg  from  a  localily  half  a  mile  E.SE.  ot 
Dcrry  Loc]«jfo,  Aberdeen.  (Sheet  (i5. )  Tbe  rock  has  been  tbus 
described  V)y  Mr.  Teall  : — "  [821 7. J  ^i^^girine  j^-anulite.  Alkali 
felspar,  yellow  garnet,  ccgirine  and  biotite,  with  magnetite  in 
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sharply-defined  octahedra,  apatite  and  probably  sphene  as  acces-  Mr.  H.  J. 
SOlies.  The  garnet  occurs  in  more  or  less  idiomorphic  crysU^ls,  8«yawar. 
and  as  aggregates.  It  resembles  in  colour  the  nale  ttnte  of  (he 
melanite  of  the  borolanites.  The  e^^irine  is  bright  green ;  it  can 
be  definitely  determined  by  examinmg  the  powder  of  the  rock. 
The  prismatic  fragments  g^ve  nearl^r  straight  extinction,  and  the 
greatest  axis  of  elasticity  is  approximate  patallel  to  the  long 
axis  oi  the  fragment." 

BO9   6179 

TiO|   -90 

A1,0,   16  iK) 

Fe^a   310 

FeO   1-07 

MnO   19 

CaO   8*44 

MgO   -90 

KjO   R-on 

NajO   o2t> 

P^Os   -84 

H,0  nt  105°   -14 

H,0  ftbov©  lOd**   '89 

Totd  100-28 

(ii)  IJS  THB  DUBLIN  OFFICE. 

In  the  Dublm  Office  of  the  Survey  during  the  past  year  228  Mr.  H.  J. 
roek-alioee  have  been  examined  and  reported  on  by  Mb.  Seymour,  ^vww. 
and  119  new  slices  were  prepared  and  added  to  the  Irish  collection 
of  slides  ^  which  now  numbers  2,470.  Besides  these,  80  slices 
already  in  the  colleoUcm,  which  had  not  been  previously 
determined,  were  examined  and  named.  Of  the  228  slides 
mentioned  above,  were  from  Ireland,  and  the  remaining  115 
from  various  parts  of  Southern  Scotland. 

During  the  recent  revision  of  the  Silurian  regions  of  Ireland, 
attention  has  been  paid  to  the  igneous  rocks  there  developed, 
and  in  the  ground  to  the  north  of  miblin  advantage  has  been  taken 
of  a  caTeful  microscopical  examination  of  these  rocks  to  brin^ 
the  maps  up  to  date  in  regard  to  their  petrography,  as  this  coula 
bo  done  without  much  expenditure  of  time  m  the  field.  To 
the  south  of  Dublin,  however,  in  the  counties  '.f  Wirlrlow,  Wex- 
ford and  Waterford,  the  igneous  rocks  are  abundant  and  so 
complicated,  that  as  already  stated,  it  has  been  judged  advisable 
not  at  present  to  attempt  an  adequate  revision  ut  the  mapping  of 
them,  which  would  iuTolre  much  time  and  labour,  more  urgently 
needed  for  the  Drift  Suney.  The  following  summary  willshow 
the  general  character  of  the  petrographical  work  last  year  in 
Ireland. 

The  Irish  specimens  examined  by  Mr.  Seymot'R  compri«^ed 
types  of  the  if^neous  rocks  met  with  in  the  revision  of  the 
Silurian  areas.  In  County  Down  (Sheet  40),  n  larf^e  nimibor 
of  dykes  prove  to  be  lamprophyres  of  dilieront  varieties  ac- 
cording to  the  predominance  of  one  or  other  of  the  feno- 
magnesian  minenls«  hornblende,  augite,  or  biotite^     A  pre- 
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fuboqrafhioai.  wobx.  . 


Mr.  H.  J.     linoinacy  account  of  these  zoeks  was  ^voa  in  last  Summa^  €f. 

Seymour.  Progress  (p.  181),  and  an  examination  of  more  of  tlicni  was 
made  during  the  past  ycnr  i>ut  withont  brin«ifini:  ic  Ul'-Iu  nnv 
additional  facts  of  ini])(»rtaiu'o  to  which  .special  reiereuce  need 
bo  made.  Wliilo  the  rocks  are  inaialy  caniptonites  and  kersantites, 
with  and  without  augite,  they  include  a  few  which  are  basalts 
and  dolerites  of  Tertiary  agod. 

The  8p6q^neIls  examinea  from  County  Waterford  (Sheets  178 
and  179)  wore  found  to  be  generally  similar  in  type  to  those 
described  in  last  Summa  ry  of  Progresa.  They  are  mainly 
greyish  and  greenish  felsites,  the  latter  sometimes  on 
the  trachytic  andesites.  They  are  sometimes  breeciated,  and 
sometimes  contain  inclusions  of  other  felsites  (xenolithic  lcl:-,iies), 
but  with  few  exceptions  are  of  little  interest.  Kegarding  some 
of  the  rooks  ofx  the  south  coast  of  this  county,  lately  regarded 
as  xenolithio  felsites,  there  seems  to  be  reason,  as  already 
stated,  to  doubt  whether  the  fine-grained  compact  felsite-like 
base  was  in  all  instixnces  truly  molten.  So  far  as  can  he 
judged  at  present,  this  .question  applies  chiefly  to  those  outcrops 
which  occur  in  the  inmiediate  neighbourhood  of  undoubtedly 
pyroclastic  matoriai  Several  specimens  of  veir  compact  rocks 
ot  this  kind  collected  last  year  were  microscopically  exanuiied, 
with  the  result  tliat.  the  base  itself  was  found  tp  be  fragmental, 
the  rocks  being,  therefore,  fine  tuflfe  or  ashes.  That  me  fi»g« 
mental  appearanoe  is  not  due  to  breociation  subsequent  to  oon* 
solidation  seems  evident  from  the  complete  absence  of  any 
trace  of  fracture  i/)  .stht,  in  any  of  the  mcluded  pieces  of  lava. 
Except  where  complicated  by  subsequent  crushing,  the  xonoliths 
in  the  xenolithic  felsites,  which  have  suliseipieutly  been  breeciated 
in  Situ,  are  generally  obviously  rounded,  eorroded,  or  show 
reaction  borders  next  the  magma  in  which  they  are  embedded, 
and  are  distinct  from  the  angular  lapilli  in  the  tuffit.  A^iin, 
in  the  xenolithic  felsites  of  the  Wateiford  district,  the  inclusions 
are  all  practically  in  the  same  state  as  regards  oiystallisation/ 
while  those  of  the  tuf&  vary  much  in  iliis  respect,  some  being 
scoriaceous  and  glassy,  others  erysialline.  In  the  case  of  the 
very  compact  types  it  he(!onu's  iniju^ssible  to  determine  micro- 
scopically whetlier  the  base  is  a  devitritied  felsitooran  extremely 
hue  leisitic  ash. 

Etching  with  hydrofluoric  acid  may  possibly  reveal  charac- 
teristic etched  figures,  serving  to  disonmmate  between  t)»e.two 
classes  of  rock,  and  experiment  s  arc  in  progress  with  this  object 
in  view,  the  rocks  selected  bein^  those  in  which  the  field- 

evidence  is  conclusive  as  to  their  origin  and  nature. 

True  volcanic  tut^s  oc^'ur  botb  at  Dunbill  Castle  (Sheet  170)  and 
intlie  district  tu  iho  north  i  li»n'cnt",  wliile  agglomerates  of  volcanic 
origin  uc^cur  in  the  neiglibuurluxid  of  Cullen  Castle,  a  few  njiles 
N.  of  Tramorc.  These  pyroclastic  rocks  vary  considerably  in 
texture,  some  being  coarse  agglomerates,  others  resembling 
felsites  Tciy  closely.  The  lapiiii  are  mainly  acid  felsites,  SKmne 
seoriaccous,  others  perlitio,  and  others  finely  crystalline.  Tu& 
generally  similar  in  character  occur,  amongst  other  phioes,.ftt 
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Kilmurrin  Bay,  Bnnmahon  Head,  Newtown  Head,  and  east  of  Mr.  H.  J. 
Annestown.  The  association  of  these  tufts  with  andesitic  lavas  ^iToour. 
has  ahready  been  referred  to  (p.  56). 

The  specimens  collected  from  County  Wicklow  being  sunilar 
to  others  already  sliced  and  examined,  most  of  them  were  readily 
determinable  by  mere  inspection  and  comparison.  Those  which 
it  was  found  desirable  to  slice  consisted  chiefly  of  compact 
fp] si  tic-looking'  ro<'T<^.  whose  preci«?e  nature  was  open  to  quostion. 
Many  of  these  specnnens  on  microscopical  rxamination  wore 
proved  to  be  of  sedimentary  ori^n,  some  weic  cherts,  others 
nne-grained  grits  and  sandstones,  all  appearin^^  to  have  been 
more  or  less  hardened,  and  thus  closely  resembling  some  of  the 
^Bhdtes  in  this  area. 

Of  the  115  slices  of  Scottish  rocks  examined  during  the  year, 
47  were  from  the  Fifeshire  Carboniferous  volcanic  district,  and 
the  remainder  ((58 )  from  various  areas  in  the  Old  Red  Sandstone 
and  Carboniferous  areas  of  Cantyre.i  Ayrshire,  Renfrou-shire, 
Stirlingshire,  PeehleRslnre,and  Roxburghshire!  (Sheers  1:^.  17,  25, 
30,  31,  and  39  of  the  Geological  Survey  Map  of  Scotland).  They 
resembled  closely  the  similar  typos  of  rock  described  by  Sir  A. 
GsiKiE*  and  Dr.  HATCHf  from  neighbouring  localities.  The 
rocks  from  Fifeshire  included  specimens  of  the  lavas  and  tuffs, 
as  well  as  of  the  intrusive  dykes  and  bosses  in  the  volcanic 
necks. 

The  lavas  consist  of  doloritos  and  basalts,  with  and  witliout 
olivine,  usually  fairly  fresli,  and  of  the  ordinary  characteristic 
types.  In  general  the  tufls  are  madi*  up  of  frafrments  of  basic 
rocks,  finely  crystaUine  to  glassy  and  vesicular  in  texture, 
associated  with  rather  abundwt  quartz-mins  and  occasionally 
with  a  compact  pale^soloured  material,  probably  a  very  fine 
ash.  Pieces  of  fossiliferous  limestone  and  shale,  and,  rarely, 
sandstone  dLso  occur  in  them,  the  inclusions  showing  very  little 
signs  of  metamorphic  action.  One  of  the  lapilH  in  tlio  tuffs 
[8901]  is  a  modium-ijrainod  trontolite,  composed  of  )>asic  plagio- 
clase  and  olivine,  the  latter  much  altered  and  scrpeiitinised. 
The  examination  of  the  stones  in  the  tuffs  shows  that  they 
belong  to  the  same  types  of  rock  as  those  forming  the  intrusive 
dykes  in  the  necks.  The  average  rock  is  on  the  borderland  of 
the  limburgites,  and  others  vary  on  either  side  from  oHvine- 
basalts  with  very  little  felspar  to  limhurgites  proper  without 
felspar->crystals.  The  most  noticeable  feature  is  the  constant 
presence  of  olivine  and  tho  pToat  scarcity  of  fels|)ar,  only  two  of 
the   slices  examined   <  out  M  ining  the   latter   mineral   in  any 

rntitv.  Of  tliPRo  two,  one  is  interesting  [81)12]  as  being 
ost  identical  with  Kosenbusch's  "  Weiselbergit  "J  ^augite 
porphyrite),  so  fEtr  as  the  ground  is  concerned,  but  m  the 
Scottish  rock  the  augites  are  the  conspicuous  phenocrysts,  and 
not  the  plagioclases. 

*  Trans.  Roffol  Soc,  Sdin^  1880,  vol.  xxix..  plate  xii. 

+  Tram.  Royal  Soc.  Edin.^  1892,  vol.  xx-xvii,,  pp.  115-126. 

X  Rn"^nhu3ch  Mikro,  Phys.  Mamg,  Gest.,  p.  501,  and  plate  iv.,  tig.  I. 
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Mr.  H.  J.  The  rocks  selected  for  examination  from  the  various  counties 
BisyuMnr.  jj^  Southern  Scotland  above  enumerated  fall,  'with  few  excep- 
tions, into  two  main  groups — trachytic  and  basaltic.  The  latter 
aie  of  the  usual  types,  varying  from  dolerites  to  basalts.  All 
contain  oliyine  or  its  platy  modification  known  as  iddingsite 
[5934  and  5935]  and  are  generally  fresh  and  unaltered. 

The  acid  rocks  also  vary  but  slightly  in  composition,  but  are 
much  more  weathered,  the  alteration  being  apparently  of  the 
lateritic  type,  and  due  to  the  oxidation  of  tlie  iron-bciiring 
constituents.*  The  majority  are  trachytes  with  and  without 
sanidine  phenociysts,  and  with  a  base  typically  trachytic  in 
texture,  that  is,  made  of  sanidine  microhtes  lath-shaped 
sections  showing  flow-orientation.  Ferro-magnesian  mineials 
(augite  chiefly)  are  present  in  more  or  less  amount,  but  are  now 
mostly^  representea  by  chloritic  or  limonitic  pseudomorphs. 
Exceptionally  some  plagioclase  occurs  [G640  and  6641],  the  rocks 
containing  also  a  larger  quantity  of  a  ferro-magnesian  constituent 
(altered  to  chlorite)  and  appearing  to  verge  on  the  lamprophyres. 

Another  and  more  common  variety  oi  the  trachytic  rocks  is 
that  in  which  the  felspar  of  the  j^ound,  instead  of  being  lath- 
shaped,  is  stumpy^  and  short  in  charscter  and  often  associated 
with  some  interstitial  quartz,  and  with  little  or  no  ferro-magnesian 
mineraL  These  may  be  styled  orthophyres,  to  which  typo  they 
closely  approximate.  Examples  occur  near  the  boundary 
between  Renfrew  and  Ayrshire  (Sheet  22).  Many  of  the  fore- 
going rocks  are  porphyritic  the  plienocrysts  bemg  sanidine. 
Olomero-porphyri tic  structure  is  common  [4205.  6629]  and  in 
some  instonces  the  crystals  are  bent  into  cui  ved  forms  traversed 
by  cradoi,  but  without  noticeable  displacement  of  the  various 
parts. 

The  most  interesting  specimens  of  the  trachytes  examined  are 
those  which  contain  the  telspathoid  nepbeline,  and  are.  therefore, 
phovnlife.9.  These  rocks,  two  in  mminer  [4505  and  4511],  from 
Skeltiekl  Pen,  8  miles  S.  of  Hawick  and  Pikethaw  Hill,  Tcviot 
Head,  13i  miles  S.  of  Hawick,  are  fairly  similar  to  the  phonulite 
of  Traprain  Law  described  by  Dr.  Hatch.-)-  The  nephcline  in 
idiomorphic  crystals  is  in  places  moulded  on  the  felspars,  and  is 
generally  closely  associated  with  a  green  pleocnroic  soda- 
pyroxene — seginne  or  u'girine-augite.  The  rocks  fi'om  the 
neighbourhood  of  Stirling" Castle  [Nos.  6670  and  6d72]  furnish 
an  mteresting  example  of  the  formation  of  a  micro-pegmatitic 
base  in  an  augitc-diorite  by  later  intrusion  of  an  acid  rock 
(granophyre).  The  trachytic  rocks  have  a  specific  gravitv  varying 
from  2  54  [6625]  to  2  66  [6645],  the  average  of  nine  being  2  61. 
The  basalts  vary  from  2  76  [5935]  to  2  95  [4502],  the  average  of 
four  being  2*83. 

With  reference  to  the  remarks  made  on  p.  56  regarding  the 
occurrence  of  undoubted  tuflEs  and  lavas  in  the  Lower  Simrian 


*  See  Summat"!/  of  Progress  ior  1899,  p.  171. 

+  7VrrtM.  Roy.  Soc.  Edin.,  vol.  xxxvii.  (1892),  pp.  116-126. 
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roots  of  the  eastern  and  southern  Irish  counties,  the  following  Mr. 
petrogruphical  notes,  prepared  at  the  reaueat  of  the  Director*  ^ 
Crwerai  by  Mb.  »S£vmou&»  are  here  infierteu : — 

2iote«  on  Uie  Occurrence  of  Pyroclaatic  Rocks       Lavas  in  the 
Silurian  Series  of  the  East  and  South  of  Ireland. 

Rocks  of  p}Toclastic  orig^in  have  been  recognised  in  several 
localities  in  counties  Wateriord,  Wicklow,  and  Wexford,  while  to 
the  north  of  Dublin  others  have  been  luuiici  near  Balbriggan, 
and  also  a  few  miles  inland  from  that  place.  In  connection 
irith  these  Tolcanic  rocks  a  point  of  mterest  which  may  or  may 
not  have  special  significance  is,  that  their  outcrops  generally 
appear  near  the  boundair-lines  hetween  the  Lower  and  Up^ 
oilurian  formations,  a  ^turd  specially  noticeable  in  coimties 
Wicklow  and  Wexford,  and  to  a  less  extent  in  the  Balhriggan 
area. 

Tuffs  and  ashes  are  typically  developed  at  Duiihill,  Kilmurrin 
Cove,  Newtown  Head,  and  liLuimahon  Head,  etc.,  in  Co.  Wator- 
ford,  also  at  Carrickadagan,  Go.  Wexford,  at  Doffcarrick,  and 
Ballymoney  Fishery  in  the  same  county,  and  at  Balhriggan 
north  of  Dublin.  Acglomerates  and  Tolcamc  conglomerates 
and  grits  are  found  inland  a  few  miles  north-west  from  Tramore 
(neiglibourhood  of  Ballyscanlon  Loup-b,  T'lillcn  Castle,  ^c)^  and 
also  in  massive  beds  on  the  shore  near  Dulicarrick. 

^tisfactory  evidence  of  associated  undoubted  lavas  has  as  yet 
been  procured  only  at  a  few  places,  es^HJciaily  at  Knockmahon 
on  the  east  side  of  Bimmahon  Bay,  at  Newtown  Head, 
Bsllyscanlon  Lough,  and  in  the  little  bay  just  W.  of  fiunmahon 
Head.  North  m  Dublin,  eood  evidence  of  the  occurrence  of 
lavas  may  be  seen.  With  the  exertion  of  the  rocks  at 
Newtown  Qead,the  lavas  so  far  examinedl)y  Mr,  Seymour  are  all 
andesitic  in  clmrj^cter.  The  principal  type  is  t\n  andcsite  with 
small  augite-phcnocrysts,  sucn  as  tnat  at  Bunmahun  Head  and 
at  Ballyscianlon  Lough.  The  pyroxene  in  these  rocks  is  usually 
much  alLcrud,  and  ire(][uently  converted  into  epidote.  The  Bal- 
hriggan rock  is  a  calc-diabase,  without  conspicuous  phenociysts, 
hut  when  these  are  present  the  mineral  is  a  phi^oclase.  ill  of 
these  rocks  show  m  the  field  the  characteristic  "piUow"  or 
ellipsoidal  structure,  and  are  intimately  associated  with  sediments 
or  ashes  composed  of  volcanic"  detritus.  The  rock  at  Knock- 
mahon and  that  just  west  of  Bunmahon  Head  are  overlain  con- 
formably by  finelv-bandi'd  asli,  which  at  the  last  mentioned 
locality,  as  alreacly  described  (p.  57),  has  found  its  way  down 
into  the  cracks  between  the "  pillows "  forming  a  kind  of 
matrix  for  the  ellipsoids  of  the  lava.  The  rocks  at  Newtown 
Head  are  pale  grey  felsites  interstratified  with  tuf&  and 
foesiliferous  sediments.  The}'  are  compact  types,  and  often  show 
beautifully  developed  spherulitic  stnicture.  They  have  been 
descrihed  in  detail  hy  Ms.  Cowper  Bfisa*     The  tu£Gi 


*  Quart.  Jowm,  Oeol.  Soc,  vol  lv.»  pp.  781  and  763. 
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Mr.  H.  J.  and  ftgf^lonierat(^s  which  have  so  far  been  examined  micro- 
beymour.  scopically  are  on  liie  whole  acid  in  composiliun  A  few 
apjH3ar  to  l>e  slightly  more  hasic  as,  for  oxauipie,  the 
claiitic  rocks  of  Kilmurrin  Cove,  Duticarrick,  Bailymoney 
Fishery,  and  the  agglomerates  of  the  Ballyscanlon  Lough 
neighliourhood.  In  these  cases,  however,  the  original  character 
and  composition  are  rather  ohscured  owing  to  secondary  shearing 
effects,  and  the  devolopm^t  of  abundant  chloritio  material, 
wliich  pfive  tlic  rocks  a  more  basic  aspect  than  perhaps  they 
originally  possessed.  The  tuffs  and  ashes  of  Balbriggan  are 
andcsitic  in  composition.  As  a  ty]jical  example  of  an  acid  tuff, 
the  Duuliill  (Co.  Watorford)  vurioty  may  bo  cited.  Under 
the  microscope  the  ground  is  seen  to  be  microclastic,  of  a  pale 
colour  and  jull  of  verj  minute  -dull  coloured  indeterminable 
lapilli.  The  lai|^  fragments  contained  in  it  chiefly  consist  of 
felsites,  along  with  a  good  many  pieces  of  black  slate  and 
chloritic  patches  representing  altercxl  material,  apparently  in 
some  cases  basic  felsite.  The  smaller  lapilli  consist  of  scarce 
quartz  and  felspar  crystals,  the  latter  almost  completely 
kaolinized,  but  sometimes  showing  traces  of  repeated  twinning. 
The  fclsitic  lapilli  occur  in  all  stages  of  crystallisation ,  some  are 
devitrified,  others  glassy,  and  others  ajjain  pumiceous.  In 
seyeral  instances  the  more  compact  yaneties  show  beautifully 
developed  flow  and  perlitic  structures,  whidi  are  still  distinctly 
seen  in  spite  of  secondary  devitrilication. 

The  varieties  of  pyrocl rustic  rocks  wliich  sccra  to  be  slightly 
more  basic,  arc  in  scetiou  seen  to  be  very  bi^dilv  altered,  and  to 
contain  a  quantity  ot  secondary  chlorite  and  calcite.  Notwith- 
standing the  sboaring  which  some  have  undergone,  their 
originally  iraginental  cnaracter  is  ver^'  obvious.  The  presence  of 
pieces  of  basic  felspars,  appears  to  mdicate  a  more  basic  con* 
stitution  than  that  of  the  typical  acid  tulis  described  above.  As 
examples,  tiie  green  tuff  of  Sheep  Island,  and  that  of  Bailymoney 
Fishery  may  be  cited.  The  coarse  agglomerates  and  tufts  of  the 
l^allyscanlon  Loiicfh  area  contain  abundant  felsitic  fragments, 
and  less  commonly  aiidesitic  lapilli,  embedded  in  a  dark  green 
schistose  base  cuntiiining  chlorite  and  epidotc 

The  andesitic  luffs  at  Balbri^gan  vai^-  from  material  composed 
of  basic  Bcoriss  and  andesitic  lapilli,  to  fine  volcanic  grits 
shading  off  into,  and  interbedded  with  black  shaly  sediments. 
Some  nner  grit  bands  contain  fo.ssils.  A  variety  occurs  near  the 
Coast  Guard  Station  corajxjsed  almost  entirely  of  &agmental 
plagioclase,  being,  in  fact,  a  typical  crystal-tu£ 
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The  Palieontolopcal  determinations  required  for  guiding  the 
field-work  of  the  Geological  »Survey  in  England,  Wales,  and 
Ireland,  are  made  by  tbe  start"  of  Palaeontologists  under  MR. 
E.  £.  Newton  F.R.S.,  ai  Jermyn  tStreet;  those  in  Scotland  by 
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Mb.  B.  N.  Peach/  F.KS.,  at  the  Surrey  Office  in  Edinbuigfa.  Mb. 
Newton  and  his  stafif  are  Mkewise  charged  with  all  the 
pakeoDtolo^ical  work  connected  wit^  the  Museum  of  Practical 

feeology,  while  Mr.  Peach  names  and  superintends  th6  arrange^ 
ment  of  the  fossils  in  the  Survey  collections  which  are  dis- 
played in  the  Museum  of  Science  and  Art,  Edinburgh.  In  the 
followincr  pages  a  brief  account  will  he  ^'ven  of  the  more 
imporutul  parts  of  the  palajontoiogii;a.l  work  of  last  year. 

i  Paljbontolootcal  Dbpabtmkiit,  Lokcon. 

The  ordinary  duties  of  the  <>t>icers  connected  w'ah  tlio  mainten- 
ance of  the  collection  of  fossiis  in  the  Museum  of  Practical 
Geolog}%  and  with  the  registration  of  specimens  received  from  the 
Survey  and  otherwise,  although  necessarily  making  the  first  and 
a  large  demand  upon  their  time,  are  not  of  such  a  nature  as  to 
need  special  mention  in  this  place.  Between  four  and  five 
hundred  new  specimens  have  been  added  to  those  already 
exhibited  m  the  Museum,  and  certain  important  mattoro  of 
deaning  and  remounting  have  V)een  done. 

The  Lower,  Middle,  and  1]  per  Uevunian  fossils  have  under- 
gone a  thorough  revi.siuu  l>y  Mu.  H,  A.  Allen,  who  has  taken 
advantage  of  the  determinations  of  the  Key.  G.  P.  Whidburne, 
so  fiur  aa  these  have  been  ^Idished  by  the  Palnon,tographical 
Society.  Thk  series  of  specimens  is  of  especial  loJueron  account 
of  its  historic  interest,  many  of  the  specimens .  having  been 
ooUected  by  R.  A.  C.  GIodwin-Austen,  J.  W.  Saltkr,  W, 
Penoelly,  .  and  others,  while  they  include  many  of  the  type 
specimens  ligured  by  John  Phillips  in  his  "  Paiaeozoic  Fossds 
of  Cornwall,  Devon,  and  West  Somerset."  A  Catalogue  which 
has  been  prepared  by  Mr.  Allen  of  all  the  type  and  figured 
specimens  from  the  iJevuniau  rocks  contained  in.  this  Museum 
will  be  found  on  page  196,  and  it  is.  hoped  will  prove  <  useful 
to  workm  among  these  older  rocks. 

A  series  of  Miciast^  from  the  Upper  Chalk  has  been  prepared 
and  mounted  in  a  special  case  in  the  Museum  to  illustrate  the 
remarkable  work  recently  done  on  this  group  of  fossils  by 
Arthur  Howe,*  who  has  shown  the  presence  of  certain 
characters  of  the  test  which  gradually  change  as  the  organisms 
are  followed  from  iovv^er  to  higher  stratigrapnical  horizons.  One 
of  these  characters  is  foimd  m  the  ambulacral  areas.  Among 
the  forms  of  MierasUr  in  the  lowest  parts  of  the  Upper 
-  CSbalk,  the  median  part  of  each  of  the  ambulacral 
areas  is '  smooth,  as  shown  in  3/.  cor-hovia  and  Jf.  Leekei, 
species  characteristic  of  the  Holaster  planum  zone ;  in  another 
fonn,  the  middle  part  of  the  ambulacral  area  shows  the  zigzag 
suture  line  more  or  less  distinctly,  and  this  character  is  com- 
monly met  with  in  J/",  patcivrmr  in  the  same  zone,  and  some- 
times in  the  zone  of  M.  cai'-testiulhiarium.  In  the  last-named 
isone  the  zigzag  suture  is  most  often  deeply  depressed  with  oblique 

*  Qttart  Jawm,  &eol.  Soe.,  vol  W.,    494  (1899).       "  -  • 
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sides,  and  the  ends  of  the  plates  are  cusliion-like.  Micrasters  with 
those  and  certain  other  characters,  and  with  the  test  as  wide  as 
it  is  long,  havu  been  called  M.  car-ieittiidhiariaDt,.  In  the  still 
higher  ssone  of  M.  eor-aii^iiUM»i,  the^  ambulaczal  area  is  less 
depreased,  the  zigzag  ^oot6  becomes  almost  straight  and 
deeply  cut,  and  the  cuahiona  aie  granulated,  characters  which 
are  tound  in  the  common  Micraster  of  these  beds,  M.  cor- 
anguinum  llie  gradual  change  from  one  form  to  another 
makes  it  ditiicult  to  dcscrilx;  them  in  words,  but  in 
the  Museum  is  .shown  a  series  cfirefully  selected  from  each 
of  the  three  zones; — 1.  HoUister  jiUmus.  2.  Micraster  cor- 
testudinarium.  3.  M.  cor-amguinum.  The  specimena  from 
each  of  the  zones  are  kept  separate,  so  that  the  "vaiiatlona 
within  the  zone  may  be  seen,  as  well  aa  the  mdual  change  in 
passing  from  lower  to  hiffher  horizons.  Tnus  l^e  smooth 
anibulacral  area  is  not  found  above  zone  1.  The  zigzag  line  is 
commonly  found  in  zone  1,  and  sometimes  in  zone  2,  but 
rarely  if  over  in  zone  3.  The  deeply  divided  area  is  common 
in  zone  2,  but  rarer  in  zonas  1  ami  3.  And,  lastly,  the  straight 
deeply  cut  and  granulated  area  is  the  common  K>rm  of  zone  3, 
but  is  larely  if  ever  met  with  in  zone  2,  and  neyer  in  zone  1. 

The  determination  of  the  series  of  specimens  collected  by  Mb. 
Lahpluoh  in  1899  from  the  trial  borings  at  WestBraboume  and 
Penshurst,  and  including  fossils  from  several  horizons  of 
Cretaceous  and  Oolitic  rocks,  has  occupied  much  of  Dr. 
Kitchin's  time  during  the  year,  and  the  work  is  not  yet  com- 
pleted Numerous  other  fossils,  received  from  the  Survey 
officers  during  the  year,  have  aLsu  been  determined  by 
the  pabwmtdogists,  and  prsliminaiT  reports  have  In 
oertam  cases  heea  supphed  to  £he  various  officers. 
Carboniferous  fossils  from  tne  Isle  of  Man  were  determined 
for  Mr.  G.  W.  Lamplugh,  and  from  South  Wales  for  Mbssbs. 
Strahan  and  Tiddeman.  A  number  of  obscure  specirnens  from 
Skye,  sent  by  Mr.  H.  B.  Woodward,  are  probabh  of  Hhaetic 
age ;  and  others  are  more  definitely  from  the  Lias  and  Inferior 
Oolite.  Lias  fossils  from  Leicestershire  have  been  determined 
for  Mb.  0.  Foz-Stbangways  ;  Oxfordian  and  Corallian  speci- 
mens from  St.  Ives,  Elsworth,  and  other  loosfities  in  the 
counties  of  Huntingdon  and  Cambridge,  for  Ifo.  C.  B.  Wedd  ; 
Kimmeridge  Clav  and  Weald  en  fossils  from  Dover,  and  Lower 
Greensand  fossils  from  Midhurst  and  Pulborou^h,  for  Mr. 
LAMPLUGTf ;  also  Chalk  fossils  from  several  lociilities  for  ATr. 
C.  E.  Ha  WKINS.  A  number  of  Devonian  fossils  from  Devon  and 
Cornwall  nave  oeen  received  from  Mr.  W.  A.  E.  Ussheb,  which  as 
yet  have  only  partly  been  worked  out  by  Mr.  Newton. 

In  the  Bwiwma/ry  of  Progress  for  1899  (p.  133)  an  account 
was  given  of  the  discovery  bv  Mbssbs.  Peaoh  and  GuNN  oft 
Bhaetic  and  Lias  fossils  in  a  volcanic  vent  near  Shiskine,  Arran, 
and  of  a  fragment  of  chert  from  the  same  ground,  which  led 
Mr,  Peach  to  think  tbnt  Cretaceous  rocks  also  had  once  ex- 
tended over  this  part  of  Scotland.  Additional  specimens  have 
since  been  obtained,  which  confirm  the  determination  of  Khaetic 
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fossils,  and  carefiiV collecting  bvMR.  Macconochie  has  supplied 
iniporUmt  t  vidt  iic  c  regarding  tne  occurrence  of  both  LiAflsioand 
Cretaceous  ruckii  iii  tlie  same  great  vent. 

The  Lias  specimens  were  nearly  all  in  such  a  liuibie  con- 
dition tbat  it  was  necessary  to  harden  them  with  dilute  shellao 
Tarnish  before  taking  wax  impressions^  ^  which,  reproducing^ 
much  of  the  characters  of  the  original  fossils,  enabled  many  m 
them  to  be  specifically  determined.  About  30  distinct  forms 
have  been  identified ;  ^me  of  them  with  more  certainty  than 
miL'ht  have  been  anticipated.  Among  these  are  several  small 
e:ia.mples  oi  Amvfuyiiites  angtUatiis  and  (irypluha  arc uata,  also 
AmJjerleya  acumhiatu,  PlenroUnnarta  te<:taria,  Cardinia 
Lister i,  Nueulana  Tatei  {Reiievieri,  Tate),  Lmia  muccincta,  *ic. 
Sudi  an  assemblage  of  species  points  unmistakably  to  the  zone 
of  A,  i^nguUUua ;  and  none  of  the  forms  iound  muitate  against 
the  rock  being  of  that  age.  A  further  confirmation  of  this 
inference  is  foimd  in  the  fact  that  all  the  specimens  seem  to  have 
come  from  one  bed  only,  the  little  differences  in  their  appearance 
being  almost  certainly  due  toditierent  degrees  of  decomposition  ; 
there  is  likewise  the  negative  evidence  of  the  absence  of 
characteristic  fossils  of  the  A.  plan</rifis  and  A.  Bucldandi 
zones. 

With  r^ard  to  the  Cretaceous  rocks,  the  presence  of  which 
had  been  so  shrewdly  suspected  by  Me.  Pbach  from  the  small 
fingment  of  chert   encloeing   obscure  Foraminifera.  many 

specimens  of  hard  grey  limestone  and  of  fragmentary  chert  or 
mnt  have  now  been  secured.  The  tirst  piece  of  the  limestone 
sent  to  Jermyn  Street  was  sliced  for  the  microscope,  and  on 
comparison  with  sections  of  Antrim  Chalk  was  found  to  bo 
like  specimens  ui  ilie  latter,  in  whi:h  the  whole  rock  has 
become  saccharoid  in  character,  leaving  only  £unt  traces  of  the 
organisms,  so  that  it  seemed  aknost  certain  that  the  Anan  lime- 
stone  is  a  similarly  altered  chalk.  Many  of  the  specimens,  both 
of  limestone  and  flint,  subsequently  collected,  showed  undoubted 
organisms,  such  as  sponge-spiciiles,  Foraminifera,  Sec.  A  number 
of  sections  having  been  prepared  for  the  microscope,  parts  of  the 
limestone  were  lound  to  he  unaltered  and  full  of  Fornnnnifera, 
while  some  of  the  Hint  contained  maiises  of  spongu-spicules  as 
well  as  Foraminifera.  The  more  important  fossils  noticed  were 
/nocieramus-shell  (showing  prisms),  polyzoa,  echinoderm-fzag- 
ments.  PoroaphcBra  glohmaris,  hexactinellid  sponge-fragment, 
tetractinellid  spicules,  Ghbigerina  eretacea,  Textularia,  S^g. 
That  the  limestone  and  flint  containing  these  organisms  is  of  the 
ace  of  the  Chalk  seems  certain  It  may  be  added  that  Dr 
d.  J.  HiNDE  has  been  good  enough  to  examine  the  slides,  and 
agrees  that  they  can  only  be  refeiTed  to  tliat  formation.  A 
catalogue  of  types  and  ligured  specimens  from  British  I'lioceue 
and  Heistocene  strata,  preserrecl  in  the  Museum,  has  been 
drawn  up  by  Mb.  Allin,  and  is  printed  in  the  Appendix,  p.  182. 

On  two  or  three  occasions  small  series  of  tossils  collected 
during  the  reriston  of  the  Silurian  districts  in  Ireland  have  been 
sent  to  Jermyn  Street,  and  haye  been  reported  upon  by  the 
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palfBontologists  thoro.  One  set  from  Stamnllen,  Co.  Dublin, 
inchidcs  examples  of  Mono<jj-'i i>f  us  pr-iodon.  nrul  M.  Flemlngi, 
which  show  that  beds  of  Taraniion  or  Wcniock  age  exist  in 
that  locality.  Two  .slabs  sent  from  near  (ioroy,  Wexford,  were 
found  to  contain  graptolites  referable  to  tlic  genus  Dichograptus, 
and  a  Bpecimen  probably  of  Can^oeoms  Wrighti,  making  it 
tolerably  certain  tnat  rocks  of  Arenig  age  are  present  in  that 
area. 

The  Survey  is  under  obligation  to  Mb.  V.  M.  Turnbull,  who 
has  courteously  lent  a  collection  of  more  than  1  ,^00  specimens 
ot  fossils,  brougbt  togctlit^r  with  much  care,  from  the  Silurian 
rocks  m  the  neiLrhbourhood  of  Haverfordwest.  These  fossils 
will  be  of  much  value  for  the  purposes  of  the  future  re-survey  of 
that  district.  Their  specific  determination  is  therefore  desir- 
able, and  will  shortly  be  begun. 

Assistance  has  bieen  rendered,  as  far  as  possible,  to  those 
workers  who  have  wished  to  examine  specimens  in  the  collections 
of  the  Museum,  or  have  desired  aid  in  any  palieontological  work. 

Specimens  beloi^n^  to  the  Museum  hare  been  figured  duxing 
the  year,  aa  shown  m  the  subjoined  list : — 

Specimens  figared  in  the  FakBotUographieal  Soeieij^B  ▼elnme  for  1800 

by  liKS&Y  Woods 

Liinojpsis  cdbieiuls,  Woods.    Four  bpecimeas. 
ModtdlaJlagdH/era,  Forbea. 

„      vectiefisUj  Woods. 
Sepii/er  Uneatm,  Sow.    Five  specimenfit 
Trigonia  dtmteambensis,  Lyoett. 
„     cmatOf  d'Orb. 

By  Db.  Whblton  Hnn> 

,1         oblonrfus.  Hind. 
^        jf}licatu$f  f  ortL  Three  specimeua, 
AUortma  maanmOf  FurtL  Two  tpeonoena. 

Tellinomorpkajiieunda,  de  Kon. 
SoUnomya  primr^m,  Portl. 

„  excisat  de  Kon. 
SolenopsU  minor^  M*Coy. 
Conooordutm  rostratum,  Martin. 

I,         hibemicunty  Sow.   Two  specimens. 

„        deeu$utium,  Etberidge,  jnr. 

„        al<Uvm,  de  Kon. 

„         aliforme^  Sow. 

„        Koninckiy  Baily. 

Beaidee  the  above,  the  following  haVe  been  figared 

.  ■ 

Bsr  F.  A.  Bathxb,  <*Qeologlcal  Msgaane,"  May,  1900,  pi  Yiii-z,  ^  198. 
Bdrioagter  dweAtofUM,  Forbes. 

By  Da,  Wh«klton  Hind,  "  Quart.  Journ.  Geol.  See,"  vol.  ivl,  1900, 
p.  47 :—  •   •  • 

By  E.  T.  Nbwtok,  **  Proe.  Qeologisis'  Aaaoc."  vpL  zyL^lDOO,  p.  499 

A  remarkable  bone  from  tke  chalk  of  Caxton,  possibly  fefer* 
V'  abler  to  the  i^yncftodipAajta. 
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'  By  A.  C.  SiWASD^  ^Tnns.  Boyal  Soc  Edmburgh,"  ▼ol.  xzziz.,  1900, 
pMTt  4,  Na  34,  pl  1*  1 1,  p.  907 

L$pidopkioio9  SanowrUi  9  Witham. 

iL  Falaomtolooical  Work  in  Sootlamd. 

In  Scotland,  the  palaeoutological  requirements  of  the  Survey 
aiti  puriormed  by  aIr.  13.  N.  Peach,  Aciiiig  I'alaeuiituWiiit, 
with  the  asflistaiice  of  Mb.  A,  Macoonochib  and  Mb.  D.  I^it. 
The'  total  number  of  spedmens  of  foanls  collected  last  year 
was  929.  These  were  enteied  in  the  list-books  and  added  to 
the  collections.     Mb.  Macconochie  obtained  121  fossils  from 
the  Lower  Cambrian  rocks  of  Ross-shire ;  26  from  the  Lower 
Old  Red  Sandstone  of  Arran;   5  from  tho  Upper  Old  Red 
Sandstone,  and  242  from  the  Calciforous  SandsLont;  of  Ikr wick- 
shire;  and  in  the  reiaarkable  volcanic  venl  of  probably  older 
Tertiary  age  in  Arran,  he  collected  69  fossils  from  included 
masses  of  Khaetic  beds,  129  belonging  to  the  Lower  Lias*  and 
57  from  blocks  of  hniestone   which,  as  above  shown,  are 
Upper  Cretaceous.    Mr.  Tait  collected  61  specimens  from  the 
Ludlow,  and  1G9  from  the  Downtonian  rocks  of  Lanarkshire  ; 
6  from  the  Lower  Old  Red  Sandstone  of  Lorne ;  (i  fiom  the 
Upper  Old  Red  Sandstone  of  File,  and  8  from  the  Lower 
CarDoniferoiis  rocks  of  Edinl>ur<(h.    Messus.  Pkach  .md  Cramp- 
TON,  while  carry mg  on  Llion  work  in  Caithness,  gathered  40 

specimens  of  fouil  fishes  &om  the  Caithness  flagstone 
series, 

Hb.  Feach  has  determined  365  specimens  of  fossils  from  the 
Lower  Cambrian  rocks  of  Skye,  872  specimens  from  the  Lower 

Carboniferous  rocks  of  East  Fife,  ana  200  specimens  from  the 
Carboniferous  rocks  of  Arran.  Drt  Orampton,  acting  under 
Mr.  Peach,  has  named  560  specimens  from  the  Lower  Car- 
boniferous rocks  of  Arran. 

Mr.  Peach,  as  usual,  has  made  a  preliminary  examination  of 
the  fosfldJa  ealhered  during  the  year,  and  with  the  assistance  of 
Mb.  Tait,  has  distributea  certam  groups  among  specialists  for 
determination.  The  secondary  fossils  have  been  sent  to  Mb. 
E.  T.  Newton  at  the  Jermyn  Street  Museum  ;  the  fossU  fishes 
to  Dr.  Traquair  ;  the  plants  to  Mii.  Kidston;  the  f  stracods  to 
Mr.  Kikrby,  and  tiic  lamellibranchs  to  Dr  W  HEKi/n'X  Hind. 
With  the  assistance  of  j\rR.  Tatt,  he  has  also  selected  and  sent  to 
Dr.  WheeltoX  Hini>  a  iaigu  suite  of  Carboniferous  lameUi- 
branchs  from  the  Scottish  collections  for  study  for  his  mono- 
graph on  that  group. 

During  the  year,  Dr.  Tbaquaib  has  named  on  behalf  of  the 
Siurvey,  146  fossil  fishes  from  the  Downtonian  rocks,  180  from 
the  Old  Red  Sandstone,  and  101  from  the  Carboniferous  rocks 
of  Scotland.  Dr.  Wheelton  Hind  has  determined  1,063 
lamellibranchs  from  the  Lower  Carboniferous  rocks  of  Fife. 
Mr.  Kidston  has  named  90  specimens  of  plants  from  the 
Lower  Carbomleruus  rocks  of  Arran  and  Fife.  Thus,  excluding 
255  Secondary  fossils  sent  to  Mb.  Newton  for  examination. 
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4,177  fossils  were  dotermined  for  the  Geological  Survey  of 
ScullauJ  during  the  year. 

The  following  notA  of  the  more  interastiDg  or  important 
features  of  the  pabeontological  work  of  the  Survey  in  Scotland 
last  year  have  been  supplied  by  Mb.  Peach. 

Cambrian. — A  further  search  was  made  by  Mb.  MACcoNOCHtt 
in  the  Lower  Cmnbrian  rocks  of  Ross-shire,  at  the  loaihtv  on 
Menll  a  (rlmbhais,  near  luniochowo,  where  ho  had  obtninctl  the 
spocimous  of  UleneUiLs  described  iu  181)4.*  The  additional  speci- 
mens obtained  by  him,  however,  add  little  to  our  previous 
knowledge,  beyond  the  fact  that  the  fossils  of  the  OleneUua'Zoin& 
are  found  to  include  a  small  brachiopod  Kutorgvna  ki6ra- 
doriea — a  form  described  by  Billikqs  from  this  zone  in  America. 
They  comprise  sovoral  specimens  of  OleneUus  Laptooriki, 
0.  reticvJUUuSt  OUnelloideB  armaiua,  and  larval  forms  of 
OlenelLits. 

Upper  Silurian. — The  Upper  Silurian  inlier  of  Lesraahagow, 
in  Lanarkshire,  was  again  searched  last  year  by  Mr.  Tait.  In 
lIlc  last  Suiitinary  of  Froy  resa  mention  was  made  of  the  discovery 
of  Birkema  ti^iana  in  the  Ludlow  "  Oeratiocazis  Bed"  at 
Shanks  CSastle,  Logan  Water ;  but  the  spedunen  reported  on  was 
from  a  quarried  fragment  which  was  not  actually  obtained 
directly  from  its  native  bed.  The  latest  explorations,  however 
have  supplied  several  s}>ecimens  from  a  band  in  situ.  The  same 
band  has  furnished  a  specimen  of  ThelodiLs  iscoticus  which 
exhibits  the  eye  spots,  a  new  point  in  the  anatomy  of  this  form, 
as  shown  ill  the  account  given  onpaee  175  by  Dr.  TRAgUAiR. 
Mb.  Tait  also  found  there  the  cnam  of  rounded,  sponge-like 
bodies  which  is  so  common  a  feature  of  the  Downtonian  fish- 
beds.!  On  the  same  horizon  llfo.  Erank  White,  of  Muirkirk,  a 
local  collector,  obtained  a  fine  specimen  of  Thelodus  scoticus  from 
shales,  where  it  is  associated  with  Crratiocarh  at  Jauu  Hum, 
near  the  head  of  Greenock  Water,  in  the  Muirkirk  district  of 
Ayrshire. 

Fishes  from  two  now  locahties  in  the  Downtonian  beds  of  tliis 
inlier  were  likewise  collected  by  Mb.  Tait,  one  in  the  Birkenhead 
Burn,  the  other  at  South  Field  Farm,  near  Strathayon,  where  a 

Kccimen  of  Atdeaspis  tesedlata  was  found,  which,  as  Dr. 
lAQUAiK  shows,  has  thrown  additional  light  on  the  structure 
and  affinities  of  this  form.  Another  feature  of  Mb.  Tait's  recent 
field-work  has  been  the  detection  of  a  band  with  Olauconome 
occupying  a  position  above  the  two  tisli-beds  of  the  Downtonian 
series  in  Birkenhead  liurn  and  at  Segghohn,  along  the  margin  of 
liiu  Lesmahagow  inlier.  The  stratigraphical  suocesi^iou  in  this 
district  is  thus  brought  into  unison  witn  that  which  had  abeady 
been  found  in  theHagshaw  inlier  to  the  south.}  The  remarkahfe 
sii  ss  which  has  rewarded  these  latest  explorations  by  the 
Fossil  collector,  especially  in  the  newly-^isoovered  locality  for 

*  Quart.  Jmirn.  Geol.  Soc,  vol.  1.,  pp.  661-675,  plates  xxix-xxxii. 

t  Suminor]/  of  J'r-Oifrt'ss,  y.  fc>5. 

4  '  Siiuriau  iiocka  o£  bcutlaud,"  in  Mem,  Geol.  tSurveyf  p.  5dd. 
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Downtonian  tishcs  near  StrathaTon  would  warrant  a  further 
openinir  up  of  the  strati!  at  this  poiiii  as  well  as  &  renewed  ex-  . 
amination  of  some  of  the  plat  es  already  worked. 

Old  Red  Sandstone. — With  a  view  of  following  up  the  dis- 
covery- of  ostracods  in  the  Lower  Old  Bed  Sandstone  of  Lome, 
announced  last  year  *  Mb.  Tait  again  made  search  in  the  strata 
of  this  age,  exposed  in  the  railway  cutting  about  a  mile  from 
Oban;  but  the  material  obtained  by  him  threw  no  further  light 
on  what  had  previously  been  ascertained. 

Mr.  Macconoch IE, under  Mk.  (ti  nn's  dircf  tion,  collected  some 
specimens  from  the  Lower  Old  Ked  Sandstone  of  Arran,  in  the 
-^vesiern  part  of  the  island  near  Dougrie,  and  from  the  shore 
north  of  Corrie,  but  he  was  only  able  to  obtain  a  few  specimen 
of  worm  tracks  sufficient  to  prove  that  the  strata  were  fossil 
iferous. 

Preparatory  to  the  publication  of  the  Memoir  on  Central  and 
Western  Fife  and  KiDioohiie  by  the  Director-General,  Mr.  Tait 
collected  a  number  of  specimens  from  the  Ui^per  Old  Red  Sand- 
stone of  the  "  Howe  oi  Fife,"  and  obtained  Jloloptychius  nobi- 
lissimu^^,  both  from  localities  whence  it  had  been  formerly  col- 
lected, and  also  from  some  new  places. 

Carboaiferous. — The  examination  by  Mr.  Kidston  of  the 
pluits  from  the  Calciferous  Sandstones  of  the  Eastern  Borders 
m  the  collection  of  the  Geological  Survey  of  Scotland,  prored 
that  these  strata,  which  occupy  a  low  hori/on  in  the  Calciferous 
Sandstone  group,  enclo.se  a  peculiar  and  little-known  flora.  As 
a  further  knowledge  of  these  plants  was  highly  desirjil.lo,  Mr. 
Macconochie  was  sent  to  obtain  additional  sj>< cinii  ns  from 
certain  places  which  had  formerly  been  successluUy  examined. 
Mr.  KiDSTON,  who  joined  in  this  search,  has  been  so  good  as  to 
supply  the  notes  of  the  results,  which  will  be  found  on  p. 

iJong  with  the  plant  remains  from  Lennel  Braes  on  the 
Tweed,  near  Coldstream,  a  locality  rendered  famous  by  its  fossil 
tiees^and  from  sections  on  the  %Vhiteadder,  near  ])uns<\  Mr. 
MACCOXoniiE  unearthed  the  remains  of  several  air-breathing 
land  aTunmls.  Of  these,  some  belong  to  the  genus  Eoscoy^mus, 
one  speeuncn  of  which  represents  the  tnnik  and  tail  of  a  krge 
species.  Several  specimcnF  ol'  millepedes  were  adso  fonnti.  One 
of  these,  belonj^iu*^  to  the  genus  Archidesmm,  show^  the  head 
and  several  of  the  anterior  segments  in  oxcellont  preservation. 
Two  oUior  forms  were  also  met  with,  one  belonging  to  the  genus 
Arekiulus  and  the  othw  to  Euphoheria,  A  large  comb-like 
organ  of  Glytdoscorpius  is  in  the  collection  recently  made,  which 
likewise  includes  several  specimens  of  the  higher  <  rustacea, 
belonging  to  the  genus  Anthvapalaeni<m,  as  well  as  other  forms 
new  to  science.  The  great  success  which  has  attended  these 
latest  explorations  indicates  that  it  is  from  these  low  and  least- 
known  horizons  of  the  Carboniferous  system,  as  developed  on 
the  Borders,  that  the  greatest  amount  of  new  material  is  likely 
to  be  procured. 


♦  Summary  of  Progrett,        pp.  9i»  and  186. 
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In  yiew  of  the  forthcoming  Memoirs  on  East  Fife  and  on  Amn, 
a  laige  suite  of  Carboniferous  fossils  has  been  named  by  MbL 
Peach,  assisted  by  Dr.  Cbampton.  Dr.  Tbaquaib  has  £ndlj 
named  the  fishes,  Dr.  Wheelton  Hind  has  examined  the  lameUi* 
brancbs,  Mb.  Kidston  the  plants»and  Mb^  Kibkbt  theostiacoda. 

Note  cn  Carboniferous  Pla/nie  from  BerwieMiire,  By  B, 

Kickton,  Esq.,  F.RS.E, 

"  At  the  well-known  section  on  the  Tweed  at  Lennel  Braes 
near  Coldstream,  the  following  species  of  plants  were 
observed: — 

Alcteornopterii  convoluta^  Kidston* 
Sphfiiopt-eris  patentittima,  £tt.  Bp. 
Lepidodendron  sp. 
Stipmaria  Jicouies^  Stemb.  sp. 
Si*gnMria^coide$t  var.  tmdmatOt  Qopp. 

"From  the  right  bank  of  the  river  Whiteadder,  one- 
fourth  mile  west  of  Edrom  House,  the  following  were 
collected : — 

^^<trrhnnti^€.*,  n.  sp. 

ALcicunnjpteru  convoluta,  Kidston. 
Sphenoptert9  wp. 

AiJihhm 

Le  idodeudron  sp. 

"  From  the  right  bank  of  Whiteadder,  three-fourths  of  a  mile 
below  Allanton - 

Ma rrh 'nif  ifpx,  n.  sp, 
•  Aiieimites  sp. 
&Dhenopt€rt9  degans^  Bron^ 
Aldeof^wpterit  eonwjluUtf  Kidston. 

Aphtehia  sp. 

Lepidoiiendron  ^piishergense^  Nathorst. 
Lepidostrofni^  so. 
StignMriuJic<na>  fi,  SteniV).  sp. 
Cardiocarpus  bicaudatus,  Kidston. 

"  A  few  specimens  still  await  examination,  and  among  these 

some  stems  showing  structure,  from  a  road-cutting  on  the  north 
side  of  Norham  Bridc^e,  from  Langton  Bum,  near  Duns,  and 
from  Lonnol  Brnes.   Tliorc  are  also  a  few  specimens  from  other 

localities  still  uuexaiiiiued. 

"Soiue  of  those  plants  discovered  in  Berwickshire  by  Mr. 
Macconochik  are  of  very  groat  interest.  Ije^ridodendroa 
BpitiihenfenHe  is  r<i[»j  e.scntod  by  a  fine  series  ot  specimens,  and 
though  I  possess  specimens  of  this  plant  from  other  localities  in 
Scotland,  I  am  mbebted  to  the  J^erwickshire  specimens  for 
characters  which  clearly  show  that  this  spi  (  ies  is  distinct  from 
Lepidodpndron  veltheinilanttmfSteTiih,,  of  which  I  previously 
thourlit  it  mipi-lit  \w,  a  variety. 

"The  sjjucimcn  of  Aneimites,  though  small,  is  the  £rst 
evidence  of  this  cfenus  in  British  rocl  s, 

"  Perhaps  the  most  interesting  fossil  amongst  the  pLmt 
impressions  collected  is  the  new  species  of  Marehantites,  a  genus 
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which  I  believe  has  not  been  previously  found  in  (  arboniferous 
rocks.  The  siinilarity  of  this  fossil  to  certain  recent  Liverworts 
is  most  Btriking. 

*'Tht3  spcimens  showing  structure  hare  only  been  partiall/ 
fizamined,  but  are  of  great  interest,  as  they  oome  from  a  horizon 
so  low  in  the  Calcifcrons  Sandstone  series.  They  comprise 
Btcms  of  lycopods  land  fern  petioles.  Some  of  the  specimens 
are  well  preserved,  though  otners  nm  not  m  so  satistnctorv  a 
state  of  preservation.  Only  a  proliiiiinary  examinntion  of  this 
mdtena.1  Uas  been  made,  Lut  the  majority  of  the  plants  from 
Norham  Bridge  and  Langton  Bum  appear  to  belong  to 
undoBcnbed  species." 

Nate  on  Fcmii  Fi^iea  from  tJie  SUwrian  Modes  of  the  Le^uia- 

hagow  District. 

By  Dr.  R  H.  Traqmvr,  FJLS. 

''Among  tbe  specimens  of  fishes  collected  last  spring  by  Mb. 
Tait  in  the  Ludlow  and  Downtonian  beds  of  the  Lesmanagow 
District  and  submitted  to  me  by  the  Director-General  for  exam- 
ination are  several  which  arc  of  vcrj  special  interest. 

"In  the  first  instftnrf\  two  snocimens  ot  Ooclolepidfle,  one  a 
Tlielodus  scot iciui  fr(  III  tho  Lu«llow  hods  at  Shanks  Castle,  the 
other  aZra?]a7'/t-''f  hon-itla  Ironi  the  Downloiiian  of  Birkenhead 
Bum,  show  a  distinct  dark  spot  on  each  side  of  the  head  near 
the  anterior  maimn,  in  a  position  analo^us  to  that  of  the  orMt 
in  PteraaipiB,  aad  of  the  sunposed  orbit  m  Drepanaapia.  If  these 
dark  spots,  as  seems  probable,  repres^t  the  position  of  the  eves  in 
the  CoelolepidiB,  their  interest  nom  a  zoological  point  of  view  is 
obvious. 

"A  nnirilnr  ol  ;  iditional  specimens  of  the  rare  and  hitherto 
impertectly  known  Ateleiufpis  tessellata  have  been  found,  which 
throw  much  light  on  the  systematic  position  of  this  remarkable 
genus.  The  presence  of  a  pair  of  orbits  in  the  middle  of  the 
top  of  the  head,  feebly  indicated  in  one  of  the  oriffmal  specimens, 
is  amply  confirmed ;  a  small  dorsal  fin,  situated  &r  back,  is  like- 
wise seen,  and  the  caudal  is  shown  to  be  hetorocercal,  but  not 
bilobate.  The  affinity  of  the  Atolcaspidje  with  the  Cephalaspidae 
is  thus  brought  out  still  more  stroni^ly  than  hetnrf\  but  the  head- 
shield  is  still  devoid  of  cornua,  and  the  general  form  of  the 
anterior  part  of  tho  creature  reminds  us  of  that  in  the 
Coelolepidae.^       •  ^ 

''  Two  additional  speeimex^  of  Lasaniua  probtemcUicus  have 
occivred  in  which  indications  of  the  soft  parts  are  preserved,  and 
which  confirm  the  observations  which  I  have  previously  made  in 
this  subject  in  my  Memoir  on  these  fishes  in  tlie  Tranmctiom  of 
the  Royal  Soc'irty  ofEdinbnrrjh  for  1890.  In  that  ^Temoir  I  tiir'i^cd 
two  small  round  markins^s  in  the  front  of  tlio  head  of  L.  annattis, 
but  attached  no  siguiiicunco  or  iniuoriauee  to  tliom,  and  it  is 
therefore  interesting  to  lind  that  tiiese  markings  reappear  in 
one  of  the  present  specimens  of  L.  probleniatictis,  and  conse- 
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miently  cannot  be  accidental.  That  they  represent  the  orbits  is 
the  most  probable  explanation  of  their  presence,  and  it  may 
here  be  pomted  out  that  in  their  position  they  remind  us  of  the 
ring-like  structures  or  markinsrs  considered  by  Dr.  Smith 
Woodward  to  reprosent  orbits  in  his  remarkable  new  Ostraco- 
derni  <^enus  Eui/itaneropa,  from  the  Upper  Devonian  of 
Canada." 

■ 

IV.— PRACTICAL  APPLICATIONS  OF  THE 
WORK  OF  THE  GEOLOGICAL  SURVEY. 

It  is  difficult  to  giye  an  account  of  the  numerous  practical 

applications  of  the  work  of  the  Survey  without  entenng  into 
details  wliich  would  be  inappropriate  nero.  It  may  be  enough 
to  say  that,  as  in  previous  years,  such  applications  have  l>een 
numerous,  and  that  they  tend  to  increase  as  the  nature  and 
utility  of  the  operations  of  the  Survey  become  more  widely 
appreciated.  Enquiries  for  information  on  geological  matters 
have  h&ea  made  at  each  of  the  offices  of  the  Survey  in  London, 
Edinburgh,  and  Dublin.  The  subjects  on  which  advice  or 
assistance  has  been  sought  have  enuDraced  such  questions  as 
building-stones,  limestone,  coal,  sand  for  glass-m?iking,  mining, 
water-supply,  well-sinking,  soils,  sites  for  bouses,  and  other  matters 
in  which  a  knowledge  of  geology  is  ret|uire(l.  Information  in 
response  to  these  enquiries  has  been  given  as  far  as  possible, 
personally  or  by  letter.  In  addition  to  private  individuals, 
engineers,  and  other  professional  men  who  nave  sought  advice, 
reterence  may  be  made  to  enquiries  rec^ved  from  various 
Government  Departments,  particularly  the  Local  Government 
Board  and  the  Postmaster-General,  as  well  as  the  London 
Coimty  Council  and  Urban  and  Rural  District  Councils  in 
different  parts  of  the  country. 

v.— MAPS,   MEMOIKS,  SECTIONS,  &a,  PEE- 
PARED  OR  PUBLISHED  DURING  1900, 

Much  time  and  thoiHfht  have  been  given  during  the  past 
vear  to  the  question  of  printing  the  maps  of  the  ueological 
Survey  in  colour.  Up  to  the  present  time  all  these  maps,  both 
on  the  one-inch  and  the  six-inch  scale,  are  coloured  by  hand. 
With  the  advance  of  geology  arifl  the  increase  of  detail  in  the 
mapping  of  the  country,  tne  m nps  become  every  year  more 
complicated.  It  is  practically  ini|)ossil)le  to  secure  either 
initial  correctness  of  hand-coluuriug,  or  subbe(|uent  accuracy  of 
revision  of  the  maps  when  coloured.  Ev«ry  copy  of  a  sheet 
must  be  separately  cheeked,  and  even  after  the  expenditure  of 
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much  time  and  labour,  mistakes  and  omissions  escape  di  rection 
There  can  be  no  doubt  that  the  labour  and  risk  ot  error  would 
be  onomiously  reduced  if  colour-printini;  were  adopted.  An 
experiment  m  this  direction  was  made  a  lew  years  ago  with  the 
map  of  England  and  Wales  on  the  scale  of  four  miles  to  one  inch, 
which  was  originally  preparod  in  a  hand-coloured  edition.  This 
map  was  afterwards  foepared  and  is  now  ohtainahle  in  colour- 
printed  form,  and  its  success  justifies  the  expectation  that  if  the 
otbor  maps  of  the  Survey  wore  produeea  by  colour-printing 
their  sale  and  public  nsefidness  would  l>e  nnn  h  iucreasea. 
The  question  of  ascertaining  what  systeui  of  (H)lour-printing 
would  be  most  suitable  for  the  special  needs  of  the 
Survey  was  entrusted  to  Mb.  Clement  Reid,  who,  after 
a  carssul  stud^  cf  Continental  and  American  maps,  has  devised 
a  scheme  which  has  heen  submitted  to  the  Director-G^eneral 
of  the  Ordnance  SuireT*  undtt  whose  auspices  certain  trials 
have  already  been  maae.  It  is  anticipatca  that  a  beginning 
^nH  immediately  ho  started  in  this  important  reform,  and  that 
one  or  more  sheets  of  the  1-incli  map  may  perhaps  be  issued 
colour-printed  before  the  end  of  the  present  year. 

Reference  may  here  be  made  to  the  display  of  a  mounted 
copy  of  the  colour-printed  map  of  England  and  Wales  at  the 
Pans  Exhibition,  mr  which  the  International  Jury  awarded 
to  the  Geologiosl  Survey  a  Grand  Friii  Diploma. 

(i.)— England  and  Wales. 

Manuscript  coloured  copies  of  the  6-in.  sheets  and  quarter 

f^br*ets  are  made  fmTu  the  ticld-maps,  and  are  deposited  m  the 
offices  of  the  JSui  v*  y  for  consultation  by  the  public 

Of  these  the  followincf,  193  in  number,  have  been  prepared  and 
deposited  in  the  Jermyu  Street  Othce: — 


Berkshire     16  S.W 


f>.W.,S.E.  :  44N.W.,  N.fi,  S.W.,  S.K;  46  N.W.,  N.E»_S.W., 
S.  E  ;  i  N      N.E.,  S.W.,  S.E. ;  47  N.W.,  N.E. ;  48^  N.W. ;  60 
N.W  ,  X.E. 
Bnckinghaniiiliire.—  40  N.E.,  8.E. 

GhMlure.--46  N.W.,  aw.,  N.E,  S.K  ;  47  N.W.,  S.W.,  S.K 

Comwall.-30  N.W.,  S.W. ;  71  S-E. 

Devonshire.— m  N  E. 

Dor8etahire.-U  N.W.  and  S.W.,  N.E.,  S.E. ;  10  N.W.,  S.W.  and  S.E. : 

15  N.W.,  N.E.,  S.W.,  S.E.  ;  16  N.W.,  N.R,  S.W.,  S.E.;17N.W^ 

S.W.  ;  25  N.W.,  N.K  ;  26  N.W.,  N.K.  ;  30  S.E. 
Glamorganshire. —9,  10,  11,  12,  16,  17,  18,  lU,  25,  26,  27,  28,  33,  34,  36, 

36,  39,  40,  41,  42,  4.%  44,  45,  46,  47,  48,  49,  50,  51  and  5«. 
Hampshire.— 8,  9,  44,  54,  62,  63,  67,  70,  71,  72. 
Isle  of  Man.  ^1,  2,  3,  4.  7,  8,  9,  10,  11,  12,  13,  14,  15.  17,  18. 
Leicestershire.— 33  N.W.,  S.W.  ;  38  S.E.  ;  39  S.W.,  S.E. 
MiddlMex.— lO&E. ;  15  N.R  ;  10  N.W.,  N.E.,  S.W. 
Honnunithshire.— 4,  9,  7, 11,  IS,  13^  17, 18,  19,  2S,  S3,  S4,  S7,  S8,  80,  aS, 

83,34,38. 
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Ozfordihim.--47  N.W.,  aW. ;  49  N.W^         aS.;  61  N.W^  NJL, 

S.W,  S.E. 
Rutland.— 8  S.E. ;  12  N.E. 

Staffordshire.— 10  N.K  ;  26  N.E.,  S.E. ;  £6  N.W.,  S.W. ;  3S  N.W. 
Bussex.— 22,  34,  35,  30,  6a 
Wtttahix«.— 72,  77. 

One-^mek  Maps  New  Series,  PvhUahed  in  1900. 

Sheet  187,  Iluntingdon.     One  edition  with  Drift   By  A-  C.  Q. 

Gaiuboh. 

Sheet  SOS,  fiedfoid.  One  editkm  with  Drift       A.  a  G.  GAimtoir. 

Sheet  231,  Merthyr  Tydfil.  Two  editions,  with  and  withoat  Drift 
By  A.  Straban,  W.  Gibson,  and  T.  C.  Cantrill. 

Sheet  316,  Havant.  One  edition  with  Drift  By  W.  Whitaub,  C. 
Rmd,  and  C.  E.  Hawkins. 

Diito^  New  Edition, 

Sheet  232. — Abergavenny,  with  additions. 

The  following  one-inch  New  Series  ^laps  are  in  the  hands  of 
the  engraver:— 123,  261  and  262,  298,  and  314 

(u.>-'Sooxi.Ain>. 

One-vneh  Maps. 

One  sheet  of  the  one-inch  map  has  been  pubhshed  duririg 
the  past  year : — 

No.  27,  by  S.  B.  Wilkinson,  embracing  the  north  part  of  the  Island 
of  Islay,  part  of  Jura,  and  part  m  CSolonaay. 

The  foUowing  fiye  sheets  are  fisur  adwiced  in  preparation, 
viz.: — 

Sheet  SI,  embracmg  the  northern  half  of  the  Isle  of  Arran,  the  soath 

end  of  Bute,  with  the  Little  Cmnbrae  and  nearly  the  whole  of 
the  Great  Curabrae  and  jiarts  of  the  coa.st  of  Ayrshire  and 
Cantyre.  It  is  confidently  anticipated  that  this  Sheet  will  be 
iseaea  during  the  summer. 
•  Sheet  37,  containing  the  country  on  both  sides  of  the  upper  half  of 
Loch  Fyne. 

Sheet  38,  showing  the  country  on  either  side  of  Loch  Lomond  west- 
wards  to  Glencoe  and  the  Gare  Loch  and  eastwards  to  Callander 
and  Fin  try. 

Sheet  05,  embracing  the  Perthshire  llighlanda  from  Dalnaspidal  to 
Loch  Tay,  and  from  Loch  Kannoch  to  the  Spital  of  Glenshee 
and  Dunkeld. 

Sheet  65,  containing  the  portion  of  the  Grampian  Mountains  and  the 
valley  of  the  Dee  from  Linns  of  Dee  to  oelow  Ballater  and  from 
Glen  Gaim  to  Clova. 

(ii.) — ^Ireland. 

Manuscript  duplicate  copies  of  the  foUowing  six-inch  maps 
have  been  made,  and  have  been  deposited  in  the  Dublin  office 
for  public  x^<;rence : — 

Co.  Tarlow  -   Sheets,  3,  4,  5,  and  8. 

Co.  Tyione  -  Sheet  16  and  part  of  Sheets  U  and  15. 
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One-indi  Mope  pMidud  vn  1900. 

Tho  foUowii^  new  editions  of  one-inch  sheets,  showing  the 
teyision  of  the  Silurian  rocks  in  the  north  and  east  of  Irdand, 
bftTe  been  issued  during  the  p^t  year — ^viz.,  Sheets  87,  38, 
47,  50,  57,  80, 87,  and  90.  White  the  present  Summary  is  in 
preparation  two  additional  sheets,  Nos.  67  and  79,  have  been 
published.  A  large  number,  comprising  all  the  Silurian  ground 
to  the  north  of  Dublin,  are  now  with  the  engraver.  Tnos(^  of 
tho  central  and  south-eastern  counties  are  in  course  of  pre- 
paration for  the  engrayer,  and  will,  as  far  as  possible,  be 
published  this  year. 

n.-Bsonon. 

One  Sheet  of  Vertical  Sections  (No.  83)  of  shafts  in  and 
below  the  Pennant  Grit  in  the  Tatf,  Aberdare,  and  Rhondda 
Fach  VaUeys,  of  the  South  Wales  Coal-field,  has  been  published. 
Two  other  sections  are  in  tho  liauds  of  tho  lithographers. 
These  Sheets  of  Vertical  Sections*  which  were  being  prmted  off 
in  1899,  were  unfortunately  destroyed  by  a  fiie  at  uie  printers. 
They  have  now  been  re-drawn  and  re-engraved,  Mid  are  nearly 
ready  for  issue. 

Til.— MBMOTBff, 
A.~Offioial. 

1. — England  and  Wales. 

Durii^  the  year  four  Memoirs  hare  been  published,  namely : — 

"Summary  of  Progress  of  the  Geological  Survey  of  the  United 
Kingdom  for  1899,"  pp.  214.    Price  Is. 

"The  Cretaceous  Rocka  of  Britain,"  Vol.  I.  The  Gault  and  Upper 
GreensaDd  of  Eoi^nd.  By  A.  J.  Jukbs-Bbownb,  with  Oontri- 
hut  ions  by  William  Hill,  pp.  499.    Price  99. 

"The  GeolQKy  of  the  South  Wales  Coallield."  Part  IL,  the  Country 
arotmd  Abergavenny.  By  Aubbxt  Stbahan  and  Waloot 
Gi&soN,  with  Not68  by  J.  R.  Daktmb  and  Paov.  W.  W.  Watts, 

pp.  103.    Price  2.s. 

It  is  intended  that  as  each  Di.strict  or  Sheet  of  this  important 
region  ia  completed  a  deflcriptive  account  of  its  geology  aiudl  be 
piibli-shed  as  nearly  aa  poa.iible  simultaneously  with  the  map. 
This  series  of  pamphlets  will  eventually  form  a  detailed  and 
exhaustive  Monograph  of  the  South  Wales  Coalfield. 
"The  (ieologv  of  the  Country  between  Atherstone  and  Charnwood 
Forest.^'  By  C.  1'ox-Stranoway%  with  Notes  by  Fsor.  W.  W 
Watts,  pp.  102.    Price  2a. 

The  following  Memoirs  are  in  different  stages  of  progress : — 

"The  Geology  of  the  laleof  Man."  By  G.  W.  Lampluoil  (In$lip 

■  •  proofs 

Gkdde  to  the  Geology  of  London."  By  W.  WmTAKSB.  6tli  Edition. 

(At  the  pnnt€7's.) 

"The  Cretace^jus  Kocks  of  Britain,"  Vol.  II.  A.  J.  Jukes-Browite, 
with  Contributions  by  Wiluam  Hill.   {At  tfie  printtrt.) 

'*The  Water  Supply  of  Berkshire.'*  9y  J.  H.  Blake,  with  Gon- 
tribations  by  WnxiAM  Whitazke.  {In  dip  proof,) 
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The  Geolocnr  of  the  Ooonliy  aroimd  Exeter."   By  W.  A.  TTsbhIb, 

with  Notes  by  J.  J.  H.  Teall.   {In  slip  proo  f.) 
"The  Geology  of  the  Country  around  SouthamptoiL"    By  ChauanT 

Rkid.    (^1^  the  printers,) 
** The  Qeology  of  the  Countqr  aroond  Kingsbridge  and  Selcombe."  By 

W.  A.  E.  UssHER,    (In  i>rrjyarftti<,n.) 
"The  Geology  of  the  South  Wales  (Joai-titild*"  Part  UL,  The  Country 
around  Cardiff.    By  A.  Steahan  and  T.  C.  CAirntiLL. 

Part  IV.,  The  Country  around  Pontypridd.  Bv  A.  Strahan. 
R.  H.  TiDDiMAN,  aud  AV.  Gibson.  Part  V.,  The  Country  arouna 
Bridgend.  By  R.  H.  Tidoeman  and  T.  C.  CANxaiLL.  (/» 
preparuUon.) 

**The  Geology  of  the  Coontiy  aroond  Beading."   By  J.  H.  Blaxs. 

{In  preparation.) 

"  The  Geology  of  the  Conntiy  around  Torquay."  By  W.  A.  E.  UssHSB. 
{Inprtparatkm,) 

• 

2. — Scotland, 

The  Memoir  on  Central  and  Western  Fife  and  Kinross,  by  the 
Director  General,  alluded  to  in  last  Su  mmary  of  Progress  as 
nearly  ready  for  tlie  printer,  has  since  been  published.  It  forms 
a  volume  of  viii.,  284  pages,  and  is  sold  at  5s.  6d. 

Other  Memoirs  are  in  progress,  and  some  are  far  advanced. 
The  important  Memoir  on  the  North- West  Highlands  haa 
demanded  more  time  than  was  antici[)ated,  but  it  is  now  almost 
all  written,  and  it  is  hoped  that  it  will  be  published  early  next 
year.  The  Memoir  on  Eastern  Fife,  which  has  been  undertaken 
by  the  Director  General,  may  ]>n'^s!l>ly  bo  issued  by  the  end  of 
this  year.  Several  Sheet meoioirs  are  in  hand,  and  every 
effort  is  being  made  to  prepare  and  issue  them  simultaneously 
with  the  Sheets  of  the  map  which  they  describe,  or  as  soon  as 
possible  thereafter. 

It  may  be  added  that  in  order  to  fiimish  material  for  the 
illustration  of  some  of  these  memoirs,  Mr.  Robert  Lunn,  the 
Clerk  in  the  Edinburgh  Office,  last  year  visited  the  islands  of 
Arran  and  Cantyre,  and  took  148  photographs  of  rock-sections 
and  scenery. 

E —Non-Official. 

The  foUowing  is  a  list  of  the  non-official  publications  of  the 
members  of  the  staff  of  the  Geological  Suryey  of  the  United 
Kingdom  during  the  year  1900 : — 

Blake,  J.  H.—"  ExcuruoQ  to  Silchester.'^   iVve.  <3M.  ^cwe.,  vol.  zri^ 

pp.  513-516. 

^  GsiKiE,  Sir  A. — "De  la  Co-oiieratiou  luteniationale  daus  lea  luvestiga- 
t'ODS  Geologiques."    Comp-en  GeoL  Ittternnt.  viii*  Senion, 

 .  "Outlines  of  Field  Ocolopry."   5tli  Edit. 

 .  "  Elementary  Leaaona  in  Physical  Geography."   4th  Edit. 

 ^.  "Primer  of  Geology."  3rd  Edit. 

 .  "  Primer  of  Phyflical  Geography."   3rd  Edit 

 .  "Obituary  Notice  of  the  Duke  of  Argyll."    ATature,  toL  IzuL, 

p.  13. 

Gibson,  W.— "On  Rapid  Changes  in  the  Thickneas  of  the  Goal 
MoAsiiroa  in  North  Staffordshire."   llep.  Brit.  Assoc.  for  1900. 

 .  "  The  Upper  C!oal  Measures  Surrounding  the  Margins  of  the  North 

Staffofdahiie  Coal-fields,  and  their  Bearing  on  the  Extension  of  the  Coal- 
field to  the  Wert."  Trans.  Inst  Kin.  Eni^neera,  vol.  zz.  pp^  7d-78. 
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OooDCHiLD,  J.  G  — The  Soils  of  CumberUuid.'   In  Hodgion'a  "Flm 

of  Cumberland  "(Carlis/e). 

 ,    Solar  Energy  in  Relation  to  Ice."   Troc.  K.  Phys.  8oc.  Edin., 

YOLXIT.,  pp.  137-154. 

.  "  Some  Not«8  on.a  Book  Allied  to  limbiiigite^  tmt  North  Berwick.'* 
Ihid,  pp.  165,  IbQ. 

 .  "  On  the  Mamtenanee  of  the  Earth'b  Internal  Heat*  TMd,  pp.  167, 

158. 

AjlfwU)  Ha  Mm.  —  "Notea,  Geological  and  Topographical,  on  the 
OmUin  HiUb,  Bkye."  Scottish  Mountmnerring  Club  Journ.,  vol.  vi., 
pp^  1-13. 

 .  "  Magnetic  Diatorbanoe  in  the  Isle  of  fikye."  Proc.  Camb.  PhiL 

Soc.,  vol.  X.,  pp.  2t>8-278. 
 •  "  Igneous  Bock  Series  and  Mixed  Igneoos  Boekt."  Joum.  of 

Geo].,  vol.  viii,  pp.  3^0-399. 

Hill,  J.  B.,  and  H.  Kynaston.  -  "On  Kentallenite  and  its  Relation  to 
Other  Igneoua  Rocka  in  Argyllshire."  C^uart.  Journ.  Geol.  Soc.,  vol.  Ivi, 
pp.  531-557. 

Jukxs-Brownx,  a.  J.—''  Note  on  a  Boring  through  the  Chalk  and  Gaolt 
near  Dieppe."   Geol.  Mag.,  Dec.  4th,  voL  vii.,  pp.  26-28. 

Krchin,  F.  L.— fDescription  of  a  new  CSretaoeons  Tertimiulma.'] 
Appendix  B  in  A.  W.  Rowe,  "The  Zones  of  the  White  Chalk  of  the 
English  Coast,"  pt.  1.  Proc  UeoL  Assoc,  wl.  rvi,  pt.  6,  pp.  35&-368» 
pL  viii,  fiAs.  1-5. 

 ,  "  Jmaasic  Fauna  of  Dutch ;  The  Bradiiopoda.*  Palaontologia 

Indica,  ser.  ix.,  vol.  iii.,  pt.  1,  jip.  1  «7.  i.-xv. 

Lampluoh,  G.  W.— '^Gq  borne  Effects  of  Earth-movement  on  the 
Carboniferous  Yoleanic  Bocks  of  the  Ide  of  Man."  Quart  Joum.  GeoL 
8oc,ToLlvi.,  pp.  11  22. 

 .  "  Note  on  the  Age  of  the  Engliah  Wealden  Series."  Geol.  Mag., 

Dec  4,  vol.  xii.,  pp.  443-446. 

NllWlOli,  K  T.— "  On  a  remarkable  l*onu  from  the  Chalk  of  Cuxton, 
possibly  referable  to  the  Bh>/nr^eph(ih''i"  A]>i>(  ii(iix  to  j)ai)er  by  G.  E. 
Diblev.  "Zonal  Features  of  the  Chalk  Pit«  in  th*  l\(>chester,  Gravesend, 
and  Croydon  areas."  Fkoe.  QeoL  Assoc,  y6L  zri..  i^j,  pp.  489*499. 

Reid,  C— **Qeolo8y  ot  Hampshire.''  In  **  Victoria  Connly  History." 
fol.  London. 

Seymouk,  H.  J.—"  On  the  occurrence  of  a  Blue  Amphibole  in  a  Horn- 
blende Kertantite  from  Co.  Down."  Qeol.  Mag.,  Dec.  4,  vol.  rii,  pp.  867- 
t60. 

SnuBAN,  A.—"  On  the  Conditions  under  which  the  Plants  of  the  Coal 
Plsnod  grew."  (Joint  disoossums,  Sections  G.  and  K.)  Bep.  British 
Assoc.  for  1900  (Bradford). 

Tkall,  J.  J.  H.— "The  Natural  Historv  of  Thosphatic  Deposits." 
(Prudential  Address.)    Proc.  Geol.  Assoc.,  vol.  xvi.^  pp.  309-387. 

 .  "On  Nepheline-Syenite  and  its  Associates  in  the  North-West  ci 

Scotland."   Geol.  Mag.,  Dec.  IV.,  vol.  vii.,  pp.,  385  392. 

TiDDKMAK,  K.  H.— "  On  the  Age  of  the  liaised  Beach  of  Southern 
Britain  as  seen  in  Gower."  GeoL  Mag.,  Dec  IV.,  vol.  vii,  pp.  441-448. 

UssHER,  W.  A.  E.— "The  Devonian,  Carboniferous,  and  New  Bed 
Rocks  of  West  vSomerset,  Devon,  and  C(«nwalL"  Proc  Somerset  Arch,  and 
Nat.  Hist.  8oc.,  vol.  xlvi. 

Wedd,  C.  B.  -"The  Outcrop  of  the  Corallian  Limestones  of  Elsworth 
and  St.  Ivos."   J{ep.  Brit.  A  ssoe.  for  1900  (Bradford). 

WooDWA&D,  H.  B.— "  A  Greywether  at  South  Kensington."  Geol.  Mag., 
Dec  IV.,  vol.  vii.,  pp.  543,  544. 

 ,  A.  R.  Hi  NT,  and  W.  A.  E.  Ussheb.—" Excursion  to  Newton 

Abbot,  Cbudleigh,  Dartmoor,  and  Torquay."  Proc  GeoL  Assoc.,  vol 
pp.  425-442. 
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APPENDIX  A. 

Oataloqub  of  Ttfbs  and  Fiqu&ed  Speoimens  from  British 
FuooBJsnt  and  Pleisiocbne  Strata  proserved  in  the 
MusEUK  of  PsAcnoAL  Geounst,  Loodtni. 

By  H.  A.  Allen,  F.G.S. 

Each  spedmen  is  entered  under  the  name  given  to  it  when 
first  figured.    When  the  aothor's  name  is  placed  in  hmckets 

(Phillips),  it  refers  only  to  the  species  and  not  to  the  genus. 
Hie  letter  T  indicates  that  the  specimen  is  the  type  of  the 
species.  The  figures  in  square  brackets  [7009],  oorrespcoid  to  the 
number  in  the  Museum  B^^ter. 

The  following  abbreviations  are  employed : — 

Mem.  Geol  Survey :  Memoirs  of  the  Geological  Survey  of  the 
United  Kingdom. 

Mon.  PaL  Soo. :  Monogiaph  of  the  Pal»ontQgraphical  Society, 

London. 

Quart  Joum.  Gool.  Soc. :  Quarterly  Journal  of  the  Geological 

Society  of  London. 

VJJB, :  Upper  Freshwater  Beds. 


FIiIOC£N£. 

PLANTS. 

Trapa  natans,  Linnnus. 

C.  Beid,  Mem.  Qeol.  Survey,  Plioeene^  ISeO,  p.  168  (Text  figure). 
Forest  Bed.  [7862]  Mondesley. 

ANIMALLA. 

» 

Hybrozoa. 

Hydractinia  circimiYestiflns,  S.  Wood. 

C.  Eeid,  Mem.  Geol.  Swey,  Pliooeoe,  1890,  p.  40  (Text  figure). 
CoralliDQ  Crag.  [7365]  Sutton. 

£CHUIOD££tfATA. 

Brissns  scille,  Agassis. 

K  Forbes,  Mon.  Pal.  Boc.,  1662,  pi.  ii.,  f.  4.,  p.  15. 
Oorslline  Crag.  [1359]      Iken,  Suffolk. 

Spatangus  regiuo,  Gray. 

£.  Forbee,  Mon.  Pal.  Soc.,  1852,  pi.  ii.,  f.  2,  p.  U. 
OonUine  Crag.  [7358]     Orford,  Suffolk. 

GaoL.  SuavKY.  StnciuBy  of  Pboossw  voa  1900. 
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Bbtozoa. 

VMciciilaria  aurantimn,  ^I.  Edwards. 

C.  Held,  Mem.  Q«oL  Surr^,  Fliooene^  1800,  ^  30  (Text  figiirf^V 
CoralliaeCrag  '  [7366]  iiuliolk. 

T.AMlT.T.fnB4H0HUTA« 

JjkAllia  eorbuloides,  Philippi. 

A.  Bell,  Trana.  R.  Geol.  Soc.,  (Joruw.,  vol.  xii.,  18&8,  pi.  iii.,  f.  26  a,  6,c, 

p.  lea. 

Iliooeiie.  [6477]     Bt  Erth,  ComwalL 


aitartoides,  Sandbeigor. 
C.  Reid,  ^f  m.  Oeol.  Survey,  FUoeene,  1890.  pi.  v.,  f.u  a,  b. 
Forest  Bed  {U.F.B.)  [Ck  17]     We«t  Bunton. 

CSolombella  erythrostoma,  Bonani. 

A.  Bell,  Trans.  K.  Qeol.  8oc.  (Jornw.,  vol.  xii.,  1898,  pi.  L,  f.  1,  p.  138. 
FUooene.  [C.R.  227]     St  Erth. 

^fdrobia  Steini,  £.  von  MarteoB. 

C.  Bad,  Mem.  OeoL  Sarvflj.,  FUooene^  t690,  pi.  v.,  f.  8. 
FoMrt  Bed  (U.F.E)  [G.R.  18]     Wert  BwitoD. 

nodioiiHsnBiiy  Stodberger. 

C.  Reitl,  Mem.  Geol.  Sanrty,  Flioeemb  1890,  pi.  v„  f.  6  a.  6. 
Forest  Bed  ( U  .F.B.)  [CK.  777]      We«t  Ronton. 

Lifhoglyphus  fascnB,  Pfeiffcr. 

C.  Reid,  Vein.  GeoL  Survey,  Pliocene,  1890,  pi.  v.  f.  9  a,  h. 
Weybourn  (  r  i-.  [C.  K.  1042j      Eaat  Bunton. 

Xittorina  gibbosa,  Ktheridge  and  Bell.  T. 
A.  Bell,  Traoa.  R.  Geol.  Soc.  Cornw.,  vol.  xii.,  1898,  pi.  iii,  f.  l^p.  154 
FUooene.  [6475]     St  ErtlL 

ITematura  rtmtoniana,  Saiidberger. 


3rce 

C.  Reid,  Mem.  GeoL  Snrvey,  Pliocene,  1890,  pi,  v.,  f,  lo  a,  b. 
Foreet  fied  (U.F.B.>.  [CB.  767]     West  Rirnton. 

Mflftmnift  magna,  Etheridge  and  BelL  T. 
A.  Bell,  Tians.  B.  Qeol.  Soe.  Comw.,  vol.  xii,  1698,  pi.  ii.,  f  i  n,  p  1 46. 
Pliocene.  [6476]      ISt.  Erth. 

Falndina  gibba,  SandV)Ci  ger. 

C.  Ileid,  Mein.  Geol.  borvey,  Pliocene,  1890,  pi.  v.,  f.  4  a.  6. 
Forest  lied  ( U.K. B.).  [C.  R.  762]      West  Runton, 

Triton  heptagonnm  (Brocchi). 

S.  V.  Wood,  Mon.  Pal.  Soc.,  1848,  pi.  iv.,  f.  8,  p.  41. 
Cocalline  Crag.  [7361]  Gedgmve. 

Turbo  (Senectufl)  Hewtoni,  Etheridge  and  Bell.  T. 
A.  Bell,  TtaDB.  B.  Geol.  Soc  Comw.,  wl.  xii.,  1898,  pi.  ii.,  f.  17,  p.  155. 
FUoeene.  [6479]     St  &tb. 

Valvata  fluviatOil,  Colbeau. 

C.  Rei<l,  Mem.  Geol.  Survey,  Pliocene,  I^^IX),  pi.  v.,  f.  7  a,  b. 
Foreet  Bed  (Derived  specimen  in  Leda  Myalis  Bed).  [C.R.  826] 

Weat  Bonton. 

* 
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Pisces. 

▲bramifl  brama,  Linnsens. 

E.  T.  Newton,  Mem.  Qeol.  Surrey,  Vert.  Forest  Bed,  1882,  pL  zriii, 
.     figs.  19,  20ja  ISe. 

Toce8tBed(U.fCB).  [O.B.867]     Wert  Btrnton. 


£.  T  Ne  Nvton,  Mem.  QeoL  Burvey,  Vert  Fdrait  Bed,  1888,  iiL  zix»  f.  8^ 

p.  131. 

Wey bourn  Crag.  [C.R.  981.]      East  Runton. 

Acerina  viilpjaris  1  Cuvier. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  iviii., 
f.  9,  p.  121. 

ForeetBed(U.F.B.).  [C.B.8U]  WeetRnnton. 

Acipenfler  ep. 

£.  T.  Newton,  Mem.  Geol.  Snrv^,  Vert  Forert  Bed,  1888,  pi  xix., 

f.  6,  p.  129. 

Forest  Bed.  (King  Coll.)      [7360]  Mimdesley. 

Anarrbichae  lupus,  Linnsdus. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Pliocene,  1891,  jJ.  x.,f.  4  a,  6, 
p.  91. 

Coralline  Ciag.  [2187]  Qedgravew 

Cirehaiodoa  megalodon,  Agassiz. 

E.  T.  Newton,  Mem.  Oeol.  Survr  v,VeTt.  PliocenG,  1891,  pi.  ix.,  f.  13a,  6, 
p.  103 :  C.  Beid,  Mem.  Geol.  Survey.  Pliocene,  1890,  p.  U  (Text  %ire). 
RedXTrag.  fslOO]     Foa£dl  m),  SnfilL 

Carcharodon  Rondeleti,  Muellor  and  Henle. 

L.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Pliocene,  1891,  pi.  ix,,  f.  4  a,  6, 
p.  104. 

Bed  Crag.  [7380]  Boyton. 

Oetorliiniii  nuudmiii,  Liniueua  (Spine  of  clasper). 

E.  T.  Newton,  Mem.  Geoi  SuxreytVert  PUoeene,  1881,  pi.  tz.,  f.  ISO)  5^ 

p.  102. 

Red  Crag.  [7319]  Woodbridge. 

Ghxysopbrys  ? 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Pliocene,  1881,  pi.  x.,  f.  i, 
p.  88. 

Red  Crag.  [7284]  Woodbridge, 

£.  T.  Newton,  Mem.  (3eol.  Surrey*  Vert  Pliocene,  1891,     z.,  figs.  8, 

3.  p.  88. 

Red  Crag.  [lOTl]  Boyton. 

ChrysophryB  ?  ("  Genus  doubtfnl  ") 

E.  T.  Newton,  Mem.  Oeol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  xii,, 
f.  12. 

Weyboum  Ciag.  [0 881]     Eert  Rnntoa 

Bfoz  Iveiiu,  Iiinn»iu. 

E.  T.  Newton,  ^rem.  Oeol.  Sumy,  Vert  Forest  Bed,  188S,  pi  xviil, 

figs.  11,  13.  p  123. 
Forest  Bed  (U.F.B.).  [C.R.  525,  G.R.  636.]      West  Runton. 

E.  T.  Newton,  Mem.  GJeol.  Survey,  Vert  Forest  Bed,  1882,  pi.  xviii,  f .  14, 
p.  12a 

Forest  Bed.  [Blake  4]  Kemingiani^ 
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Ush  scale. 

E.  T.  Newton,  Mem.  GboL  Survey,  Vert.  Forest  Bed.  1882,  pL  xviii, 
f.  10. 

FmslBad.  (KingOolL)     [7961]  Happiibmi^ 

OadoB  el^&iu  (Koken). 

B.  T.  Newton,  Hem.  OeoL  Bnwtjt  Vert  FliooeDei  1801,  pi.  x.,  f.  16, 

Corallme  Cra^  [1009]  Satton. 

Chkdnj  Inieni,  Liiiiwut. 

£.  T.  Newton,  MesLQeoL  SnrrajyVflrt.  FUoeene^  1891,  pi.  x..  f.  8,  p  94. 
Bed  Crag.  [1960J  Boyton. 

OftduB  minntiiff  Luuubcii. 

£.  T.  Newton,  Mem.  QeoL  ftarrcgr,  Vert  Fliooene^  1891,  ]iL  z., 
fifis.  9,  10,  a,  Ik.  06. 
OoralfineCng.  [7266]  Sutton. 

6adTis  morrliiiA,  Linnaeus. 

£.  T.  NewtoD,  Mem.  Qeol  Sumy,  Yert.  Forest  Bed,  1882,  pi.  xix.,  1 4, 
p.  127. 

FonitBed.  [G JR.  004)  Ttimingluin. 

E.  T.  Newton,  Mem.  QeoL  Bnrvej,  Yert  Foreit  Bed,  1888,  pi.  u, 

f.  5,  p.  127. 

Forest  Bed.  [C.R.  660]  Mundesley. 

Oftdus  pollacliius  1  Linnseus. 

£.  T.  Newton,  Mem.  QeoL  Surrey,  Yert  Forest  Bed,  1882,  pL  xviiL, 
t  24,  p.  128. 

WeybonmCmg.  [O.B.880]  fiastBimtoiL 

Oadnt  peeudsgleflnui  ]  Newton.  T. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pi.  x.,  figs.  6  a, 
6.  7,  p.  04. 

Coimuiiie  Cng,  [2183, 7266]  Qedgreve. 


K  T.  Newton,  Mem.  GeoL  Snnnqy,  Tert  Pliocene,  1801,  pL  x.,  iip.  18^ 

14,  p.  96. 

Coralline  Crag.  [1007]  Sutton. 

ChtleoB  canis,  Linneeus. 

£  T  NewtoD,  Mem.  QeoL  Surrey,  Yert  Forest  Bed,  1882,  pL  xiz.,  f.  7, 

p.  130. 

WejUnmi  Cng.  [CJt  081]     Bast  Bunton. 

B.  T.  Xe^vton,  Hem.  QeoL  Sumy,  Vert  Fliooene^  1801,  pL  ix.,  f.  0> 

p.  102. 

Pliocene.  [7377]      St  £rth. 

ImdmierythrojAthalmiif,  Linnseus. 

B.  T.  Newton,  Mem.  QeoL  Survey,  Yert.  Forest  Bed,  1882,  pL  zriiL, 

L  18,  p.  126. 

Forest  Bed  (U.F.B.).  [C.B.  868]  Mnndesley. 

ITotidauug  gig&B,  Sismonda. 

E.   T.  Newton,   Mem.  tieol.  Survey,   \  ei  i.   1  lio<.t;ne,  IbUl,  pi.  UL, 
f.  18,  p.  106. 

Bed  Greg.  [7367]     Batley  Marshes,  Boyton. 

GnoL.  QmMK,  SmoMT  or  Pnoaniei  von  lOOO. 
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OdontaBpis  contortidem,  A^wsis. 

£.  T.  Newton,  Mem.  QeoL  Bnnrqr,  Yert.  Pliocene^  1681,  pL  iz., 
f.  17  0^6,11.107. 

Bed  Ong.  [1078]  Bcqrton. 

OdontaspiB  (Lamna)  aleganB,  Agassiz. 

E.  T.  Newton,  Mkna.  Gool.  burvey,  Vert.   Plioceue,  1891,  pi.  ix., 
f  .  16  a,  6,  p.  107. 

AedCiag.  [7293]  Suffolk. 

Otolifhi,  probAUy  gftdoil. 

E.  T.  Newton,  Mem.  GeoL  Surrey,  Vert  Fweet  Bed^  1888,  pL  zniL, 

fips.  25,  26,  p.  128. 
Weybouni  Crag.  [G.R,  880j      East  Iluuton. 

Oxyrhina  bastalis,  Agassiz. 

E.  T.  Newton,  Mem.  GwL  Survey,  Vert.  Fliocene,  1891,  pi.  ix. 
1 16  a,  b,  p.  106. 

Bed  Cnig.  [8163]  Suffolk. 

Ferea  fluTiatiUfl,  Luumbos. 

£.  T.  Newton,  Mem.  QeoL  Sumy,  Vert  Forest  Bed,  1688,  pi.  xvlii. 
f.  7,  p.  180. 

Forest  Bed.  [Blake  3]  Kessinglaiul. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi  xviii. 
f.  8,  p.  180. 

Forcat  Bed.  (King  Coll.)         [7342]  Happisburgh. 

£.  T.  Newton,  Mem.  QeoL  Surrey,  Vert  Forest  Bed,  1882,  pi.  xriii. 
figs.  2-6,  u.  120. 

Poreet  Bed  (U.F.B.).      [C.R  684»  O.B.  683, 0.B.  519]     Weat  Buuton. 

Platax  Woodwardi,  Agassiz. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pl.zix.,f.  1, 

p.  122. 

Forest  Bed.  (King  Coll.)  [7353]      Norfolk  1 

£.  T.  Nowton,  Mem.  Oeol.. Surrey,  Vert.  Forest  Bed,  1888,  pi.  lix^ 

f.  3,  p.  122. 

Weyboum  Gni«.  [CB.  886]  Triminghun. 

Baja  batis,  Mont^u. 

K  T.  Newton,  Mem.  Geol.  Survey,  Vert  Forest  Bed,  1688,  pi.  nx.,  f.  9, 
p.  131. 

Weyboum  Crag.  [C.  B.  981]      East  Euuton. 

Baja  clavata,  Linnaaui. 

£.  T.  Newton,  Mem.  Qeol.  Surrey,  Vert  Forest  Bed,  1682,  pL  tit.,  figs. 
10,  II,  p.  132. 

Weyboum  Crag.  [O.B.  981]     East  Ronton. 

E.  T.  Newton,  Mem.  Geol.. Surrey,  Tert.  fliooene,  1681,  pi.  iz.,  figs.  19^ 
20,  p.  111. 

Red  Crag.  [7291,  7292]  Boyton. 

Baja  sp. 

E.  T.  Newton.  Mom.  Geol.  Surrey,  Vert.  Pliocene,  1891,  pL  ix., 

f.  21  a,b,  p.  112. 

Coralline  Crag.  [3196]  Gedgrare. 

linca  vulgaris,  Cuvier. 

E.  T.  Newton,  Mem.  Geol  Survey,  Vert  Forest  Bed,  1888,  pi.  zriil, 

f  23  D  1 27 

Forest  Bed  (U.F.B.)  [C.R.  504,  C.R.  608]      West  Ruutou. 

QeoL.  SvBTsT.  BtmicaBT  ov  Pao«bim  wotk  1900. 
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Bufo  sp.  (Ilium). 

E.  T.  Xewton,  Mem.  Gr«ol.  Survey,  Vert.  Forest  Bed,  IS82,  pi.  xviL, 
f.  8,  p.  118. 

Forest  B«l  (U.F.B.).  [7340]  WeBtBuntoiL 

Mton  cristatni^  Lanr.  (Femur). 

£.  T.  yevnoxx,  Mem.  Geol  Samj,  Vert  Forest  Bed,  188S,  pi.  zviL, 
,£g8.  d,  9  ck  p.  118. 
Foreet  BedfU.F.R).  [7341]     Weet  Rnntoii. 

F«liM  bems,  LinnsBUS  (Vertebca). 

£.  T.  Newton,  Mem.  QeoL  Survey,  Vert.  Fofeet  Bed,  1682,  p*.  xvii., 
figs.  6,  6  a,  6,  p.  116, 
Forest  Bed  (U.F.B.).  [G Jt.  956]     West  Hanton. 

Diomedia  sp.  (Ubia). 

E.  T.  Newton,  Mem.  GeoL  Survey,  Vert  PUocene,  1891,  pi.  ix.,  f.  1, 

p.  '<.'). 

Coraiime  Crag.  [7283]  Orford. 

Mamkalia. 

Ailixnu  anglicuB,  Dawkins  (Tooth). 

E.  T.  Newton,  Quart.  Joum.  Qeol.  Soc,  vol.  xlvi.,  ,1890,  pi.  xviii,, 
f.  9,  p.  451;  Mem.  Qeol.  Survey,  Vert  Pliocene,  1891,  pi.  i.,  f.  18»  p.  13. 
p.  13. 

Red  Crag.  [3884]     near  Boyton. 

Antilopet  (Cheek  teeth). 

R  T.  Newton,  Mem.  Geol.  Survey,  Vert  Pliocene,  1891,  pi.  iii., 
fiu'^  2  a-d,  3  <w,  S3k 
Bed  Urag.  [3936]  Woodbridge. 

E,  T.  Newton,  lUd^  1891,  pi.  iii.,  f.  4,  p.  23. 
Bed  OiBg.  [3922]  Sutton. 

E.  T.  Newton,  JM,  1891,  pU.  11.,  f.  5,  p.  S3. 
RedCng.  [3889]  Boyton, 

AitIcoIa  tmlii,  Pallas  ( Jav  and  teeth). 

E.  T.  Newton,  Mem.  Qeol.  Survey,  Vert  Foiest  Bed,  1883,  pi.  jxv^ 

figs.  2-5,  p.  Sf(. 

Forest  Bed.  (r.F.B.)  [C.R.  951]      West  liuntou. 

Arvlcola  arvalis,  Palla.s,  var.  (Cheek  teeth). 

K.  T.  Xewton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  xiv.,  f.  7, 
p.  90. 

Forest  Bed.  (U.F.B.)  [C.R.  516]     West  Hunton. 

Arricola  (Evotomys)  glareolns,  Schrebor  (Jaw  and  teeth). 

£.  T.  Newton,  Mem.  Qeol.  Survey,  Vert  Forest  Bed,  1882,  pi.  xiv., 
%s.  1,  1  a-c,  p.  82. 
Forest  Bed  (U.F.B.).  [C.R.  955]     West  Runton. 

Arvlcola  gregalis  (Pallas)  (Jaw  and  teeth). 

E.  T.  Newton,  Mem.  Qeol.  Suney,  Vert.  Forest  Bed,  1882,  ])1.  xiv., 

fi^a.  G,  n  a.  90. 

Forest  Bed  (U.F.B.).  [C.ii.  905]      West  Kunton. 

Airicola  (Evotomys)  intermedins,  Newton  (Jaws  and  teeth).  T. 
E.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Forest  Bed,  1882.  pi.  riii. 
figii.  2-7- p.  83. 

Foc«s*.Bed  <U.F3.)u  [C.R.  906,  C.R.  ftl4]     West  Ronton. 

QboL.  SUBVS7.    SUMMAJIT  OF  FboqBBSS  ?0R  1900. 
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cola  (KTotomjs)  iatvrmedliia,  Nowton  (Cheek  tooth).  T. 
£.  r.  Newton,  Mem.  GeoL  Qwmj,  Vert  Foieit  Bed,  196%  pL  aii. 

f .  8,  p.  83. 

Weybourn  Crag.  [CR.  8W]  TrfmingfaAm. 

Arricola  (Evotomys)  intermediiu,  Newton  (Humerus),  T. 
K  T.  Kewton,  Mem.  QeoL  Surrey,  Vert.  Forest  Bed,  1882,  pi.  xiii, 
figs.  10,  10  a,  p.  83. 
F(n«itlBed.  (7460]  KewiiigliHHi. 

Ar?icula  sp.  (Humerus  and  ulna). 

K  T.  Ne\*toii,  Mem.  GeoL  Survey,  Vert.  Forest  Bed,  1888,  pi.       1. 9. 

Forest  V^ed  (Unio  Bed).  [CR.  888]  Sidestrand. 

E.  T.  Newton,  Mem.  Qeoi  Survey,  Vert.  Forest  Bed,  1882,  pi.  xiv.,  f.  la 
Forest  Bed  (U.F.B.).  [O.R.  870J     West  Bunton. 

Balsna  affinis,  Owen  (Tympanic). 

£.  T.  Newton,  Mem.  GeoL  Survey,  Yert  Flioeene^  1691,  pL  vi,  f. «, 

p.  68. 

Red  Crag.  [7894]  Felixatow. 

Balsna  (BalaBnotug)  insignis  (Van  Beneflpr!>  (Tympanic). 

K  T.  N e wtoQ,  Mem.  Geol.  Survey,  Vert.  i^Uocene,  1891,  pi  vL,  f.  4,  p.  59. 
Bed  Crac;.  [7896]  Woodbridge. 

Biilff^*  primigenia,  Van  Bpncdon  (Tympanic^. 

K  T.  NewtoD,  Mem.  Geol.  ^Survey,  Vert.  Phocene,  1891,  pi.  vi,  1 8  gl  6, 

Bed^.  [7106]  Woodbridge. 

Balana  primigenia,  Van  Beneden  var.  B.,  Lydekker  (Tympanic).  T. 
B.  Lydekker,  Quart.  Jouia.  Geol.  Soe.,  vw.  xlui,  1887,  pi.  ii.,  figs,  i, 

BedCnlgf'  '  [7366]  Woodbridge. 

Balmodon  fhynloidei^  Owen  (Teeth). 

£.  T.  Newton,  Mem.  GeoL  Survey,  Vert.  Pliocene^  1691,  pL  viL, 

f .  2  a,  6,  p.  66. 

Red  Crag.  [8044]  Suffolk. 

E.  T.  Newton,  Mem.  GeoL  Survey,  Vert  Pliooene,  1891,  pi.  viL, 
f.  3  0,6,11.66. 

Bed  Creg.  [3931]  Woodbridge. 

Balsnoptera  deflllite  (Owen)  (Tympanic). 

E.T.NowtoD,  Mem.  GeoL  Survey,  Vert.  Pliocene,  1891,  pi.  vi.,  f  8,  p.  61. 
Bed  Crag.  [7296^  Felixatow. 

Batonoptera  emarginata  (Owen)  (Tympanic). 

E.  T  Newton,  Mem.  Oeol.  Survey,  Vert  Pliocene,  1891,  pL  vi 
f .  9  a,  6,  p.  68. 

Bed  Crag.  [2352]  FeUxBtow. 

Bdemnoziphius  compreaaua,  Huxley  (Host nun).  T. 
T.  H.  Huxley,  Quart  Joum.  QeoL  Soc,  vol.  xx.,  1864,  pi.  xix.,  figs 
A-D,  p.  393. 

Bed  Crag.  [7878]       BJackheath,  three  nulee  east  of  Ipewich. 

Bovine  (Lower  molar). 

E.  T.  Newton,  Mem.  GeoL  Survey,  Yert  Pliocene,  189] ,  pi  ill ,  f  i,  p.  21 
Bed  Uag.  [2000]  Boyton. 
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Gaais  luptLS,  Linnaeus  (Humerus), 

E.  r.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  iv.,  figs. 

Fon^Bek^'    '  (&iiigCk>ll.)  [7aS9]  Kotfolk? 

Capreolu  eapM  f  Gray  (Antler). 

E.  T.  Newton,  Mem.  Gkiol.  Survey.  Vert  Pliocene,  1891,  pi.  ir^  1 10,  p.  3S. 
ForoetBed.  (KiagColL)        [7384]  Happisbniih. 

OMtor  europsiigy  Owen  (Jaw). 

£.  T.  Newton,  Mem.  Qeoi  Sarray,  Vert  Foral  Bed,  188S,  pL  ziL, 
figB.  l-\p.  78. 

ForettBed(UJ'.B.).  (OJL694]  WeetBimtoa. 

Cutor  europaBTifl,  Owen  (pm^-) 

E.  T.  Newton,  Mem.  Geol.  Survej,  Vert.  Foreat  Bed,  1882,  pi.  xii., 
f  8  p  78 

Focert^  '  (KiogColL)  |:7844]  Norfolk! 

OMtor  enropaBni,  Owen.  (Tibia). 

£.  T.  Newton,  Mem.  Qeol.  Surrey,  Vert  Forest  Bed,  1888,  pi.  xii, 
f.  9.  p.  78. 

Forert  Bed  (U.P.B.).  [C,  B.880]     West  Bimtoii. 

Caitor  fiber,  Linnseus  (pm^). 

£.  T.  Kawton,  Mem.  GeoL  Surrey,  VeitFliooeiie,  1891,  pi.  v.,  f.  16  a,  6, 

p.  49. 

Bed  Crag.  [3825]  Bojton. 

GsrmB  ardenB,  Croizet  and  Jobert  (Antler) 

E.  T.  Newton,  Mem.  Geol.  Survey, Vert.  Pliocene,  1891,  pi.  ir.,  f.  6,  p.  25. 
Norwich  Cra^.  (King  Coll.)      [92]      Thorpe,  Norwich. 

Cerros  c&rnntoriun,  Laugel  (Antler). 

E.  T.  Newton,  Mem.  GeoL  Survey,  Vert.  Pliocene,  1891.  pi.  iv.,  f .  3w  p.  26. 
Norwich  Cmg.  [7322]     Coreiutlie,  Suffolk. 

Cervus  Dawkinsi,  Newton.    I  'ule.  C.  verticornis, 

Oerms  etaeriamm,  (Croizet  and  Jobert)  (Antler). 

£.  T.  Newton, Menu Ueol. Survey,  Vert.  Pliocene,  1891,  pL  iv-f . 6, p. 27. 
Forest  Bed.  (KingOoll.)         [7323]  Cramer. 

CeiYUB  tetraceros,  Mackie  (Antler). 

£.  T.  Newton,  Mem.  Geol.  Sarvej,yeft.  Pliocene,  1891,  pi.  iv.,  f.  2,  p.  38. 
Forest  Bed.  [O.R.973]  EastKunton. 

Ctmu  TarttoofBii,  Bawkina  (Antler). 

W.  Boyd  Dawkins,  Mon.  Pal.  Soc.,  1887,  pi.  v.,  f.  2,  p.  22 ;  C.  Reid, 
Mem.  Geoi  Sorveyi  Pliocene,  1890,  p.  183  (text  ^?\\r^  ir.). 

Forest  Bed.  [7308]      Kebsiugiand,  .SuiTulk. 

CenruB  verticornis,  Dawkins  (Antler). 

W.  Boyd  Dawkins,  Quart.  Journ.  Geol.  Soc,  vol.  xxviii„  1872,  p.  407 
(text  figure).  Dewribed  as  Cernii  Bawkinai,  £.  T.  Newton,  Mem. 
Geol.  Survey,  Vert.  Forest  Bed,  1882,  p.  54.  Refignred,  W.  B(^d 
Dawkins,  Mon.  Pal.  Soc,  18«7,  pi.  ii..  f.  1,  p.  7. 
Forest  Bed.  (King  ColL)         [7321]  Norfolk? 

Cervus  sp.,  (Cheek  teeth.) 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pl.iii.,  figs.  8  a, 
b,  9a,  6, p.  86. 

Bed  Ciag.  [7309, 7310]     Woodbridge  and  Boyton. 

Geol.  Stmvxr.   Summabt  or  Pboobxas  fob  1900. 
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190  TYPES  AND  FIGURED  SPECIHSNS  FROM 

Oetotii0rtiiiii  (Ptodoeatni)  dubtaim     Beneden)  (Tympanic). 

£.  T.  Newton,  Menu  Ctool.  Sumy,  Y«rt  Pliooenti  18dl,  pi  tL,  1 10  a, 

6,  p.  03. 

Red  Cr&g.  [7316]  Folixstow. 

CkoneziphiiiB  planirostris  (Cuvioi)  (Periotic). 

R.  Lyddeker,  Quart.  Journ.  Geoi.  Soc^  vol.  xliiL,  1887,  pi.  ii.,  f.  7, 

F.  1 4 ;  K  T.  NdwfcoD,  Mem.  Qeol.  Svmyi  V«rt.  Pliocene,  1891,  pi.  viiL, 
G,  p.  G9. 

Bed  Crag.  [7id8]  Woodbridge. 

Ooryphodon  (Cheek  tooth). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pL  v., 

f.  12  a,  6,  p.  41. 

Bed  Crttg.  [7S87]  Woodbridge. 

Belphiniu  (Phocsena)  orcoides,  Lankester  nTooth). 

R  Bay  Lankester,  Ann.  Mag.  Nat.  Hist.,  Ser.  3,  vol.  xiv.,  i  8G4,  pi.  viii., 
17,  18,p.3fie. 

Red  Crag.  [7306]  Woodbridge. 

Delphinoid  T  (Periotic). 

E.  T.  Newton,  Mem,  Geol.  ^ur  eey,  Vert.  Pliocene,  1891,  pi.  viii.,  f ,  9,  p.  80. 
Red  Crag.  [7299]  Woodbridge. 

Delphinoid.  (Periotics). 

K  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pi.  viii,  tigs. 
10  a,  6,  11  a,  6,  12  a,  6,  p.  80. 
Bed  Crag.  Figs.  10^  Felizstow,  7302 ;  11,  Woodbridge^  7903 ; 

12,  Boyton,  7304. 

Delpllinoid  (Right  tympanies 

£.  T.  Newton,  Mem.  QeoL  Surrey,  Vert  Pliocene,  1891,  pi.  viii,!  L3| 
p.  8a 

BedUrag.  [7812]  Boyton. 

Elephas  meridiOEalis,  Nesti  (m  3). 

A.  Leith  Adams,  Mon.  Pal.  Soc,  1881.  pL  xviii.,  f.  4,  p.  196. 
Forest  Bed.  (KingCoU.)        [7338]  Mundesi^. 

A.  Leith  Adams,  Mon.  Bd.  Son.,  i  ssi  pi.  zrii.,  f.  B.  (last  milk  molar). 
ForaetBed.  (KingOolL)  [7332]  Cromer. 

Equns  cahallus-fossilis,  Rutimeyer  (m^). 

£.  T.  Newton,  Mem.  QeoL  Survey,  Vert  Forest  Bed,  1868,  pi.  vii.,  figs. 

«     p.  30. 

Forest  Bed.  (King  ColL)  [7330]  Cromer. 

Xqiius  Btenonis,  Cocchi  (m^  ?). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pL  vii, 
figs  10, 10  a,  p.  35. 
Forest  Bed.  (KingCoU.)  [7831]  Gramer. 

Equus  stenonis,  Cocchi  (Cheek  tooth). 

E.  T.  Newton,  Mem.  Qeol.  Survey,  Vert.  Pliocene,  1891,  pi.  v.,  f.  7  a,  6, 
p.  37. 

Norwich  Crag.  [73U]     Thorpe^  NorwiolL 

Bncetus  amblyodon,  Du  Bus  (Teeth). 

£.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Pliocene*  1891,  pL  viii,  figs. 

I,  2,  p.  05. 

Bed  Crag.  [7317,  7318]  Woodbridge. 

GxoL.  Sunvsr.  fiotoc^BT  of  Pmwbms  iok  lOoa 
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VeliB  ]  (Fibula). 

E.  T.  Newton,  Mem,  Geol.  Survey,  Vert.  Forest  Ded,  1882,  pi.  iv.,  6g8. 

FomtfiScJ^^  (KiiigOoU.)  Norfolk  1 

Qaiella  atig]ioa»  Newton  (Frontal  and  born-oore).  T. 

E.  T.  Newton,  Quart.  Journ.  Geol.  Soc.,  vol.  xl.,  1884,  |il  \iv^ 
1 ,  3,  3,  6,  p.  280 ;  Mem.  GeoL  Survey,  Vert.  Pliocene,  Ibitl,  pi. 
iii.,  f.  (i  a-t\  p.  23. 

Norwidi  Ciag.  [7886^^]  Thoifpe. 

0]obicephaliis  vnddeni  (Linkaster)  (Periotic). 

K  T.  Newton,  Mem.  GeoL  Sorvey^Vart  Pliocene,  1891,  pi.  viiL,  f.  8^ 
p.  77.  (See  alio  JMphimu  cfwuUi.) 

Red  Craf^.  [7301]  Woodbridge. 

Herpetocetns  scaldiensifl,  v.  Beneden  (Tympanic). 

E.  T.  Newton,  Mem.  UeoL  Survey,  Vert  Pliocene,  1891,  pi.  vi.,  f.  U  a, 
6,  p.  94. 

BedCng.  [7316]  Felizstow. 

BimxUm  gradto  (Kaup)  (Cheek  teeth). 

£.  T.  Newton,  Mem.  QeoL  Sorfey,  Vert  Fliooene,  1681,  pL  t.,  f.  8  a,  6, 

p.  37. 

Red  Crag.  [7313]  Woodbridge. 

S.  T.  NewtoD,  Mem.  QeoL  Soirey,  Vert  Pliocene,  1881,  pL     f.  9  a,  6, 

p.  37. 

lUid  Crag.  (Baker  CoU.)      [7307,  7308]  Woodbridge. 

Hjracothermin  leporinnm,  Ow»'n  ^Check  tcoth). 

E.  T.  Newton,  Mem.  GeoL  Survey,  Vert.  Pliocene,  1891,  pi.  T.^f.6,  p.  41. 
Red  Crag.  [1^91]  Bogrton. 

Kartes  sylvatica,  N  ilsson  (nij^). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  iv., 

figs.  3,  3  a,  p.  25. 
Foreat  Bed  (U.F.fi,)  [CELMlJ  WestKonton. 

Mnitodon  aryernenilByGroieetand  Jobert  (v^ij), 

C.  Reid,  Mem.  Ged.  Snnr^,  Pliocene,  1890,  p.  16  (text  figure). 
Red  Crai?.  [1963]      Boy  ton. 

Kegaptera  affinis  (v.  Beneden)  (Tympanic). 

K.  Lydekker,  y uart.  Journ.  Geol.  Soc.,  vol.  xliii.,  1887,  pi.  iL,  figs.  4- 
4  a,  p.  7;  £.  T.  Newton,  Mem.  Oeol.  Survey,  Vert. Pliocene,  1891,  pi. 
vi.,  f.  G  a,  6,  p.  80. 
.  Coralline  Crag.  [7279]      Sudbourn,  Suffolk. 

lUaoplodon  loogirostris  t  (CoTier)  (Periotic). 

R.  Lydekker,  Quart.  Jonrn.  Geol.  Soc.,  vol.  .'^liii.,  1887,  pl.ii..  f.  8,  p.  7  ; 
E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pi.  viii.,  L  7, 
p.  78. « 

Bed  Crag.  [7887  Woodbridge. 

Meioplodon  teaphoidei,  Newton  (Rostram).  T. 
R,  T.  Newton,  Quart  Joum.  Geol.  Soc,  toL  zlvi.,  1890,  pL  zviii.,  f.  8  a, 

h,  p.  450. 

Red  Crag.  t'^'^J      Near  Woodbridge. 

Xvs  sylyaticns,  Linnsens  (Jaw  with  teeth). 

E.  T.  Newton,  Mem.  GeoL  Survey,  Vert  Foreat  Bed,  1882,  pLxiv.,figs. 

U,  11  a,  p.  93. 

Foraet  Bed  (u  J.B.).  [C.R.  899]     West  Runton. 

GiOL.  SosTsr.  SnounT  ov  Pnooniaa  ion  190O. 
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ICyogale  moschata  (Linnieiu)  (Vertebra). 

B.  T.  Newton,  Mem.  QeoL  Brnwy,  Vert  Foml  Bed,  1888,  pi.  rn^  figi, 

4,  4  ;,  6,  T).  08. 

Forest  Uad  (U .F.B.).  [C.B.  900]      West  Buoton. 

Orea  oitonienBis,  Capellini  (?<  l  i  ti< ). 

R.  Lydekker,  Quart.  .Tourn.  Geol.  Soc.,  vol.  xliii,  1887,  ]A.  ii.,  f.  9,  p.  7  ; 
E.  T.  ^Jewton,  Mem.  Geol.  Purvey,  Vert  Pliocene,  1891,  pi.  viii^  f,  6^ 
p.  78. 

Bed^rag.  [7800]  Woodbcidge. 

Piioca  (Kadi us;. 

E.  T.  Newton,  Mem.  QeoL  Borvey,  Vert  Forest  Bed,  188S,  pi.  fige. 

1,  1  a,  6,  p.  89. 

Forest  Bed.  [C.H.  875]      Wood  Hill,  Bunton. 

Hiyseter  maorocephalas,  Linnseus  (Tooth). 

E.  T.  Newton,  Quart.  Joum.  Geol.  Soc,  vol.  xlii.,  1B86,  pi.  xi.,  figs.  1-4, 
p.  316 ;  £.  T.  Newton,  Mem.  Geol.  Survey,  Vert  Fliocene,  1891, 
pi.  Tii.,  f.  1,  p.  65.  ' 
Foteetfied.  [l«M)]   * 


Bbinoeeros  etroscus,  Falconer  (pm^). 

£.  T.  Newton,  Mem.  QeoL  ^irvey,  Vert.  Forest  Bed,  1882,  pi.  viiL, 
figs.  6,  6  %  p.  38. 

Forest  Bed.  [7335]  FakefieUL 

Shinoeerai  indfiviu  (Kaup)  (up.  pm.). 

K.  T.  Xcwton,  Mem.  Geol.  Surrey,  Vert  Pliocene,  1891,  pL  ▼.,  1. 1  a,  A, 

p.  33. 

Red  Crag.  [7289]  Woodbridge. 

Btuninant,  genus  ?  (Metatarsus). 

E.  T.  Newton,  Me&L  QeoL  Survey,  Vert  Pliocene,  1891,  pL  iiL,  figs.  7, 
7  a,  hjp.  24. 

Coralline  Crag-  [7281, 7288]  Qedgnif«. 

Sorez  pygmteusl  Pallas  (Jaw  and  teeth). 

£.  T.  Newton,  Mem.  GeoL  Survey,  Vert  Forest  Bed,  186S^  pL  zt.,  fign 
11,  12.  p.  97. 

Fonet  Bed  (U.F.B.).  [C.R.  963]     West  Bunton. 

Sorez  vulgaris,  Linnaeus  (Jaws,  teeth,  humerus,  and  femur). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pL  xv.,  figs. 
6-10  a,  p.  97. 

Forest  Bed  (U.F.B.).     [C.B.  537,  C JU  900^  C.B^]  WestKunton. 

Sua  pa](iiocli(£ruB,  Kaup  (m  §). 

£.  T.  Newton,  Mem.  QeoL  Survey,  Vert  Pliooene,  1891^  pi.  iii.,  f.  IS, 
p.  .36. 

Bod  Cra#r.  [7306]      Boy  ton. 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Pliocene,  1891,  pL  iiL,  1. 14, 
p.  36. 

Bed  Crag.  [7311]  Woodbridgs. 

Sub  Bcrofa  ?  Linnasus  (m^). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi.  ii.,  f.  3, 
p.  43. 

Forest  Bed  t  (King  Coll.)         [7354]  Norfolk! 

Geol.  Survey.   Sukhxry  or  Pboobxss  roa  IdOO. 
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Inpimi  arremeEsis,  Devize  and  BooiUet  (Cheek  teeth). 

E.  T.  Newton,  Mem.  Qeol.  Sorr^,  Vert  FliooeiMv  1^1*  pL  t.,  f.  10  a>  6^ 

p.  40. 

BedCnff.  [7288]  WoodlnridKe. 

K  T.  Newton,  Mem.QeoL  Sumy,  Yert  Ftioeene,  1891,  pi.  t.,  f.  ii  a,  6^ 

p.  40. 

Ked  Crag.  £7^]  Boytoa. 

Trogontherinm  Cnvieri,  Owen.  (M&xilla  with  teeth). 

B.  Owen.Geol.  Magazine,  vol.  vi.,  1869,  f.  1,  p.  49  (text  figure)  ;  E.  T. 
Newton,  Mem.  GeoL  SuiTey,  Verk  Forest  Bed,  1888,  pL  xi,  f.  13^ 
p.  65. 

Forest  Bed.  (KiiigGoU.)         [784S]  Norfdkt 


Tirogontherium  CuTieri,  Owen  (pm  j ;  m  j,  j). 

E.  T.  Newton,  Mem.  QeoL  Smey,  Vert.  Foreet  Bed,  1882,  pi.  id.,  f .  8, 
p.  65. 

Foreet  Bed.  lC.iL  488]     East  of  Cromer. 

Trogontherinm  Cnvieri,  Owen  (pm  j;  m  Tt  t)* 

B.  Owen,  Geol.  Magazine,  vol.  vi.,  1869,  f.  3,  p.  51  ftrxt  figure); 
£.  T.  Newton,  Mem.  Qeol.  Survey,  Vert  Forest  Bed,  1862,  pL  xi, 

t  la  p.  <t6. 

FonstBed.  (KingCoE)         [7348]  Mvndedqr. 

Trogontherium  Cavieri,  Owen  (Tibia  and  filtula). 

R.  Owen,  Geol.  Magazine,  vol.  vi.,  1809,  pi.  iii.,  figs.  4-7,  p.  65 ; 
£.  T.  Newton,  Mem.  QeoL  Sniroy,  Vert  Forest  Bed,  1888,  pL  zi. 
figs.  19, 19  a,  p.  65. 
Forest  Bed.  (King  CoU.)  [7345]  Mo&desley. 

Tnniops  (Delphmns)  tnrsio  ?  (Bonnaterre)  (Vertebra). 

£.  T.  Newton,  Mem.  Qeol.  Surrey,  Vert  Pliocene,  1891,  pi  Tiii., 
f.l4  a,  6,  p.  80. 

OonJline  Ciag.  [C JL  880]     Broom  Fit,  Qedgnvt. 

VtMUB  feroi-fossilis  ?  Busk  (Max.  and  teeth). 

E.  T.  Newton,  Mem.  Geol.  Survey,  Vert.  Forest  Bed,  1882,  pi,  i, 
figs.  5,  5  <i,  p.  11. 
Forest  Bed.  (King  Coll).        [7388]  Mandesleyf 

ITmf  ipeltfu,  Blumenbach  (p 

E.  T.  Newton,  Mem.  Qeol.  Survey,  Vert  Forest  Bed,  1888^  pL  ii., 

figs.  2, 8,  p.  11. 

Forest  Bed.  [7337,  7338]     Oventmnd,  Cromer. 


Ojko.  Arsm.  SmMART  or  l^aoaBiss  von  1800. 
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PLEISTOCENE. 


PLANTiE. 

Sftlix  repeni  I  Lumsus. 

Oswald  Heer,  Phil  Tkans.,  vol.  152,  1863,  pi.  Ixxi.,  f.  6.  p.  loei. 
MatooeM.  i7dfff]     Bovej  "moey,  Dbtoo. 

Salix  cinerea,  lannsBua  ;  Saiix  repens,  i^inn.  i ;  Betola  iiaua,  Luiii. 
OsvnAd  Heer,  Phil.  Tnuuk,  toI.  152, 1863,  pl.  Izzi.,  f.l  Or-k,  a  1080. 
Fleutooeae.  (1960]     Bovegr  Tno&ff  Deron. 


ANIMALU. 
Oasixbopoda. 

Vnsiui  loagiroster,  Brocchi. 

Q.  W.  Lampli^gh,  Mem.  Qeol.  Survey,  I.  of  Man.  (In  thepru»\ 
Pl«atocene.  [7364]     Craaetall  PI,  I.  of  Mmi. 

jPiUTiB  nov.  sp.  I  Forbc??.  T. 

Ed.  Forbes^  "Malacoiogia  monensis,"  Cat.  Molluscal.  of  Man  (Edin.). 
1836,  pl.  lii.,  f.  1,  p.  60 ;  G.  W.  Lamplugh,  Mem.  OeoL  Survey,  I.  off 

Mau. 

Pieutocene.  [7363]      North  Coast  of  Isle  of  Man 

(washed  on  shore). 

VMta  S^modei,  Kendal 

G.  W.  Lamplugfa,  Mem.  Geol.  Survey,  I.  of  Man. 
Pieutocene.  [6163]     Cranetall  Pt,  I.  of  Mao. 

Vmw  moDoiiif .  Forbes. 

G.  W.  Lamping  Mem.  Geol.  Sorvey,  I.  of  >ran. 
Pleutooena.  [6166]     CranataU  Ft.,  L  of  Man. 

Trcqplun  daihratiu,  Limueus. 

G.  W.  Lamplngb,  Hem.  Geol.  Survey,  I.  of  Man. 
Pleistocene.  [6673]     Cranstall  Ft.,  L  ol  Man. 


Atss. 

Colymlms  septentrionalis,  liniueus  (Bones). 

E.  T.  Nevvton,  Geol.  Mag.,  1883,  pl  jii,  figs.  1-7  n,  p  97. 
Pleistocene  (Mundealey  Elver  Bed).  [lOb]  Muodesley. 


nephas  antiquns,  Falconer  (p.nLl). 

Leith  Adams.  ^To!..  Pal.  Soc,  1879,  pl  xii.,  figs.  3,  3  a,    66.  (HunetOsX 
Mon.  Pal.  Soc.,  1879,  pl.  xvi.,  fif?s.  6,  p.  214,  233. 
Pleistocene.  (Cotton  Coll.)  [7369,  7371]      Ilford,  Essex. 

Sleplas  primigenins,  Blumenbach  (m  ^). 

Leith  AdamS)  Mon.  Pal.  Soc.,  1879,  pl  xiL,  f.  1,  p.  106. 
Pleistocene.  [7373]  Crayford. 
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Mfennhu  (Arrieola)  ratticepi  (Key.  and  BkaiuB)  (Che«k  teeth). 

E.  T.  Kfflrtoo..  C(«)L  Meg,  1890^  p.      f.  ^ 
Pleistocene.  [8086]  Gnyfnd. 

-R  T  NewtoD,  QeeL  Meg.,  1080,  p.  464»  f.  8. 

Ileiatocene.  l6MZ]  Eritb. 


Tobofta^  Newton  (SkiiD  and  lower  jaw).  T. 
E.  T.  Newton,  Quart  Joam.  GeoL  See.,  toL  It.,  1898^  pL  xxriiL 

,  figs.  1-3,  p.  426.  ,  — n 

Fleutoom.  [6630]     Ightham  Fissure,  Kent. 

Kyodea  lemmuj  (Linnaeus)  (Cheek  teeth). 

E.  T.  Newton,  Geol.  Mag-  1890,  p.  464,  figs.  7,  8. 
Fliwbrtocena.  (SpwrAOolLr  [S640]  Irilii. 

ICyodea  torqnatua  (Dcsmarest)  (Cheek  teeth). 
E.  T.  Newton,  G«oi.  Mag.,  1800,  p.  464,  figs.  3-6. 

TUuUxtm.  (Spomll  Ooll.)  [5641]  Erith. 

gpermophilnfl  altaicos,  Eversmann  (Teeth  and  bones). 
E.  T.  Newton,  Geol.  Mag.,  1882,  pi.  iL,  figs.  1-13,  p.  61. 
natftooooe  (Antic  Aieah-waterSed).  [8870]  MaaM^. 


\  Oiox..  deatBt.  SvMUaair  ot  PsooaKaa  toa  1900. 
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APPENDIX  B. 

Catalootti  of  Ttfis  and  Fiourkd  Specimknb  Irom  BBiriaa 
DsvoNiAN  Strata  preserred  in  the  if  usKUii  of  FftAcriCAi. 
OiOLoaT,  London. 

By  H.  A.  Allen,  F.aS. 

Each  specimen  is  entered  under  the  name  given  to  it  when 
first  figured.  Wien  the  author's  name  is  placed  in  brackets, 
(Phillips),  ii  rufers  only  to  the  species  and  not  to  the  genus. 
The  letter  T  iiKiicatCii  that  the  specimen  is  the  type  of  tlio 
species.  The  identity  of  some  few  specimens  is  not  quite 
eeftain:  these  are  marked  fDonbtflil].  The  figures  in  square 
braokots,  [7009],  oonespond  to  the  number  in  the  Muaeum 
Register. 

The  following  abbreviations  are  employed  : — 

Trans.  GeoL  Soc. :  Transactions  of  the  Geol<)gical  Society  of 
London. 

Quart.  Joum.  Geol.  Soc:  Quarterly  Journal  of  the  Geological 

Society  of  London. 

Mon.  Pal.  Soc:  Monograph  of  the  Pakeontographical  Society 

London. 

Pal  Foss.:  Figures  and  Descriptions  of  the  Pahoozoic  FosbiLs 
of  Cornwall,  Devon,  and  West  Somerset,  by  John 
Philhps,  1841. 


ANIMALIA 


CSCBLVMTIRATA. 

Sphart^nites  tesselatus,  Phillipa.  T. 
H.  T.  d«  la  Beche,  Trans.  GeoL  Soe.,  8er.  2,  vol.  iii.,  1832,  pi.  xx.,  f.  1, 

p.  164  ("An  undescribed  fossil").  Kefiguiutl  T  I'liiHiy.s.  Pi!.  Fes'!., 
pi.  lix.,  f.  49**  p.  135.  KetiKiired  aa  Sphjerospongia  tesselata, 
G.  J.  Uinde,  Quart.  Joum.  Ueol.  Soc.,  xl.,  1864,  pi.  xxxvii.,  f.  1,  6  c, 
II.  135. 

Middle  Devonian.  [7222,  7223]      St.  Mary  Church,  Torquay. 

Spharofpong^a  tesselata.    Fide  Sphsronitefl. 

Cilceola  saadalina  (Limucus). 

J.  Phillips,  Pal.  Foss.,  pi.  Ix.,  f.  ICS*  p.  137 ;  DaTidHm,  Mon.  Pal.  See., 
18%  pi.  XX.,  f.  13)  p.  105. 
Uiddl«  Devonian.  [7066]     Ghuoombe  Bridge,  Newton. 

PleuTodiotyum  problematicum,  Goldfuss. 

J.  PhilUps,  Pal.  Fofls.,  pi.  iz.,  f.  24  a — c,  p.  19. 
Lower  Devon  inn.  [0875]     Meadfool*  TorquMj. 

J.  Phillips,  i'al.  jb'oss.,  pL  Ix.,  i.  24  a,  0,  p.  230. 
liiddle  Devonian.  [6934]     Ogwell,  Newton. 

Qiox..  SvETsr.  Sumuny  ov  PnooMM  ion  1900l 
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Strombodes  lieliaiithoides,  Goldfuse. 

J.  Phillips,  Pal  Fobs.,  pi.  v.,  f.  13  a,  p.  10. 
Middle  ileroiuaii.  [70641     MadBtono  Baj,  Devondiln^ 

Tirbinolopsis  bina,  Lonadale. 

J.  Phillips,  Pal.  ?Vss.,  nl.  i,  f.  2  b,  r,  p.  4. 
Upper  Devoniaa  (Pilton  lieda).    [7170]    Combe,  Aahbartoa,  Devon. 

Turbinolopsia  pluriradialis,  var  a,  Phillips. 
J.Phillips,  Pal.  Fass.,  pi.  ii.,  f.  5  a,  6,  ff.  ]\  5. 
Upper  Devonian  (Pilton  Beds).        [^i^ij        Bru^hford,  N.  Devon. 

ECHINODKBICATA. 

Aetinocrinns  ?  Batheri,  Whidborne.  T. 
Q.  F.  V\  hidbome,  Mon.  Pal  &oc^  1896^  pL  xsodL,  fi«s.2,2<h6,3»3a,6, 

p.  222. 

Upper  Devonian  (llarwood  Beda).  [7145,7146]  Bnumton. 

Aetiiiocriniu  Porteri,  Whidborne.  T. 
O.  F.  WhidboriM^  Hon.  Pal  Soe.,  1808,  pL  zzzL,  figs.  I,  1  a,  s,  fi ; 

pi.  ixxii.,  f .  1,  p.  S90. 
Upper  Devonian.  [7138-7141]      North  Devon. 

▲delocnnns  hystrix,  Phillips.  T. 
J.  PhillipB.  Pal.  Fo8ii.,  pi.  xvi.,  f.  42  a,  ft,  p.  30;  G.  F.  Whidborne 
Mon.  Pal  Soc^l898,  pL  xxx.,  f.  4,  p.  224. 
Upper  Devonian  (Filtoo  Beds).  [7167]  Bnuhford. 

G.  F.  WhidbcffOAi  Motk.  lU.  Soe.,  1886,  pL  zxx.,  figH.  7,  7  a.  p.  St4 
Upper  DoTonian  (Illtoo,  Bedi.)         [TlSi^     Braunton,  N.  Devon. 

Cnpresfoerinns  erafiiii»  Goldfius. 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  1895,  pi.  xxiv.,  figs.  4,  4  a,  p.  207. 
Middle  Devonian.  [7067]      Newton  Bushel. 

Qjrathocrinns  ?  ellipticns,  Phillips.  T. 
J.  Phillips,  Pal.  Fobs.,  pi.  jtvL,  £.  48  a—d,  p.  32. 
Upper  Devonian.  [7147J      Petherwin,  Cornwall. 

CyathocrinuB }  macrodactylus,  Phillips, 

J.Phillips,  Pal.  Fos6.,  pi.  xv.,  f.  41e,  p.  29.   Ile6gured as  Taxocriaus 
mMrodaetflUB :  G.  F.  Whidborne,  Mon.  Pal. Soc.,  1808,  pi  zxxiii., 

f  2  p.  215. 

Upper  Devonian  (Pilton  Beds).         [7148]      Pilton,  North  Devon. 

Bngaiter  ?  perarmatns  (Whidborne).  T. 

O.  F.  Whidborne,  Mon.  Pal.  Soc.,  1888,  pi.  xxvii.,  figa,  (l,  f''f,  p.  2n!» 
Upper  Devonian  (I'ilton  Beds).  [7163]       Brauuton  Down. 

Hexacrinus  depiessns,  Austin.  T. 

T.  Austin,  "  Recent  and  Fossil  Crinoidea,  1843,  pi.  vL,  f.  2  a — ^  p.  40. 
Middle  Devonian.  [7068,7091]     Newton  Boafiel 

Hexacrinus  interscapuiaria  iPhiilips). 

O.  F.  Whidborne,  Mon.  P&i  Soc.,  1896,  pi.  xxi.,  f.  2  ;  pi.  xxii.,  figs.  8, 

2a ,  p.  1 90.    (See  also  Platycrinu*  in  fermi  tm i  ) 
Kiddle  Devonian.  [1549,  7090]      Bradley  and  Newton  Abbot. 

Hezacrinns  macrotatns,  Austin.  T 

T.  Austin.  "  iiec.  and  Fo.s.h.  t'rinoidea,"  1843,  pi.  vi.,  figs.  3  a,  d,  p.  SO. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1896,  pi.  xxii.,  f.  6,  p.  192.  (See 
also  iVa^ycrmiM  tubercukOut  I) 
Middle  Devonian.  [6880]     Newton  Bushel. 

Gaobk  SoBVav.  Bvumaay  or  PaoosiMS  io»  1900. 
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Hinwriinii  mdo.  FU#  FlatyeriBiii  iBtmeapiiliris. 

HexftiCriiiui  ]  pentangHLlaris,  Austin.  T* 
T.  AuBtm,  "Rec  and  Foaa.  Crinoidea,"  1843,  pi.  \n.,  f^s.  1  a-c,  p.  61. 
Refigured  as  HezacrinuB  quintangnliis,  G.  F.  wludbornti  Moo. 
Pal.  Soc.  1895,  pL  xariiL,  figs.  0, 6  a,  6,  p.  198. 
^fiddle  Devonian.  [70953     Nowton  BuaheL 

HezacrinnB  perarmatns,  M^iidbornf*  T. 
G.  F.  Wbidbome,  Mon.  FaL  Soc.,  1895,  pi.  xxii.,  f.  10,  p.  194, 
Middle  DeTonian.  [6879]      Newton  BdiImL 

HexAcriiuis  qvliitaiisiLliis.        HiZMdiuul  pwtoagiilarM. 

Hexacrinui  Yicarii,  Whidbome.  T, 
O.  F.  WliidboniQ^  Mon.  ¥bI  Soc.,  1806^  pL  ixni.,  t  4^  p.  (Se» 
also  Platycnnut pentamgukuriil 
Middle  Devonian.  [7093]      Newton  BuaheL 

IiepideftheB?  deTOnicans  (Whidborne).  T. 

G.  F.  midborae,  Mon.  PaL  Soc.,  1898,  pL  x»t.,  figa.  1,  2  i  pL  zu^ 

i.  3  a—/,  p.  200. 

Upper  DeToniftD  (FUton  Beds).     [7100, 7161]     East  of  Baniitaple. 

Ophiurella  2  gregaria  (Whidbome;.  T. 
O.  F  Whidbome,  Moa.  PaL  So&,  1896,  pL  zzviiL,  1. 3,  p.  210. 
Upper  DevoDian  (Hlton  BedaX    (7l6i]   Bmuiton  Down,  N.  Devon. 

PalflBaster  longimanaa,  Whidbome.  T. 
a.  F.  Whidbome,  Mon.  Pel  Soc.,  1696,  pL  zzrl,  fifa  1,  l<s  9, 1^  Se,  6, 

p.  204. 

Upper  Devonian  OHlton  Beds).  [7162-7164] 

Park  near  Brannton,  and  Bagg7  Point,  North  Devon. 

PlatycrinuB  interscapnlaris,  l*lnllips.  T. 
J.  Phillips,  Pal.  Foss.,  pi.  xiv.,  f.  39,  a— <£,  p.  28.   Refigured  aa  Hexa- 
eriniii  melo,  Austin,  '*Rea  and  Foss.  Grinoidea,*'  1849,  pL  vi,  i  1 
p.  48 ;  and  as  Hexacrinns  interscapnlaris,  G.  F.  Whid- 


bome, ^rou  PaL  Soc,  189d,  pi,  xxi,  f.  1, 1  a—dy  p.  190. 
Middle  Devonian.  [7088]      Ne\v'ton  Bushel 

Platycrinus  pentanguljris?  Phillips  [Doubtful]  T. 

J.  Phillips,  Pal.  Fobs.,  pi.  Ix.,  f.  29**,  p.  135.    Refigii  rod  as  Hezacrinui 
Vicarii^  G.  F.  Whidborue,  Mon.  Pal.  Soc.,  Ibb6,  pi.  xxiii.,  f.  6, 


p.  197. 

Middle  Devonian.  [7609]     Newton  Boshel. 

Platjcrinni  taberenlatnat,  Phillips. 

J.  Phillips,  Pal.  Foes.,  pi.  Ix ,  f.  39,*  p.  134.  Refigured  an  Heneiinu 
macrotatus,  T.,  Austin.  "Rec.  and  Foss  Crinoidea  '  iPn  pi  vi., 
f.  36.  p.  50 ;  Whidbome,  Mon.  Pal.  Soc.  1895,  pi.  xxii.,  f.  8,  p.  192, 
Middle  Devonian.  [7094]     Newton  Bushel 

Poteriociinus  sp. 

Q.  F.  Whidbome,  Mon,  PaL  Soc,  1898,  pi.  xxxv.,  f.  4,  p.  228. 
Upper  Devonian  (Marwood  Beds)w  [7166]  Brannton  Down,  N.  Devoo. 

Poterlocrinua  sp. 

Q.  F.  Whidbome,  Mon.  Fid.  Soc.,  1899| jpLzzzvi,  figs.  9,  9  a,  p.  228 
Upper  Devonian  (Mwwood  Beds).  [7164]  Btaonton  Down»  N*  Devon, 

Qmoh.  SuavAf.   Svmuax  or  I'aoaaiMW  fon  1900. 
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9v€tA8ter  granifer  (Whidborne).  T. 
G.  F.  WbidlM  rnc,  ^r' n.  Pal.  Soc,  1806,  pi  xxvi.,  figs.  6.  6,  p.  207. 
Upper  DevoQiau  (PUtoa  Beds).  [7165,  7166]      North  Devon. 

Kotaster  1  (Brepaoaiter)  scabrofu,  Whidborae  rar.  T. 

G.  F.  ^Mudbcwne^MoiL  Py.  See,  1898,  pi  xxviii.,  figs,  i,  2,p.  so? 
Upper  Devonian.  [7167,  7168]       Croyde,  N.  Devon. 

G.  F.  Whidborne.  Mon.  PftL  See.,  1898,  pL  xxix.,  figs.  2, 2  a,  p.  206. 
Upper  Dovonma  (niton  Beds).  [7160]     Bmimtoii  Dowm. 

Protoeidarig  acoaria  (Whidborne).  T. 
Q.F.  Whidborne.  Mon.  Pal.  Soc.,  1898,  pi  xxv.,  figs.  1,  2.  p.  a03w 
Upper  DeTosiaii  (Filton  BedsX     [71U^  7168]     East  of  Bamatmil*. 

Bhodocrinns  (AcanthocrinoB)  sp. 

G.  F.  Whidborne,  Mod.  FU.  Soa,  1895,  pi  xxiv.,  figs.  6,  6  a,  p.  9M, 
Middle  Deifoniaa.  [7006]     Newfcon  BoaheL 


Khodocrinni  1 

O.  F.  Whidborne,  Hon.  P^  Soc,  1898,  pL  mi.,  f.  8  o-^,  p.  217. 
Upper  DeToniaa  (Uarwood  Bode).        [7148,  7148}     North  Devon. 

Scaphioerinns  1  inordmatus  1  Whidborne. 

G.  F.  Whidborne,  Hon.  Fd.  Soc,  1898,  pK  xzxiv.,  f.  7,  n.  830. 
Upper  Devonian  (Marwood  Bede).    [7161]    Bmunton,  Korth  Devon. 

Scaptdocrinua  i  plumifer,  Whidborne.  T. 
O.  F.  Whidborne*  Mon.  Pal  Soc.,  1898,  pi  xxztL,  figs.  1, 1  a,  p.  28a 
Upper  Deronian  (Marwood  Beds).    [7153]    Bfannton,  Morth  Devon. 

SMphiooflKni 

G.  F.  Whidborne,  Mon.  Pal  Soc.,  Wm,  pi  xxxiv.,  figs.  8,  8  a,  p.  231. 
Upper  Devonian  (Marwood  Beds).    [71&2]    Braonton,  North  Devon. 

Spharocrintu  geometrictu,  Gbldfuss. 

O.  F.  Whidlmrue,  Mon.  FaL  Soc,  1880, pL  xxiv.  f.  8,  p.  211 
Middle  Devonian.  [6878J      iVewton  Bushel 


macrodactylus  Phillips). 
G.  F.  Whidborne, Mon.  Pal  Soc,  lb98|  pi  zxziii,  figs.  3, 3a,  4, 4  a,  p.  215. 
(Bee  also  CyaMoeruHwl) 
Upper  Devonian  (Mwwood  Beds).       [7149. 7180]     North  Devon. 

GstnTAOia. 

Brontes  flabellifer,  Ooldfuss. 

J.  Phillips,  Pal  Fo6s.,  pi  Ivii.,  f.  254  a,  p.  131. 
Middle  Devonian.  [6886]     Newton  Boahel. 

Calymene  LatreiiUi,  Stoininger. 

J.  Phillips,  Pal  Foss.,  pi  Ivi.,  f.  849  a,  6,  p.  129. 
Upper  Devonian.  [7064,7055]     New  fioad  Qy.,  Filton,  Bamstaide. 

Bechenella  eetosa  (Whidbimie).  T. 

0.  F.  \Miidb'jme,  Mon.  PaL  Soc,  1888,  pi  il,  fics.  16, 16  a,  p.  27. 
Middle  Devonian.  [6987]      Newton  Bushel 

Eomalonotns  Herechelii?,  Murchison. 

J.  Phillips,  Pal  Fobs.,  pi  ivii.,  f.  Si53  a-e,  p.  130. 
Lower  Devonian.       [6872,  6873, 6874]      Meadfoot  Sands,  Torquay. 
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Fliaoops  crjrptophthalmnt,  Emmerich. 

J.  W.  .Saltpr,  Mon.  Pal.  Soc.,  1864,  pi.  i.,  f.  8,  p.  17  "Refi^nredasPkacopt 
latifrons  ^^Bronn) :  G.  F.  Whidborne,  Mon.  Pai.  boc,  1889,  pL  I 
fi^.  8,  Bo,  p.  7. 

Middle  Deroouui.  [6986]     Newton  Biuhd,  Devon. 

Hutcops  granulatiu  (Mueiuter).  [DoRbtfU.] 

J.  W  Salter,  MoiLF^fioe.,  1864,  pl.i.,  figs.  2,  3,  4,  p.  18. 
Upper  Devoaiao.  [70&d,  7060J     South  Fetherwin, 

Shacops  latifrons  (Bronn). 

J.  W.  Salter,  Mon.  Pal.  Soc.,  1864,  pL  i,  f.  9,  p.  18. 
Upper  Devonian  (Mar wood  Beds).  [7057]      Konh  Devon. 

J.  W.  Salter,  Mon.  FhL  Soc.,  1864,  pL  i,  f.  10,  p.  18. 
Upper  Devonian.  [7053]  Croyde. 

J.  W.  Salter,  Mon.  Pal.  Soc,  1864,  pi.  i.,  f.  14^  p.  18 ;  Q.  F.  Whidborne, 
Mod.  Pal.  Soc,  1896,  pi.  i.,  f.  10,  p.  10. 
Upper  Demnian.  [7056]     Baggy  Pointy  North  Devon. 

O.  F.  Whidborne^  Mon.  Pd.  Soc,  1896.  pi.  ii.,  f.  3,  p.  11. 
Upper  Deyonien.  [705r1      Bm.'^hfonl,  North  Devon. 

(See  aiao  I\  cryptophthaimus.) 

Bbtozoa. 

VenestellA  aatiqua  1,  Lonsdale. 

J.  Fhillipe,  Ml  Fom.,  pL  ziL,  1. 86  o,  p.  24 
Lower  Devonian.     [6876]     Waet  Lee^  near  Lynton,  North  Devon. 

Veneftalla  arfliritiea,  var.  r,  FMQipi.  T. 

J.  Phillips,  Pal  Foafc,  pi  ziL,  i  36,  p.  2ft. 
Middle  Devonian.  [7106]      Hope,  Torqnaj. 

Chngonia  ripisteria,  Groldfuss. 

J.  Phillips,  V\\.  Foe*.,  pi.  xL,  f.  30  a,  6,  p.  20. 

Lower  Dev mail.  [6877]      Madatone  Bay,  South  Devon. 

Hemitrypa  ocnlata,  Phillips.  T. 


J.  Phillipfl,  Pal.  Fosa.,  pi.  xiiL,  f .  38  a,  p. 
Middle  Devonian.  [7109]     Hope,  Torquay. 

MiUepora  similis,  Phillips.  T. 
J.  FhiUipi,  P^  Fo89.,  pi.  xi.,  f.  32,  p.  21. 
Middle  Devonian.  [7110]     Hope,  Torquay. 

Brachiopoda.  " 

Athyria  (dleiothyrig)  Boiasyii,  Levoille. 

G.  F.  Wiiidbome,  Mon.  Pal.  Soc,  1897,  pi.  xviii.,  fiip.  1,  2,  S  a,  p.  148, 
(See  aim  T  Tent/nibuia  tlongata.) 
Upper  Devonian.  [6994,  6996]     <^de,  Devon. 

Athyrii plialmia.  VideBj^intm. 

Atrypa  des^namata  (J.  de  G.  Sowerbj). 

J.  PhilBpe,  Pal.  Foes.,  pi  zxziiL,  f.  146  a,  p.  8S. 
Middle  Devonian.  [6911]     Newton  Bnabel. 

Atrypa  flsMData,  Goldf.  MS. 

T.  Davidson,  Mon.  Pal  Soe^  1666,  pi.  xi.,  iig.s.  la  10  a,  12  a,  6,  p.  69. 
Middle  Devonian.  [6912]     Wolboiough,  Newton. 

Atrypa  Im.   FitU  O/thii. 

Gm*  ScnvaT.  SiiiounT  or  PiiooaaM  ron  1900, 
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Atryptt  retieiilArii  (Liiuieus),  rar.  aipera,  SeMotb«iiii. 

T.  ri  i\  idaon.  Mod.  FkL  8o«^  1865^  pL  x.,  fig^  '     /,  n.  57. 
Middle  Devoouii.  [6818J     Nowton  Bnahil. 

[Atrypa] 

J.  riiilli]w,  Pal.  Foss.pl.  Ix.,  f.  148,*  p.  231.  Refipnired  as  Fentamenu 
brevirostrii,  PhilHpe :  T.  Davidson,  Mon.  Fal  Soc,  1865,  pL  xt. 
f .  8j,  p.  72. 

Middle  D  ^▼oiiiaiL  [6885]     Wolborongli,  Newton  Bulid* 

Chonetof  margaritacea,  Wiudborne.  T. 
O.  F.  Whidbome,  Mon.  Pal.  See.,  1898,  pL  xiii.  figs,  6,  5  «,  6,  p.  179. 
Upper  DeTaniuL  [6890]  Biaanton. 

Cyrtina  heteroclita.   Fide  Spirifera. 

BaTidsonia  Vernenilii,  Bouchaid. 

T.  Davidson,  Mon.  Fe].  Soc.,  1B65,  pi.  xi.,  figs.  14.  14  a,  p.  74. 
Middle  Devonian.  [GiXHjj      Orchard  Quarry,  Dartington. 

T.  Davidson.  Mon.  Pai  Soc,  16^5,  pi  xv.,  f.  18,  p.  74. 
Middle  Deiroman.  [6806]     Newton  BmheL 

IKeeina  nitida  (PhillipsV 

T.  Davidson,  Mon.  P&l  tSoc.,  1865,  pi.  xx.,  f.  10^  p.  104. 
Upper  Devonian  (Ifarwoed  Beds).  [6989]     West  Anglo  Bay  <S.  aideX 

O.  F.  Whidbome,  Moo.  Fd.  Soc,  1898,  pi.  xxii.,  f.  12,  p.  183. 
Upper  Deroniao.  [6888]  Barnstaple. 

Leptsena  an.aloga  (Piiiilipe^. 

J.  Phillips,  PaL  Fosa.,  pL  xxIt.,  f.  93  o,  p.  56. 
Upper  Devonian.  [6893]     Croyde  Bay,  Devon. 


laxispina  (Phillips). 
J*  Phillips,  Pal.  Fom.,  pi.  xxv.,  f.  DO,  p.  59.   Kcfigured  as  Strophalosia 
prodnctoiies,  Miuchaaon :  Davidson,  Mon.  PaL  Soc,  1865,  pL 

xix.,  f.  Id,  p.  97. 

Upper  Devonian.  [7001]      Petherwin,  ComwaU. 

Leptxna  membranacea,  Pliillips.  T. 
J.  Phillips,  PaL  Foss.,  pL  xxv.  f.  101  a,  «.  p.  60. 
Upper  Devonian  (Filton  Qronp).  [lOOH]     Filton,  N.  Devon. 

Leptana  nodnlota,  Phillips.  I. 
J.  Fhillipe,  PaL  Foes.,  pL  xxiv.,  f.  94  a,  6,  p.  66. 
Middle  Devonian.  [6807, 6008]     Hope,  Toiqnaj. 

Oithis  hipparionyx,  Vaimx.  and  HalL 

T.  Davidioiiy  Mon.  PlsL  Soc,  186S,  pL  zvii..  f .  9,  p.  90. 
Lower  Devonian.  [6866]     Looe,  GomwaU. 

Ortldi  interlineata,  J.  de  C.  Sowerby. 

T.  Davidson;  Mon.  PaL  Soc,  1866,  id.  .x  11  f.  18,  p.  91. 
Uppr  Devonian.  [<;99<  )J      Landlake,  Cornwall, 

T.  Davidson,  Mon.  PaL  Soc.,  1865,  pi.  xvii.,  figs.  20,  22,  p.  91. 
Upper  Devonian.  [6881, 6888]     Petherwu,  CSorawall. 

OrtJiis  interatrial  is,  Phillips.  T. 
J.  Phillips,  Pal.  Foss.,  pL  xxv.,  f.  103  tf,  p.  61. 
Middle  Devooiaa  [6808]     Barton,  South  Devem 
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0rthi8  lens,  l^hillipa. 

J.  Phillips,  I'al.  Fofls.  xxvi,,  f.  100  a,  6»p.  65.  llefigared  as  Atrjpa  leni, 
T.  Davidfion,  Moo.  YtL  Soc,  1865,  pL  z,  figs.  1,  1  a~d,  p.  51. 
Middle  Devoniaii.  [0914]     Hope,  Torquay. 

Orihit  Ion sulcata,  Phillips.  T. 
J.  riullips,  Pal.  F088,,  pL  xxvi,  f.  lO.^  rr,  p.  62. 
Lower  Devouian.  [6864]      Watersmeet,  N.  Devon. 

Pentamerus  brevirostris  (Phillips). 


T.  Davidson,  Men.  PaL  Soc.j  1865,  pi.  xv.,  figs.  1,  1  a,  A,  p.  7! 
Ttrehratma  wttdea,  8tngocepha2us^  and  [Atrypa].) 
Middle  Devonian.  [68891  WolborotudL 


72.  (Seealao 

[6889]  Wblbdrough, 

Prodnctru  prnlimglll,  J.  de  G.  Sowerby. 

T.  Davidson,  Men.  Pal.  Soc,  1865,  pi.  xix.,  f.  24,  p.  102. 
Upper  Devonian  (Pilton  Beds).       [6998]      Croyde  Bay,  X.  Devon. 

Betlia  ferita.   Fide  lerebratnla. 

Bhynchonella  acuminata  (Martin). 

T.  Davidson,  Mon.  PaL  Soc,  1866^  pi.  xiii.,  figs.  1,  1  a,  6,  p.  60. 

Middle  Devonian.  [6890]      Newton  BusheL 

Rhynolionella  aagolaris*  Fide  lerebratnla. 

Bbynchonella  bifera  (Phillips). 

T.  Davidson,  Mon.  Pal.  Soa,  1866,  pi  xii,f.  11,  p.  64.  (See  also  Ttr^ 

iraiula,) 

Middle  Devonian.  [6693]     Hopey  Toiqiiagr. 

ShynclioneUa  laticosta  (Phillips). 

T.  Davidaon,  Mon.  Pal.  Soc.,  1865,  pi.  xiv.,  f.  3,  p.  61.    (See  alao 

Ttrebratula). 

Upper  Devonian  (Marwood  Beds).  [7010]      Sloly,  Barnstaple, 

Bliynchonella  neapolitana,  Whidbornc.  T. 

G.  F.  Whidborne,  Mon.  PaL  Soc,  1893,  pL  xv.,  figs.  4,  4  a,  b,  p.  129. 
Middle  Devonian.  [0804]  Newton. 

Rhynchonella  1  protracta  (J.  do  C.  Sowerby). 

T.  Davidson,  Moo.  Pal.  Soc,  1865,  pL  xiv.,'  figs.  29,  29  a,  p.  69. 
Middle  Devonian.  [6921]     Hope^  Torquay. 

(See  alao  TerdmUula  proboicidalu*) 

BiiyBelimUa  renifomli .   Ftd$  TmlwatDla  labdintata. 

Bbynchonella  (CunarotiBchia)  togat%  Whidborne. 

G.  F.  Whidborne,  Mon.  Pal.  Soo.,  1887,  pi.  xix.,  f.  15,  p.  163. 
Upper  Devonian  (Marwood  Beds).  [7013]      North  Devon. 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1897,  pi.  xix.,  f.  16,  p.  163. 
Upper  Devonian.  [7011]  Marwood. 

O.  F.  ^^^u<l|>orne,  Mon.  Pal.  Soc,  1897,  pL  xix.,  f.  18.  p.  inn. 
Upper  Devonian  (Marwotxl  Beds).  [7012]  Barnstaple. 

jBkynchonella  triloba  (J.  de  C.  Sowerby). 

T.  Davidson,  Mon.  Pal.  Soc.,  1865,  pi.  xii.,  figs.  4,  6,  p.  64. 
Middle  Devonian.  [C895,  6896]      Newton  Bnshel. 

Spirifera  aperturata,  SchlotUeini  1  [Doubtful) 
J,  Phillips,  PaL  Foes.,  pi.  xxx.,  I.  133,  p.  77.  Refigured  as  Spirifera 
eanalifera  (Valenciennes)  :  T,  Davidson,  Mon.  ?tl  Soc.,  1864; 

pi.  vi.,  f.  0,  p.  26. 

I^ower  Devonian,  [6860]     Lynton,  N-DeTOB, 
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^pirifera  costaU^  J.  de  C.  Sowerby. 

J.  FluUiiN,      FoM.,  pL  xzx.,  f.  134  a,  p.  77.  Bafigmed  m  Spirifera 
specioiaf,  w.  pvadon^  ScUotheini :  Daridm,  Hon.  Ttl  Soc, 

1B64,  pi.  viii.,  f.  ll,p.  S9. 
Middle  Devonian.  [61^22]      Hope,  Torquay. 

Spirifera  disjuncta,  J.  de  C.  SoM-erby. 

T.  DAvidsoQ^  Alon,  Pal.  JSoc.,  1864,  pL  v.,  f .  6,  p.  23.  (See  also  S.  protmm.) 
Middle  Devonian.  [6917]      Wolborough,  Newton- 

Spirifera  diBjuncta,  var.  banunensis  (Sow.  MS.),  Salter. 
T.  Davidson,  Mon.  PaL  Soc.,  1864,  pi.  vi.,  f.  2,  p.  23. 
Upper  Devonian  (Filton  Beds).      [7004]     Cirajde  Bay»  N,  Devon. 

Bpixifera  Iiotoroelita,  Defnmee. 

J.  Phillips,  Pal.  Foes.,  pi.  xxix.,  f.  125  a,  (f,  p.  78.  Refigured  as  CyrtiM 
heteroclita  :  T.  Davidson,  Mon.  Pal  Soc.,  1864,  pi.  ix.,  f.  6,  p.  48. 
Middle  Devoniai'.  [0819]      Newton  BoslieL 

Spirifera  hinmdo,  Phillips.  T. 

J.  Phillips,  Pal,  F  iH^ ,  pi  xxviii.,  f.  122  o,  6,  c.p  71.     Kcfiffiircd  as 
Athyris  phalseaa  (i'lii].)  :  T.  Davidson,  Mon.  lai.  Soc.,  1864, 
pL  iiL,  Ggs.  21,  21  a,  6,  p.  18. 
Loirer  DevoDjaa.  [6860]     Hope,  Toiqtiay. 

Spirifera  08tiolat%  SoUothdlm. 

J.  Phillips,  Pal.  FoflS.,  pi.  XXX.,  f.  132  a,  c,  p.  70. 
Lower  Devonian.        [0861]       Valley  of  Bocks,  lynton,  N.  DeT<HL 

Spirifera  phal^na,  Phillips.  T. 

J.  Phillips,  I'al.  Foss.,  pi.  xxviii.,  f.  123,  p.  71.   Refigured  as  Athyxil 
plLftliBna :  T.  Davidson,  Mon.  Pal.  Boa,  1864,  pi.  iii.,  f.  19,  p.  18. 
Lower  Devonian.  [6806]      Hope,  Torquay. 

Spirifera  obliterata,  Phillips.  T. 


iiiiipe 

J.  Phillips,  Pal.  FoAs.,  pi.  xxxL,  f.  136,  p.  78 ;  O.  F.  Whidborne,  Mon. 

Pa]  Soc.,  1897,  pi.  xix.,  f.  1,  p.  IHO. 
Upper  Devonian (Piltoa  Beds).      [6997]      Bruahford,  North  Devon. 

Spirifera  protensa,  Phillips.  T. 
J.  PhUline,  PaL  Foas.,  pi.  xxviii.,  f.  118  a,  6,  p.  69.    Kefigured  as 
Spiriitor  d|[^|ii]ieta»  «f.  de  G.  Sowerby :  T.  Davidson,  Mon.  M.  Soc, 

1864,  pi.  v.,  f.  12,  p.  83. 
Upper  Devonian.  [70CX)]      Petherwin*  CornwalL 

Spirifera  simplex,  Phillips,  T. 
J.  Phillips,  Pal.  Foss.,  pi.  Ix.,  f.  I:i4  a  (two  liguies),  p.  71 ;  T.  Davidson, 
H<m.  FaL  Soe.,  1864,  pL  ^  y  ^S^-     ^o,  p.  46. 
Middle  Devonian.  [6dld,  6916]     Wolborougb,  Newton. 

spirifera  speciosa  (Schlotheim). 

T.  T\ivi,l  on,  Mon.  Pal.  Soc.,  1864»  pL  viii.,  f.  7,  p.  29. 

Mi<](  1 1  n  [ ) L .  [1  i  va.  [6923]      Hope,  Torquay. 

Spirifera  speciosa,  var.  paradoxa,  Schlotheim. 

T.  Davidson,  Mon.  Pal.  Soc.,  1864,  pi.  viii.,  f.  13,  p.  29.   (See  also  S. 

Lower  Devonian.  [6869]     Fowey,  Cornwall. 

Spbrilara  nndifera,  Eoemcr. 

T.  Davidson,  Mon.  Pal.  Soc,  1864,  pi.  vii.,  figs.  4,  4  a,  h,  p  30. 
Middle  Dsvonian.  [6924]      Newton  Bushel 
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Spirifera  unguiculufl  (J.  de  C.  Sowprby). 

J.  Pbill4>s,  Pal.  Foss.,  pL  xxviii.,  f.  i  in  h,  e,  p.  69. 
Upper  DeTonisn.  [7003]     Pethenriii,  Cornwall. 

Sfirifera. 

T.  Davidson,  Mon.  Pal.  Soe..  1864.  pL  viil,  f.  12,  p.  33. 
Middle  Deyoman  (Shales^     [6836]     West  OgweU,  Newton  Biiahel. 

Strigocephaliu  InroTiroitriB,  Phillips.  T. 

J  Pal    To    ,  \l  xxxii.,  f.  143  b,  p.  80.     Refigureil  as 

Peutamems  brevirostris*  T.  Davidson,  Mon.  PaL  Soc,  1862),  p]» 
zv.,  figs.  11, 11  a,  p.  72. 
Middle  Devoman.  [6886]     Wollwroiigli,  Newton  BnaheL 

Strigoceplialua  giganteus  (J.  de  C.  Sowerby). 
J.  Phillips,  PaL  Fosb.,  pL  zxzii,  f.  142  6,  p.  80. 
Middle  Devonian.  [6886]     Bradley,  Newton  BusheL 

Stringocephalns  Bortini,  Defnmce 

T.  Davidson,  Mon.  PaL  Soc,  1864,  pi.  1,  f.  21,  p.  11. 
Middle  Devonian.  [6888]      Chircombe  Bridge,  Devon. 

Strophalosia  prodnctoides,  Murchison. 

T.  Davidson^  Mon.  Pal.  Soc.,  1865,  pi.  xix.,  tigs.  17, 17  a,  p.  97. 
Middle  Devonmn.  [6810]      East  Ogwell,  Newton. 

T.  Davidaon,  Mon.  Pal.  Soc.,  1865,  pi.  xix.,  f  .  90,  p^  97. 
Upper  Devonian.  [7002]  Petherwin. 

(See  also  Lq>t(iBna  laxupina.) 

Tteelvatola  angnlaris,  Phillips.  T. 

J.  Phillii^,Pal.Foss.,pl  xxxv.  f  162  6,p.89.  Refiguredas  Rhynchonella 
angnlaris :  T.  Davidson,  AIou.  Pal.  Soc.,  1865,  pL  xiv.,  f.  12  a,    p.  68. 
Middle  Devoniaa.  [6891]     Wolborough,  Newton. 

Terebratula  bifera,  Phillips.  T. 
J.  PhiUipa,  PbL  Fose.,  pL  zxxiv.,  f.  151 6,  p.  81  Refigured  as  Ehyn- 
dumfiUa  Ulira  :  Davidaon,  Mon.  P^.  Soc.,  1866,  pi.  zii.,  f .  10,  p.  64. 
Middle  Devonian.  [6882]     Hope,  Toiqnay. 

lerebratnla  (Atrypa)  cassidea,  Dalnian. 

J.  Phillips,  PaL  Foes.,  pi.  xxriv.,  f.  148  a,  6^  e,  p.  83.  Refigured  as  Pttfcta- 
menu  brevirostris  (Rullips) :  T.  Davidson,  Man.  Pal.  Soc.,  1865, 

pl.  XV.,  fi^.  9,  9  a,  6,  10, 10  a,  6,  p.  72. 

Middle  Devonian.  [6887]      Newton  Bushel. 

f  Terebratula  elongata  (Schlotheim). 

T.  Davidson,  Mon.  Pal.  Soc,  1864,  pl.  1,  f.  9,  ]>.  B.  Ketigured  as  Athyris, 
(Clelothyiis)  Eoyssii,  Leveille  :  G.  P.  \Miidbome,  Mon.  Pal.  Soc. 
1H97,      xvii.,f.  13,  p.  148. 
Upper  Devonian  (Marwood  Beds).      [6896]     £ast  Hill,  Braonton. 

TmlnratQla  ferita,  v.  Buoh. 

.  J.  Phillips,  Pal.  Foss.,  pl.  xxxv.,  f.  163 a,  I,  c,  p.  89.    Refigured  aa  Ettlia 

ferita :  T.  Davidson,  Mon.  PaL  Sod.,  1864,  pl.  iv.,  f.  10,  p.  21. 
Middle  Devonian.  [6920]      Newton  BusheL 

Terebratula  laticosta,  Phillips.  T. 

J.  Phillii»s,  Pal.  Fo^e  ,  pl.  xxxiv.,  f.  153  a,  6,  p.  85.  Refigured  f{.% 
Ehynchonelia  laticaeta :  T.  Davidson,  Mon.  Pai.  Soc.,  1865,  pl.  xiv., 
f.  1,  p.  61. 

Uppsr  Devonian  (Marwood  BedsX  [7006^7006]  Baggy  Pouit|N*Dem. 
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IMbratiila  prolKMeyUlif,  Philfipa.  T. 

J.  Phillips,  Pal.  Fosa.,  f.  149,  p.  84.  Refignred  u  Bhyuclioxiellft  t 
proti-Mta:  T.  Davidson,  Mod.  FkL  So&,  1860^  pL  xiv^  f.  30^ 
p.  09. 

Midalo  Tkmmvia.  [^1]     Hope,  Torquay. 

lerebratula  subdentata,  J.  de  C.  Sowerby. 

J.  Phillips,  FaL  Fo88.,  pi.  zxxt.,  f .  164,  p.  90.  B«figar«d  at  Bhynchoiiena 
renif ormifl  (J.  da  G.  Sowerbj) :  T.  Davidion,  Hon.  PaL  Soe.,  1865, 

pl.  xiii.,  f.  7,  Ik.  08 

Upper  Devonian.  [7007]      Petherwin,  CorawaU. 

Lavelltbraitchiata. 

Actinopteria  himndella  (Whidborne;.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1892,  pl.  vL,  figa  6,  6  a,  p.  61. 
Middle  Deyoman.  [6002]     Newton  BaahaL 

Actinopteria  textorata  (Phillips). 

G.  F.  Whidbome^  Hon.  P4L  8oo.,  1808,  pl.  ix.,  f.  6,  p.  74. 
Middle  Devonian.  [6882]     Newton  Boehel. 

Avionla  daiunoniensis,  J.  do  C.  Sowerby. 

.T.  Phillips,  PaL  Foee.,  pL  JudiL,  f.  91  c,  p.  61.    fSpe  alsn  J*f>rkopteria.) 
Upper  Devonian.  [TOjSO]      Mar  wood,  ^i.  I>evon. 

Avicnla  s-nbradiata,  J.  do  G.  Sowerby. 
J.  PhiUipa,  Pal.  Foss.,  pl.  xxl,  f.  8^^  p.  50. 
Upper  Beronian.  [7017]     PeAherwin,  CkirowalL 

ATiculopecten  transversns.    Vide  Pecten. 

Oonoeardiiim  dftthratmn.  Vid»  Plenroriijiidiiii  aUfonnii. 

Crinipeetoft  f  Ooaaai  Vtd^  Fiotcn  pUeatu. 

Ctenodonta  (faiieoneiio;  lirata  (Phillips). 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1896,  pl.  xil,  f.  IS,  p.  100.    (See  eho 

Kucuf  I.  S  ffi  jnindari'i,  aud  Pv/fn<i(m.) 
Upper  Devonian  (above  Marwood  Beds).      [7022]   Baggy,  N.  Devon. 

Gtenodonta  (Koenenia)  cf.  obsoleta  (Goldfuss). 

G.  F.  Whidborne,  Mon.  Pal,  JSoc,  IHUC,  pl.  xii.,  f.  10,  p.  106. 
.Upper  Devonian  (Marwood  Beds).  [7025]  Baggy  Point,  North  Devon. 

Ctenodonta  i  t  nsa,  Whidborne.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1896,  pl.  xii.,  figs.  9,  9  o,  p.  104. 
Upper  Devonian  (Marwood  Beds).  [7086]  Biuniataj^e. 

(hicnllsa  amygdalina,  Phillips.  T. 
J.  FhiUipe,  PaL  Foes.,  pL  xviil,  f.  66  a^,  p.  40. 
Upper  DevoBiaa.  [7004]     Marwood,  North  Devon. 

Cncnllsea  angnsta,  J.  de  C.  Sowerby. 

J.  Phillips,  Pal.  Foss.,  pL  zix.,  f.  66  a— e,  p.  41 . 

Upper  Devonian.  [7035]      Marwood,  N.  Devon. 

Cnoiillsa  depressa,  Phillips.  T. 
J.  Phillips,  Pai.Foes.^lxiz.,f.  71  a— c,  p. 42.  Fig.  71  a,  6,  refigured  G.  F. 
Whidboma,  Mon.  FaL  fik»c,  pl.  xii.,  figs.  3,  3  a,  p.  111. 
Upper  Devonian.  L"^^ -"r  "028]  Marwood. 

G.  F.  Whidbornt,  Mon.  PaL  Soc  1896,  pL  xii,  f.  2,  p.  111. 
Upper  Devonian.  [7029]  Marwood. 

QaoL,  SunvxT.  Sutauxr  or  Paooasss  ion  1900. 
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Onoullsea  Hardinfii,  J.  de  G.  Sowerby. 

J .  i  kilUps,  Pal,  F08S.,  pL  xviil,  f.  67  a,  6  ;  pi.  xix,  f.  67  a>  6,  p.  40. 
Upper  DeroniuL  [7080-7088]     Manrood,  Noitk  D«?oii. 

GucuUsa  trapezium,  J.  de  C.  Sowerby. 
J.  FliUlipa,  Pal.  Fooa,  pL  six.,  f.  7u,  p.  41. 
Upper  Daronian.  [7087]     Marwood,  Kortii  Dercm. 

CnoidlM  imUAtenlii,  J.  de  G.  Sowerbj. 

J.  PMllipa,  Pal.  Foss.,  pi.  xix.,  f.  09  a— c,  t>.  41.    Fig.  69  c  refigorad 

G.  F.  Whidborne,  Mon,  Pal.  fc>oc.,  1800,  pi.  xiii.,  figs.  10,  p.  109. 
Upj>er  Devonian.  [7036]      Marwood,  North  Devon. 

Cypricardia  deltoidea,  rhilli|)'?.  T 

J.  Piiiliips,  Pal.  Foas.,  pi.  xvu.,  f.  59,  p.  37.  Retigured  as  MyopboriA 
deltoidea :  O.  F.  Wbidbome,  Mon.  Soe.,  1886,  pL  x.,  figs.  7, 
7  a,  p.  93. 

Upper  DeTonian.  [703&J     Soatb  Petherwin,  ComwalL 

Qjprioardinia  retievlata  (Phillipe). 

G.  F.  Whidborne,  Mon.  Pal.  Soe.,  1888,  pi.  i.,  f.  12,  p.  1 1. 
Middle  Devonian.  [6932]      Newton  Bushel. 

Cypricardia  Bemisnlcata  (J.  de  C.  Sowerby).  [Doabtfol] 
J.  Phiilipa,  Pal.  Foaa.,  pi.  xvii.,  f.  67  6|C,  p.  36. 
Upper  Derooian.  [7081]     Landlake,  OomwalL 

Ihgoniomya  elegans,  \Vhidborne.  T. 
G.  F.  Whidborne,  M6n.  Pal.  Soc.,  1896,  pi.  xiiL  f.  13,  p.  117. 
Upper  Deronian.  [7068]     Cmiyde,  Mortli  Devon. 

Ooniophora  obUqna  ( Wludbome).  T. 
G.  F.  Whidborne,  Mon.  P^  Soc^  189S,  pi.  iii.,  f.  1,1  a,  6,  p.  16. 
Middle  Devonian.  [6833]     SewUm  fioihel 

Hoplomytilni  orassns,  Sandben;er. 

G.  F.  Whidborne^  Mon.  Fal  »oc^  I69S,  pi.  It.,  figi.  2.  2  a,  p.  44. 
Middle  Devonian.  [6804]     Newton  fiueheL 

Liptodeima  citlmnm,  Whidborne.  T. 
G.  F.  Whidborne,  Mon.  P»l,  Soc,  1897,  pi.  xiii..  figs.  7,  7  a,  p.  120. 
Upper  Devonian.  [7014]      Marwood,  N.  Devon. 

Loptodeama  cultellatuin,  Whidborno.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1896.  pi.  xiv.,  fi^?  ^2,  2  a,  d.  121. 
Upi)er  Devonian  (Marwooil  Beda).      [7016]      liraimton,  N.  Devon. 

Leptodomas  constricta,  McCoy. 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  18%,  pi.  viiL,  f.  8,  p.  76. 
Upper  DeToniaa.  [7050]     Marwood,  North  Devon. 

Mecynodon  carinatue  (Gioldfnss). 

G.  F.  Whidborne,  Mod.  Pal.  Soc.,  1892,  pi.  11.,  hga.  iO,  15  a,  6,  p.  34. 
Middle  Devonian.  [68S6]     Newton  Boabelt 

Modiola  scaiaris,  Phillips.  T. 
J.  Phiilipa,  Pal.  Foaa.,  pi.  Ix.,  f.  62*,  p.  137. 
Middle  Devonian.  [6881]     BeRyPomeroj,  Torqnagr. 

Modiolopsis  lepida  (Whidborne).  J, 
G.  F.  Whidborne,  Mon.  PaL  Soc.,  1889,  pL  i,  £.  8,  p.  41. 
Middle  Devoniao.  [6890]     Newton  BndieL  . 
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Kodiolopsis  Bp. 

O  F  WhidborncL  MoTi  l  al  Soc.,  1896,  pi.  xii ,  f  7,  p.  U4. 
Upper  I  )cvonian  (Marwood  Beds).   [7024J  South  Cave,  Baggy  Point 

Myalina  damnoniensis.    Fide  Xjtilni. 

Vyalina  stnlta  (Whidborne).  X. 
G.  F.  Whidborne,  MoiL  PftL  So<X,  1892,  pi.  iii.,  f.  8,  p.  48. 
Middl*  Devonian.  [6929]      rftwton  BuImL 

Xjophoria  deltoidea  (PhilUps). 

O.  F.  WhMborne,  Hon.  FaL  Soe^  1886,  pi.  x.,  a^s.  5,  5  a,  b.p,  M. 
Upper  Devonian.  [703>s]  Marwood. 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  18D6,  pi.  x.,  f.8,  p.  93. 
Upp^  Devooiau  (Mar wood  liedd).      [7040]      Sherwell,  BanuUpla. 
(dee  elao  Cypneardia.) 

Mjophori*  inflate  (F.  A.  Boomer). 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1896,  pi.  x.,  figs.  3,  3  a,  4,  4  a,  p.  92. 
Old  Red  Sandstone  (Coomhola  Grit)     [7041,  7048]     Gomtj  Cork. 

Kyrplioria  tri^ona  (F.  A.  Rocmer). 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1896»  pL  x.,  f.  9,  p.  96. 
Upper  Devonian  (Marwood  Beds).  [70tt]      Croyda  Bay. 

Xytilarca  1  modioloidea,  Whidborne.  T. 
G.  F.  Whidborne.  Mon.  Val.  Soc,  1896,  d1.  xiii,  f.  8,  p.  117. 
Upper  DeToniaa  (liarwood  fieda).    [7083]    Bravnton,  North  Dem. 

■^tilaa  ?  damnoniensia,  Phillips.  T 

J.  Phillip,  Pa!  Foss.,  1841,  pi  xviii.,  f.  61,  p.  37.  Refigured  as  MyalinA 
damnoniensis :  G.  F.  Whidborne,  Mon.  Pal.  Soc,  1892,  pL  iiL,  f.  6; 

ladlia^Dereiuan.  [6888]     Newton  BiukeL 

Vmda  UtiMbBft,  FhiUip.  [Donlytlld.) 

J.  Phillipa,  Pal.  Foas.  pi.  Iviii.,  f,  65,*  p.  137.  Refigured  as  Ctenodonta 
(Pal»oneilo)lirata  (PhilUps);  G.  F.  Whidborne,  Mon.  FtL  8oe 
1896,  pi.  xii.,  f.  12,  p.  100. 
Upper  Devonian  (above  Marwood  Beds). 

[7088]     Baggy,  North  Devon. 

Vacnla  ovata,  J.  de  C.  Sowerby. 

J.  Phillips  Pal.  Foss.,  pi.  xviii.,  f.  65,  p.  39. 
Lower  Devonian.  [6868]      Meadfoot  Sands,  Torquay. 

Pecten  granulosus,  Phillips.  T. 
J.  Phillips,  Pal.  Foss.,  pL  zzL,  1  76  a»  6,  c,  p.  46. 
Upper  Devonian.  [7006]     Landlake^  Cornwall. 

Vfcten  plicatus,  J.  de  C.  Sower^iv 

J.Phillips,  Pal.  Foss.,  pi.  Ix.,  1.  hu',  )>.  137.  Refigured  as  Crenipecten ? 
Ooeani  (Goldfu-is) :  G.  F.  Whidborne,  Mon.  I'al.  Soc,  1892,  pi.  x. 
f.&p.88. 

Middle  Devonian.  [6803]     Newton  Bushel. 

Vecten  transyersTiB,  J.  de  G.  Sowerby. 

J.  Phillips,  Pal  Fos.^i.,  pi.  xxi.,  f.  77,  a,  b,  p.  46.   Refigured  aa  Avicnlo. 
pecten  transverstts:  G.  F.  Whidborne,  Mon.  Pal.  Soc,  1896, 
pL  xvi.,  f.  2,  p.  187. 
Upper  Devonian  (POton  BedsV         [7008]     Brushford,  N.  Devon. 

neurorhynchos  aliformis,  J.  de  C.  Sowerby. 

J.  Phillips,  Pal.  Foss.,  pi.  xvii.,  f.  51,  p.  31.  R.  fipjrcd  as  Conocardinm 
clathratum,  d'Orbigny :  G.  F.  Whidborne,  Mon.  Pal.  Soc,  pi.  L, 
f.  20,  p.  18. 

Middle  Devonian.  [6987]     Newton  BnatoL 
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FrothyriB  recta.  'SThidborne.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1896L  pi.  ix..  figs.  12,  13,  14,  p.  86. 
Upper  DeTonUm.        [eoeso,  l>,  c]     South  Cave,  Bivggy,  N.  Devon. 

Prothyrifl  BC&lprata,  Whidborae.  T. 
Q.  F.  Whidbome,  Mon.  Pal.  Soc,  1896,  pL  iz.,  f.  17,  p.  88. 
Upper  DeTOnian.  [7044]  Bamstapla. 

Pterineft  bdliila  (Whidbome).  T. 

O.  F.  Whidborae,  Mon.  Pal.  Soe.,  1888,  pL  iv.,  f.  11,  u,  67. 
Middle  Devonian.  [8801]      Newton  BusheL 


Pterinea  1  Bpinosa,  Phillips.  T. 
J  Phillips,  Pul.  FoM.,  pL  xxiL,  f.  81  a,  rf,  p.  48. 
Lower  Devonian  [6867]      Woodabay,  N.  Devon. 

Pterinopecten  ]  Hallii,  Whidbome.  T. 
G.  ¥.  Whidborae,  Mon.  Pal.  Soc.,  1896,  pi.  xv.,  f.  4.  p.  134. 
Upper  DeTonian.  [7018]     Petaerwin,  GomwalL 

Pterinopecten  polytrichns  (Phillips). 

G.  F.  Whidborno,  Mon.  Pal.  Soc,  1896,  pi.  xv.,  f.  1,  p.  132. 
Upper  Devonian  (Pilton  Beda).       [7018]     Oroyde  Bay,  N.  Devon. 

Ptydiopteria  damnonienBis  (J.  do  C.  Sowerby)- 

G.  F.  Whidborae,  ^hm.  Pal.  Soc.,  1896,  pi.  xiv.,  figs.  9,  9(r,  p.  126. 
Upper  Devonian  (Marwood  Beds)  [7446J  West  Angle  Bay,  Pembrokesh. 

O.  F.  Whidbome,  Mon.  F^  Soe.,  1886,  pL  xiv.,  figs.  11, 11  a,  6,  p.  126. 
Upper  Devonian.  [7081]  MarWood. 

(See  also  Avi-ada.) 

PnUastra  antiqna,  J.  de  C.  Sowerby. 

J.  Phillips,  Pal.  Fos.s.,  y].  xvii  ,  f        rr,  />,  p.  3r).     Ilefigured  as 
Ctenoaonta  (Palaoaeiloy  liiata  (Phillips)  O.  F.  Whidborae,  Mon. 
Pal.  Soc.,  1896,  pi.  xiii.,  f.  4,  p.  100. 
Upper  Devonian  (Pilton  Beds).  [7083]  Barnstaple. 

PuUastra  ?  complanata,  J.  de  C.  Sowerby.  [Donbtful] 
J.  Phillij  s  Pal.  Fo9s.,  ])1.  xvii.,  f.  56,  p.  35.   Refigured  as  Sphenotms 
Hicksii,  I,  G.  F.  Whidbome,  Mon.  Pal.         1886»  pi.  ix.,  f.  9, 
p.  83. 

Upper  Devonian  (Marwood  Beds).  [7049]  BamBtaple. 

Eutotia  elliptica  (Whidbome).  T. 
G.  F.  Whidborae,  Mon.  Pal.  Soc,  1888,  pi.  v.,  f.  3,  p.  55. 
Middle  Devonian*  [6800]     Newton  Bushel. 

Sangninolaria  elliptica,  Phillips.  T. 

J  Phillips,  Pal.  Fos.s.,  pi.  xvii.,  f.  53  a~d,  p.  34. 
Upper  Devonian  (i'ilton  Beds).      [7045,  7046]      Gombe,  Aahbarton. 

Saagninolaria  lirata,  Phillips.  T. 
J.  Phillips,  Pal.  Foss.,  pi.  Iviii.,  f.  53*  a,b.  p.  136.    Refigurcd  as 
Ctenoaonta  (Palsoneilo)  lirata  :  G.  F.  Whidborae,  Mon.  Pal.  Soc, 
1886k pi.  xiii.,  f.  1.  P-  IW- 
Upper  Devonian  (Pilton  Beds).  [7084]     Pilton,  N.  Devon. 

Ban^nolaria  sulcata,  Muenster.  [Oollbtflll] 

J  Phillip  ,  Pal.  Fobs.,  pi.  xvii.,  1.  58  6,  p.  34. 
Upper  Devonian  (Pilton  Beds).  [7048]      Combe,  Ashburton. 

Bangninolites  mimns,  Whidborae.  T. 
G.  F.  Whidborae.  Mon.  PaL  Soc.,  1896,  pi  ix.,  f.  4,  p  78. 
Upper  Devonian  (Marwood  Beds)  [7047]     Near  Groyda. 
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Scaldiaf  lon^a,  Whidlwrne.  •  T. 

G.  F.  Whidbome,  Mon.  PaL  Soc.,  1896,  pi.  x.,  fics.  l,  i  a,  2,  p.  89. 
Upper  Derronisn  (Marwood  Beds)    [7025]  Sotith  Cave,  I3agg>-  Point. 

SphenotuB  ilicksii   Fide  Fullaatra  1  Complanata.  T. 


Gastibopoda. 

▲crocnlia  signsioidalis,  Phillips.  T. 
J.  Phillipa,  Pal.  1?  cwa.,  pi.  xxxvi.,  f.  170,  p.  94. 
Middle  1  Deiwnian  [688S]      Hope»  Torquay. 

Acroculia  vetnsta,  J.  de  C.  Sowerby. 

J.  Fhil]ipfl»  ¥aL  Toes^  pi.  xxxrl,  f.  169  6,  p.  98.  Befigured  as  GftpiliiS 
mtortns  ?  (F.  A.  Roemer):  Q.  F.  Whidborne,  Mon.  PkL  Soc, 
1891,  pi.  xxii.,  figs,  6, 6  a,  6,  p.  218. 

Middle  Devonian.  [6967]      Newton  BuaheL 

Ajutitrochus  arietinns,  Whidbornc.  T. 
G.  F.  Whidborne,  Mon-  PaL  fcioc,  1891,  pi.  xxiii.,  figs.,  11-13,  p.  S35. 
]Middle  Deronian.  [6964-6]      Newton  BnaheL 

Bellerophon  imperforatus,  Wbidbome.  T. 
G.  F.  Whidborne,  Moo.  Fd.  Soc,  1808,  pi.  xni^  figs.  11, 11  a,  p.  888. 
Middle  I>eToaian.  [8836]     Newton  Bnahel. 

BeUarog^ea  laliyrlalbota,  Wliidbome.  T. 

Q.  F.  Whidbonie,  Mon.  FkJ.  Soc,  1886,  pi.  viii.,  figs,  2,  2  a,  6,  p.  63. 
Upper  DeToman.  [7061]     Baggy  Point,  N.  Devon. 

BeUerophon  lineains,  Goldfaae,  MS. 

G.  F.  Whidborne,  Mon.  Fftl.  Soc,  1892,  pi.  xxxi.,  figs.  6,  6  a,  h,  p.  321. 
Middle  Devonian.  [6937]     Newton  Biubel. 

Bellerophon  snhglohatas,  M'Coy. 

G.  F.  WhidVorrm,  >foii.  Pal.  Soc.,  1896,  pi.  viii.,  figs.  3,  3  a,  p.  64. 
Upper  De\ouian  ^Marwood  Beds).  [7062J      North  Devon. 

Bellerophon  Urii,  leming;:. 

J.  Phillipa,  Pal.   oss.,  pi.  xi.,  f.  199  a-d,  p.  106.   llefigured  as  Eaphemua 
tanimeiifil,    ,  Whidborne^  Mon.  PaL  Soc.,  1806,  pL  m,  f.  S,  p.  7a 
Upper  Deveniw  (Ibrwood  Beds). 

[7063]     Baggy  Point)  N.  Devon. 

Capnlnfl  contortns?  (F.  A.  Koemer). 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  1891,  pL  iJoL,  figs.  6,  6  a,  6,  p.  218^ 
(See  also  Acrocviia  velmta.) 
Middle  Devonian.  .  [6966]     Newton  Buehel. 

Capulus  cordatas  (Whidborne).  T. 
G.  F.  Whidborne,  Mon.  RJ.  Soc,  1801,  pi.  xxi.,  figs.  1, 1  a,  p.  212. 
Middle  Devonian.  [6958]     Newton  BuslieL 

Cftpolns  galeritiu,  Whidborne.  T. 

G.  F.  Whidborne,  Mon.  IWL  Soc,  1891,  pi  xxii.,  f.  3,  3  «,  p.  217. 
Middle  Devonian.  [6959]     Newton  Bushel 

Gapnlns  pnellariB,  Whidborne.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1891,  pL  xx.,  f.  13, 13  a,  p.  210. 
Middle  Devonian.  [6960]     Newton  Bushel 
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Euomphalns  annnlAtns,  Phillips.  T. 

J.  Phillips,  Pal.  Foss.,  pi.  Ix.,  1.  172*  p.  138.   {E.  annuloms  on  p.  231)  ; 
G.  F.  Wlndbornt,  Mon.  PftL  Soc.,  1891,  pi.  xxiv.,  figs.  6,  6  a,  p.  25(X 
Middle  Devonian.  [6950]      Newbon  Bushel. 

Euomphalns  clrcularis,  Phillips.  I. 
J.  Phillipa,  PaL  Foss.,  pi.  xxxvl,  t  111,  p.  94. 
Middle  Devonian.  [6989]     Newton  BnebeL 

EuomphaluB  germanus  (Phillips^. 

G.  F.  Wbidborae,  Moo.  Pal.  Soc.,  1892,  pi.  xxv.,  figs.  4,  4  a,  p.  2d6. 
(Sec  also  Na^UUu9  germnnw.) 
Middle  Devonian.  [69G1]      Newton  Abbot. 

Xnomphalus  Hecale,  Hall. 

G.  F.  WnMl.(Mne,  Mon.  Pal.  Soc,,  1891,  pi.  xxiv.,  figs.  7,  7a,  p.  247. 

Middle  l)v\      !i.  [6953]      Newton  BusheL 

Euomphalns  radiatus  1  Goldfuss  MS. 

J.  Phillip.%  PaL  Foss.,  pi.  ix.,  f.  171*,  p.  138.  Eefigiired  as  Enomplialus 
rota^  Sandberger :  Q.  F.  Whidborae^  Mon.  Pal.  Soc.,  1892,  pL  xzv. 
f .  8,  p.  868. 

Middle  DeTonian.  [6962]     Newton  fioahol 

SnompliAliis  rota.  Ttcltf  B.  radiatvs  f 

EvompbalTU  serpens,  Phiilipa.  [DonbtfliL] 

J.  Phillipa^  Pal.  Foss.,  nl.  xxxvi.,  f.  172,  p.  94. 
Upper  Devonian  (Pilton  Beds).         [7069]     Braahford,  N.  Deron. 

Xuphenras  bammeiuii.   Vtd6  Belleropluni  VriL 

Fleming  ia  perrema  (Whidbome).  T. 

G.  I  '.  AVhidborne,  Mon.  Pal  Soc,  1898,  pi.  xxvii.,  figs.  4,  4    p.  267. 
Middle  Devonian.  [6962]     Newton  BosheL 


Helminthocliiton  papilio  (WliidboniL).  T. 
G.  F.  Whidbome,  Mon.  Pal.  Soc.,  1898,  pi.  xxxi.,  f.  15,  p.  334. 
Middle  Devonian  [6935]      Newton  BushoL 

Holopella  costata,  Sandberger. 

G.  F.  Whidbome,  Mon.  PaL  Soc,  1891,  pi.  xviii.,  figs.  15,  15  a,  p.  229. 
Middle  Devonian.  [6967]     Newton  BpsheL 

Holopella  tenuisulcata,  Sandbcrger. 

G.  F.  Whidbome,  Mou.  Pal.  boc,  1891,  pL  xvui.,  f.  11,  p.  225. 
Middle  Devonian.  [6963]     Newton  BoaheL 

Lo»meiiUb  uglieiim,  d'Orbigny. 

Q.  F.  Whidbome,  Moa  Pal."'So( 1896,  pL  v.,  f.  6,  p.  43. 
Upper  Devonian  (Marwood  Beds).  [7073]  Braunton  Down,  N.  Devon. 

Lozonema  f  praBterita,  Phillips.  T. 

J.  Phillips,  Pal.  Foss.,  pL.xxxviii.,  f.  187  c,  p.  100. 
Middle  Devonian.  [6884]       Hope,  Torquay. 

J.  Phillips,  Pal.  Foss.,  pi.  xxxviii.,  f.  187  a,  b^\>.  100.   ilefigured  as 
Lozonema retiovlatum  (Phillips):  G.  F.  whidbome,  Mon.  Pal. 
Soc.,  I891(pl.  xviiL,f.  8,  p.  177. 
Middle  Devonian.  [6977, 6978]     Ghadleigh,  Devon. 

« 

Lozonema  prisonm  (Muenster). 

G.  F.  AMiidbome,  Mon.  PW.  Soc,  1891,  pi.  xviii.,  f.  17,  p.  I'^i- 
Middle  Devooian.  [6970]      Newton  Boshei. 
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Xrftxoneina  reticulata,  Phillips.  T. 

J.  Fiulliiw,  Pal.  F088.,  pi.  Ix.,  f.  187*,  p.  139:  G.F.  Whidbome,  Uqu, 
FkL  Soc,        pi.  xTiii.,  figs.  3,  3  a,  e>,  p.  177. 
Kiddle  DeroniMi.  [6073]     Newton  Boabel. 

G.  F.  Whidbome,  Hon.  PiI.8oc.,  1891,  pi.  xviii.,  f.  l.y.  177. 
Middle  Devonian.  [0871]      Aewtoo  Bushel. 

(bee  .duo  L.  f  pnxterita.) 

Ifoxonema  Boemeri,  Eayser. 

G.  F.  Whidborne,  Mou.  i  ul.  Soc,  1891,  pi.  xvii.,  fi^js.  18, 18  o,  p.  172. 
Middle  Deronian.  [6073]     Newton  Bushel. 

Xtoxouema  sinuoea  (J.  de  G.  Sowerby).  [Doubtful] 
J.  Fhillipe,  Pal  FoM.,  fd.  xzxviiL,  f.  182,  p.  99. 
Upper  Devonian.  [7074]     Douih  Petherwin,  Coniwali. 

Xamdioilunmlatiiit  FhiUipe.  T. 

J. Phillips,  Pal.  F08S.,  pi.  lx.,f.  VM,*  \\  P^ofiguiedasMMroehiliiiA. 

Buhcostata  (Scblotheim) :  G.  F.  Whidbome,  Mon.  Fil.  Soe^ 

1891,  pi.  xvi.,  f.  8,  p.  160. 

Middle  Devonian.  [6979]      Newton  Bushel. 

Xaerocbeilus  elongatus,  Phillips.  T. 

J.Phillip.s,  I'al.  Fo«3.,  pi.  xxxix.,  f.  105,  p.  1U4.  Ketigured  ai>  Macrochilina 
subcostata  (Sehlotheim)  :  G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1891, 
ij1.  xvi.,  f.  7,  p.  IfiOi 
Middle  Devonian.  [6976]     Newton  BueheL 

XMrodhiliiift  elorata,  WUdbome.  T. 

0.  F.  Whidbome,  Mon.  Pal.  Soc.,  1801,  pL  xvii»  figs.  12,  12 't,  v.  170. 
Middle  Devonian.  [6974]     Newton  Buahel. 

Xacrocbilinaimbricata  (J.  Jo  C.  Sowerby). 

G.  F.  Whidborne,  MoD.  PaL  Scc,  1891,  pi.  xvii  f .  2,  p.  164. 
Middle  DevoniaD.  [6975J      Newton  Bushel. 

JUcrochilina  lulMOftato.    "Hdi  Mafliodieiliif  aroiilatiiil  and  X. 
tlaiigatai. 

Xaerochilina  ventrieota  (Qoldfues). 

G.  F.  Whidbome,  Mon.  PaL  Boc.,  1891,  pi.  xvii.,  tigs.  8,  8  7,  0, )..  167. 
Middle  Devonian.  [6980, 6981}      Newton  Bushel. 


G.  F.  Whidborne,  Mon.  PW.  Soc,  1891,  pi.  xvi'i  f.  6,  p.  183. 
Middle  Devonian.  [6Uti4j      Newton  Bushel. 

■nrdtisoiiia  g:eininata,  Phillip.s. 

J.  Philliits,  Pal.  Fo«s.,  pi.  x.vxtx.,  f.  190,  p.  102.  Kefigurcd  as  Murchisouia 
turbinata  (Scblotheim)  :  G.  F.  Wlddbome,  Mon.  I'al.  Soc,  1892, 

pL  TXT.,  f.  11,  p^  306. 
Midole  Devonian.  [8841]     Newton  Bushel 

■urahiwmm  ipinosa  (J.  de  C.  Sowerby). 

J.  Phillips,  Pal.  F0S8.,  pi.  xxxix.,  f.  192  b,  c,  p.  102.   Refiffured  as  MuT- 
chisonia  turbiuata  fl^t  lilotiu  ini) :  G,  F.  Whidbome^  Mon.Pal.Soc., 
1892,  pi.  XJQX.,  hgs.  13,  16,  p.  30<). 
Middle  Devonian.  [69.39,  6940]     Newton  Bushel. 

Mutthiioiiia  trepomena.   Vide  M.  tricincta. 

Ulol.  Survey.   Svmmaby  or  Proouzbh  roa  1900. 
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Kuroldioiiia  tricineta  (Muenster). 

J.  Philiips,  FkJ.  Fobs.,  pi,  Ix.,  f.  190%  p.  139.  Befigaied  aa  XmelnflOBift 
tMpomena,  T,  Wbidbome.  Mon.  lU.  Sue,  188S,  pL  zxx^  figv.  16^ 

16  rr,  p.  3ir>. 

Mitldle  l)evoiiian.  [6938]      Newton  BusheL 

Kurchiaonia  tnrbinata  (Schlotheim). 

G.  F.  \\  hidix)rae,  Moil  PaLSoc,  1892,  pL  xxz.,f.  8,  p.  3uu.   (See  also 
M.  gemtnata  aad  Jfl  <ptMOMk) 
•  Middle  DeTonian.  [6942]     Newton  Bushel. 

Xnrchisonia,  sp, 

C.     Wliulborno,  Mon.  Pal.  See.,        d1.  vi.,  f.  15.  p.  RO. 
Upper  DuvouiaD.  [7066]'     Baggy  Point,  N.  Devon. 

Haticopsis  Hallii,  Whidbornc.  Ti 
G.  F.  Whidborae.  Mon.  Pal.  Soc.,  1896,  pi.  v.,  figs.  11, 12,  p.  44. 
Upper  Devonian  (Mar wood  Beds).       [7070,  7071]      Nonh  Devon. 

Nautilus  germauus,  Phillips.  T. 
J.  Phillips,  PbL  Foss.,  pi.  xlviil,  f.       «h  b,  u.  lia  Befignred  as 
Eaomphalos  germauus :  Q.  F.  Whidhorne,  Men.  Pal.  Soc.,  180S, 

1)1.  XXV.,  figs.  4,  4a,  p.  266. 

Middle  J)  vdii  ian.  [6951]      Newton  Bushel. 

Phanerotinns  mondus,  Wliidborne.  T. 
G.  F.  W  hidbome,  Mon.  Pal.  Soc,  1892,  pL  xxv.,  f.  12,  p.  261. 
Middle  Devonian.  *  [6054]     Newton  BosheL 

Philoxene  lievis,  d'Archaio  and  de  Vernouil. 

G.  F.  VVhidborne,  Mon.  FaL  Soc,  1881,  pL  xidii,  figs,  18, 18  a,  p.  239 
Middle  Devonian.  [6855]     Newton  Buahel. 

Platyostoma  ?  deforme  (J.  de  C.  Sowerby.) 

G  y,  Whidbome,  Mon,  FaL  Boc,  1R91,  pi.  xxiil,  figs.  3—5,  p.  200. 
Middle  Devonian.  [6961, 6983,  7221]      Newton  BusheL 

Plenrotomaria  antitorquata  (Muenster.) 

J.  Phillips,  PaL  Foss.,  pL  xxxvii.,  f.  176  rf,  p.  96. 
Upper  Devonian.  [7072]      South  Petherwin,  ComwaU. 

Plenrotomaria  aspera  (J.  de  0.  Sowerby). 

J.  Phillips,  Pal.  Foss.,  pi.  xxxvii.,  f.  177,*  p.  96.  Refigured  as  P.  (Gyronia) 
Mpera :  O.  F.  Whidbome^  Mon.  PaLSoc,  1896,  pi.  vi.,  f.  12,  p.  57. 
Upper  Devonian.  [7067]      South  Fetherwin. 

G.  F.  ^\'hidborne,  Mon.  Pal.  Soc,  188^  pi.  vi.,  figs.  10,  10  a,  6,  p.  TiT. 
Upper  Dtvonian  (Marwood  )5eds).  [7066]      F.  of  Barnstaple. 

Q.  F.  Wiiidborne,  Mon.  Pal.  Soc,  1896,  pi.  vi.,  f.  11,  p.  57. 
Upper  Devonian.  [7068]     South  Ptotherwin. 

Plenrotomaria  cancellata,  Phillips.  T. 
J.  Phillips,  PaL  Foss.,  pi.  xxxviL,  f.  176  a,  6,  p.  96  ;  G.  F.  Whidborne, 
Mon.  Pal.  Soo.,  1892,  pi  xxviii,  f.  4.  p.  291. 
Middle  Devonian.  [6881]     Newton  Bushel. 

Plenrotomaria  Champenowni,  Whidbome.  T. 

G.  F.  Whidbome,  Mon.  Pal.  Soc,  1898,  pi.  xxvi^  figs.  5,  5  a,  p.  277. 
Middle  Devonian.  [6943]      Newton  Bushel. 

Plenrotomaria  dissimulatrix,  Whidbome.  T. 
G.  F.  Whidbome,  Mon.  PaL  Soc,  1882,  pi.  xxviii.,  f.  17,  p.  300 
Middle  Devonian.  [6946]      Newton  i>u  iie 

GmL.  SoiiTBy.  Gmauxr  or  PnooniM  lok  1900. 
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Pleurotomaria  Lonsdaiii,  d' Archaic  and  de  Verneuil. 

0.  F.  Whidbc»ne»  Mem.  Pal.  Soc,  1802^  pi.  xxvii.,  f.  12,  p.  280. 
Middle  DevoniuL  [8d46]     Newtoa  Biuhe . 

IleiiTOtoiiiaria  aeapolitaii^  Whidbome.  T. 

G.  F.  Whidbome^  Mon.  FfcL  Soe,  1803»  pi.  xxvii.,  f.  16,  p.  2^r.. 
Middle  i>evoQi&n.  Newboft  iiiuhel 

nmirotomaria  snbclathrata,  Sandbergor. 

G.  F.  Whidbome,  Hon.  Pal.  Soc^  1803,  pi.  xxvii.,  f .  1 1 ,  p.  278. 
Middle  Devonian.  [6048]      Newton  BuiheL 

Pleurotomaria  siibimbricata,  Whidbome.  T. 
G.  F.  Whidbome,  Mon.  I'al.  Soc,  1892,  pL  xiviiL,  f .  8,  p.  293. 
Middle  Devmuan.  [0049]     Kewton  Buahei 

TMreeUiA  Mflda  (Sandberger). 

G.  F.  Whidborae,  Mod. PiJ.  Soe^  1898,  pi.  xxxi.,  figd.  1 2, 1 2  a,  6,  p.  330. 
Middle  Devoniaa.  [6944J     Newton  Bq/UieL 

8floliiwtom>texatiuiL   Vide  Turbo. 

TropidodiMSl  trflobitiu  (J.  de  C.  Sow.?),  var.  blBnlcatoB,  F.  A.  Roemer. 
O.  F.  Whidbome,  Mon.  PiU.  See,  1896,  pi.  viii.,  f.  6,  6  a,  p.  G8. 
Upper  Devonian  (Marwood  Beds>  [7064]     Baggy  Pointy  N.  Devon. 

Turbo  tezatns  (Mucnstor). 

J.  Phillipa,  Pal.  Fos.s.,       xxxvii.,  f.  175  a,  A,  p.  05.    Refi^ired  as 
ScoliMtoma  texatum :  G.  F.  \Vhidl>ome,  Mod.  PaL  boc,  imif 
pi  Txiii.,  figs.  7,  8,  p.  831. 
Middle  Devonian.  [0968, 6969]     Newton  BluheL 


CSFHALOFODA. 


Aotinocerae  'i  cHuroiiia;  Crickii,  Whidborne.  T. 
a.  F.  Whidbome,  Mon.  BaL  8o&»  1896,  pi.  iv.,  1 9^  n.  33. 
Upper  Devonian.  (7076J     Mgg7i  N.  Devon. 

Cljinenia  faiciata,  Phillipe.  I. 
J.  Phillii«,  Pal.  Foea^  pi  liiL,  L  848  CMi^,  p.  125, 
Upper  Devonian.  £7178]     South  Petherwin. 

CSIjrmenia  lavigata,  Muenster. 

J.  Phillips,  Pal.  FoflB.,  pL  liL,  I.  839  a-c,  p.  124. 
Upper  Devonian.  1*  1*'^J 

Clymema  linearis,  Muenster. 

J.  I'hiliipti,  Pal.  i'osisi.,  pi.  liii.,  f.  241  a,  6,  p.  I2r>. 
Upper  Devonian.  [7176] 


>nia  plurisepta,  Phillips. 
Pbillipa,  PU.  FoB8.»  pi.  liv.,  f.  844  a-c,  p.  186. 
ler  Devonian.  [7174] 


Cljmema  plurifieptay  Phillips. 
Upper 

Clymenia  sagitU^ia,  Phillips. 

,  pU  liv.,  f.  843      p.  185. 
Upper  Devonian.  [7175] 


J.  PhiUipB,  Fooa. 


CtymtnlA  tlriaAa  (Maenster). 

.T.  Phillips,  Pid.  Foefc,  pi.  Uii.,  f .  840  a»  6,  p.  126. 
Upper  Devonian.  [7068J 

Qeol.  Subv2T.    Summab-x  0£  PBOoaass  loa  1900. 
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Cljmtnia  Talidi,  Plullipfl.  T. 
J.  Phillips,  Bkl.  Fobs.,  pi.  Hy^  f.  846  n,    p.  126. 
Upper  Deyonian.  [7177]     South  Pother  win. 

<?yrtocera8  armatam,  Pliillips.      -  T. 

J,  Phillips,  IVil.  Foss.,  ]>1.  \lviii.,  f.  '2-2'y  a,  />,  p.  118.     Refigiired  as 
Gyroceras  armatam :  G.  F.  Whidbome,  Mon.  Pal.  iSoc.,  1890,  pL 
xu.^gs.  1^  1  a,  p.  09. 
Middle  DeTonian.  [7096]     Newton  Bnsbel. 

Qjrtaowiu  ?  tebriatimi,  Phillipe. 

G.  F.  Whidbome^  Mou.  Pal.  Soc,  1800^  pi  x.,  figs.  3, 3  a,  p.  104. 
Middle  DeTonian.  [7104]     Kewton  Boshel. 

Clfrtoceras  obliquatmn,  Phillips.  T. 

J.  Phillips,  I'  t!  Foss.,  pi.  xlv„  f.  218  <i,  b,     e,  p.  115.   "Refigiired  as 
Trochoceras  obliqnatum:  U.  F.  Whidborae,  Aloo.  Pal.  Sac,  1890, 
pi.  ix.,  figa.  5,  5  a,  6,  p.  86. 
Middle  Devonian.  [7180]     Newton  BnaheL 

dyrtoeeftts  oniAtiim  ?  (Goldfius  MS.).  Phillips. 

J.  Phillips,  Pfcl.  Foss.,  pi.  xlv.,  f.  217,  p.  115.   Refigured  as  GyrooerM, 
praeclaniin,  T,  Whidbome,  Mon.  Pal.  Soc.  1890,  pi.  viii ,  f     p  91. 
Middle  Devonian.  [7001]      Newton  liuslieL 

djrtoceras  qnindecimale,  Phillips.  T. 

J.  Phillips,  Pal.  Foss.,  pi.  xliv.,  f.  216,  p.  114 ;  G.  F.  Whidbome,  Mon. 
PrI.  Soe.,  188U,  pi  X.,  f.  2,  p.  lOS. 
Middle  Devonian.  [7106]     Newton  BnaheL 

Cyitocenw  rettenlatinn,  Phill i  [)s.  T. 

J.  Phill  i  ,  I  il.   1"^    ,  )  1    xlviii.,  f.  224  a-C,  pb  117.    Rcfigured  an 
TrochoceraB  reticulatum ;  Q.  F.  Whidbome^  Mon.  Pal  Soc,  1680^ 
pi  ix.,  figs.  7,  7  a,    p.  88. 
Middle  Devonian.  [7121]     Newton  Bnahel. 

Cyrtoceras  rnsticuin,  Phillips.  T. 
J,  Phillips,  Pal.  Foss.,  pi.  xlvi.,  f.  882  a— c,  p.  116. 
ITpper  Devoifcian.  [7078]     South  Ftetherwin. 

Cyrt06«nM  tredooimale,  Phillips.  T. 

J.  Phillips,  Pal   F     ,  ]A.  xliv.,  f.  215  a— c,  p.  114.   Refigured  aa 
Gyroceras  tredecimale  :  Q.  F.  Whidbome.  Mon.  Pal.  Soc,  1890 
ul  X.,  figs.  5,  5  a,  6,  p.  96. 
Middle  Devonian.  [7108]     Newton  Bmhel. 

Qyrtoceras  n.  sp. 

G.  F.  Whidbome,  Mod.  Pal.  Soc,  1800,  pi  zii.,  f.  4,  p.  107. 
Middle  Devonian.  [7105]     Newton  BnaheL 

Goniatites  glohosuB,  Muenster. 

J.  Phillii>s,  Pal  Foes,,  pi  L,  f.  831  <i>  6,  p.  120. 

Middle  Devonian.  ["HI]      -Newton  Bu.skul 

G.  F  Whidbome,  Mon.  Pal.  Soc,  1890,  pi  v.,  figs.  12, 12  a,  6,  p.  67. 
Middle  Devonian.  [7112]     Kewton  BnaheL 

Goniatites  inoonstans,  Phillips. 

Q.  F.  Whidhome,  Mon.  Pal  Soc,  ibuu,  pi.  v.,  figs.  5, 5  a,  \u  63. 
Middle  Devonian.  [7113J     Newton  BiuheL 

G«aiatitet  insignis,  Phillips.  T. 
J.  Phillips,  Pal  Fois.,  pi  xlix.,  f.  228  a,     p.  119. 
Upper  Oevoniab.  f7083j     South  Petherwin: 
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Goniatites  obliquua  (WhidHorne).  -T, 
G.  F.  Whiiibome,  Mon.  Pal.  Soc.,  18i>a,  pi.  v.,  U;ia.  3,  3  a,  p.  00 
madle  Devonian.  [7114]     Newton  Boahel. 

Chmiatltes  transitorius,  Phillips.  T. 

J.  Phillips,  Pal.  Foss.,  pi.  Ix.,  f.  227,*  p.  140  ;  G.  F.  Wliidborne, 
Mon.  PW.  Soc,  1890,  pi.  V.  fig*.  10, 10  «,  p.  61. 

ICiddle  Devonian.  [7115]  Newton  BiuheL 

G.  F.  Whidborne,  Mon.  Pal.  Soc.,  1880,  pi.  vi.,  fij?8. 8,  ^^  r,  p.  Gl . 
Middle  Devonian.  (.7116]      Newton  Bushel. 

QoaiatiteB  sp. 

G  F.  Wliidborne,  Mon.  Pal.  Soc,  1880,  pi.  vi.,  figs.  14,  14  a,  h,  p.  75. 

Middle  Uevoniao.  [7118]      Kewton  BusheL 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  ISdO,  pi.  vi.,  figa.  1.5,  15  a,  p.  76. 
Middle  DeTonian.  [7117]     Newton  Buahel. 

GjTOoerai  armatum*   Fide  Cyrtoceraa. 

djroceras  Criekii,  Whidborne.  T. 
G.  F  Whidbonie,  Mon.  Pal  Soc,  1890,  pL     f.  10,  p.  80.  (Cfffioeerai 

on  plate.) 

Middle  Devonian.  [7100]      Newton  Bnahel. 

CljTOceras  Eifelcnse  (d'Arch.  and  de  Vern.). 

G.  F.  \V  indiiorue,  Mon.  Pal.  Soc,  1800,  pi.  x.,  f.  8,  p.  97. 
Middle  Devonian.  [7087]     Newton  Bnaliel. 

Oyroceras  ornatnm  (Goldfuss,  MS.),  Whidborne. 

O.  F.  WhidhoRie,  Mon.  Ril  Soc.,  isoo,  pi.  viii  a.,  fig^.  I,  i  a,  p.  94. 
Middle  Devonian  1  {7088]     Newton  Bnihel  f 

Oyroceras  praclamm  (Whidborne).  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1880,  pi.  viii^  figa.  S,  S  a,  p.  81.  (See 

also  C>/rtocent$  omahtm*) 
Middle  Devonian.  [7002]      Newton  BusheL 

Ctjroeeni  teeiUwiinale.   Fide  CSyrtocerai. 
Vatitiliif  gennamii.   VuU  Bii<mplialiii. 

Orthoceras  Champernowni,  Whidborne.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1890,  pi.  xv.,  f.  11,  p.  142. 
Middle  Devonian.  [7125]     Newton  Bnahel. 

Orthoceras  cinctnm  ?  J.  de  C.  Sowerbj. 

J.  Phillips,  Pal.  Foes.,  pi.  xlL,  f.  204  a,  p.  100.  Refigured  as  Orthoceras 
fpeelMimi  (Mnenator) :  Q.  F.  Wliidbonie,  Mon.  Pal.  Soc.,  1880, 

J)l.  XV.,  f.  8,  p.  148. 
le  Devonian.  [7134]      Newton  Bushel. 

Qrthoetna  dolatnm,  Whidborne.  T. 
G.  F.  Whidborne,  Mon.  PaL  Soc.,  IfidO^  pi.  xiv.,  f.  3,  j).  13-2. 
Middle  Devonian.  [7126]      Newton  Buahel. 

Orthoceras  elUpsoidenm  1  Phillips.  T. 

J.  Phillips,  Pal.  Fobs.,  pi.  Ix.,  f.  205,*  p.  140.  (O.  venOicogifm,  on 
p.  231.)  Refigured  as  Poterioceraa  ellipsoideum :  G.  F.  Whid- 
borne, Mon.  Pal.  Soc.,  1880^  pLzi.,  figa.  1, 1  a,  p.  1 1  :>. 
Middle  Devonian.  [7131]     Newton  Buahel. 

GxoL.  SravEY.    Sumkauy  of  Proohess  fok  1900. 
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drthoMTM  Imlnrioatiun,  Hisinger. 

J.  nuUipa,  Pal.  Fo8B.,pl.  xlii.,  f .  207,  p.  1 1 1.  Refigurcd  as  PotflriOOWas  t 

O.  F.  \Mndborne,  Mon.  Pal.  Soc.,  1896,  r>l.  iv.,  f.  r.,  28. 
U|']«tT  Devonian.  [707UJ      Marwood,  N.  Devon, 

Orthoceras  laterale,  Phillip."^. 

J.  Pliilliijs,  Pal.  Fobs.,  pi.  xli.,  figs.  205  c,  d,  p.  110 ;    G.  F 
Wliidborne,  Mon.  Pal.  Soc,  1890,  pi.  xt.,  f.  3,  p.  144. 
Middle  Devonian.  X7127,  7128J     Kewton  BusheL 

n.  F.  WliidLorno,  Mon,  Pal.  Soc,  1890,  pi.  XV.,  figs.  4,  5,  p.  144. 
Middle  Devonian.  [7129, 7130]      Newton  Bushel. 

Orfhoceras  Indense,  J.  de  C.  Sr.werby. 

J.  Phillips,  Pal.  Foss.,  pi.  xlii.,  f.  206  a,    p.  110. 
Upper  Devonian.    [7076,  7077]  (a)  Soatn  Petherwin.  (6)  Marwood. 

Orthoceras  rapiforme,  Saiidb^rger. 

O.  F.  Whidborae,  Mon.  Pd.  Soc.,  1890,  pi.  xiii.,  figs.  15, 15  a,  p.  12i. 
Middle  Devonian.  [7132]     Newton  Bushel. 

Orthoeenui  Boliertti,  Whidborne.  T. 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  1890^  pi.  xiii.,  f.  11,  n.  126. 
Middle  Devonian.  [7133]     Newton  Bushel. 

Orthoo«rai  ipadonmi.  Ftdt  0.  cinetani  t 

(hrtihooeras  BubajumUre  (Muenster). 

G.  F.  Whidborne,  Mon.  Pal  Soc,  1890,  pi.  xiv.,  figs.  7,  7  a,  p.  138. 
Middle  I>evonian.  [7136]      Newton  BusheL 

Ortboceras  tnhicinella,  J.  dc  C.  Sowerby. 

G.  F.  Whidborne,  Mon.  Pal.  boc,  1890,  p!.  xiv.,  figs,  ^  4  a,  p.  134. 
Middle  Devonian.  [7 J  36]      Newton  BusheL 

Orthoceras  Vicarii  (A\  hidborne).  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1890,  pi.  xiii.,  f.  3,  p.  129. 
Middle  Devonian.  [7137]     Newton  Boahel. 

Piiragmoceras    ujigulatuui  (Whidborne).  T. 
O.  F.  Whidborne,  Mon,  Pal.  Soc,  1890,  pL  ad.,  figs,  6,  6,  8,  p.  ill. 
Middle  Devonian.  [7122-7124]     Newton  Bnsbel. 

Potorioeeraa  •Uipsoideam.   Fide  Orfhoeerat. 

Poterioceras  ]    Vide  Orthoceras  imbricatum. 

Sabclymenia  Syiiiondsi  (MS.).  "Whidborno.  T. 
G.  F.  Whidborne,  Mon.  Pal.  Soc,  1896,  pi.  vii.,  figs.  3,  3a,  4.  p.  26. 
Marwood  Beds.  [7080,  7081]     Bnumton  Down,  N.  Devon. 


lemnocheilus  inomatuB  (Whidborne).  T. 
G.F.  Wbidboine,  Mon.  Pal.  Soc,  1890,  pi.  vii.,  figs.  3,  3  «,  p.  80. 
Middle  Devonian.  [7107]     Newton  BnsbeL 

Irodioeerat  obliquatam  (Phillips). 

G.  F.  Whidborne,  Mon.  Ptel.  Soc,  1890^  pi.  ix.,  699.  6, 6  a,  p.  88.  (See 

also  Cf/rtoceras,) 

Middle  Devonian.  l'i"119j      Newton  Bushel. 

Trochoceras  reticttlatum.     Vide  Cyrtoceras. 
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INTRODUOTIOK 


The  field  work  tor  the  year  1901  was  conrentratcd  in  rlofinitc  Mr.  Tcall. 
iiXQSt&  and  was  placed  under  the  charge  of  JJistrict  Gculn<rists. 
In  Ticw  of  this  iiietliod  of  carrying  on  tho  work  it  has  been 
thought  desirable  to  make  the  annual  record  of  progress  reflect 
the  organisation  of  the  Survey.  The  chronological  arrangement 
which  nas  been  adopted '  in  previous  Sumviariea  has  therefore 
been  abandone<l  in  favour  of  a  geographical  arrangement. 

The  work  in  England  and  Wales  was  undn-  fin'  ;^cneml  charge 
of  Mr.  H  B.  Woodward,  F.K.S.,  and  was  can  it'd  oti  in  three 
districts,  which  are  referred  to  as  tho  ^lidland  district,  tho 
Southern  district  and  the  South  Wales  district. 

Jxk  Scotland  the  work  was  superintended  by  Dr.  John  Home, 
F.R.S.,  and  was  of  necessity  somewhat  more  scattered.    In  the 
following  report  tho  results  arc  grouped  also  under  three  difJtricts :  * 
the  West  Highland  district,  including  Skye ;  the  Northern  district; 
and  tho  Eiust  Hitrhland  district. 

The  work  in  Ireland,  which  is  limited  to  a  rc-survoy  of  tlio 
drift-covered  areas,  was  in  change  of  Mr.  G.  W.  Lamp] ugh  and 
was  carried  on  in  the  neighbourhood  of  Dublin. 

A  few  of  the  more  important  results  will  now  be  briefly 
indicated. 

In  tho  Midland  district  the  detailed  mapping  on  the  six-inch 
scale  has  led  to  some  modification  of  the  earlier  maps.  The  so- 
called  k'crmian  outlier  w^t  of  Knslitou  has  been  proved  to 
bolontr  to  tho  Lower  Ciuif  unfcrous  scries,  Tlic  Tnassic  area 
which  forms  the  greater  portiuii  ofShdet  110  is  for  tlie  most  part 
covered  by  glacifu  and  fluvio-glacial  deposits.  Some  interesting 
details  as  to  the  nature,  distribution  and  probable  mode  of  origin 
of  these  deposits  will  be  found  in  the  following  pages. 
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QIOtOaiCAL  SURVEY. 


Hr.  Tmai.       In  the  west  of  Kiii'land  the  process  of  subdiTidfa^  the  great 
killfts-fomiation  of  De  la  Bcchc  has  been  continued,  and  a  new 

flivision  the  Ihiyle  Sandstone — has  l)een  recojifnisod.  Thoro  is 
every  reunion  to  hop*'  that  as  this  iin}X)rtant  work  proceeds  the 
structure  of  the  disU  u  t  will  hoTnade  out  and  the  trne  relations 
of  the  Devonian  to  the  pre-Uevoniun  rocks  ascertaijied. 

A  considerahle  mass  of  granite,  later  in  date  than  the  main 
masB,  has  been  found  in  the  Land's  End  district,  thus  proving 
that  the  granitic  aroa  is  not  so  simple  in  structure  as  is  repre- 
sented in  the  earlier  nia|xs.  Special  attention  has  been  paid  to 
the  metaniorphisni  pn>duce<l  hv  the  granite,  not  only  on  account 
of  its  scientihc  interest,  but  also  bcfause  the  inoro  imjwrtant 
mineral  veins  occur  in  the  nieUiiaorphic  zone.  Some  LHolated 
mctamorphic  areas,  which  indicate  the  proximity  of  granite  to 
the  present  sur&ce  in  districts  where  no  granite  is  visible,  have 
been  met  with.  The  work  of  recording  the  mining  information 
lias  been  delayed  pending  the  appointment  of  an  officer  whose 
duty  it  will  lie  to  devote  himself  especially  to  tliis  object.  The 
appointment  has  now  been  made  and  the  work  will  be  proceeded 
with. 

In  the  Devonian  and  Carboniferous  areas  of  the  west  of 
England  ad<KtionaI  evidoice  has  been  obtained  €f  an  important 
unconformitybetween  the  Middle  Culm  or  Weardo  beds  and  the 
Devonian.  The  Lower  Devonian  succession  has  been  worked 

out  in  a  more  satisfactory  manner  than  heretofore. 

The  ]>r<>irress  of  tbf^  work  of  mapjMng  the  South  Wales  coal - 
lield  has  necessitated  the  examination  of  the  Lower  Pakeozoic 
rocks  which  come  within  the  northern  border  ot  Sheet  230. 
The  Ordovician  and  Silurian  rocks  wliich  occur  within  the 
sheet  have  been  examined,  but  no  natural  undisturbed  junction 
has  been  met  with.  Evidence  of  faulting,  probably  accompanied 
by  over-thrusting,  has  been  found  all  along  the  line,  and  the 
dominant  movements  liave  been  connected  up  with  the  disturb- 
ances of  C'ribarth  antl  the  Vale  of  Neath  to  which  reference  has 
been  Tuade  in  previous  summaries. 

Jnlier.^  of  Silurian  rocks,  hitherto  unsuspected,  have  been 
found  in  Gower,  thus  proving  a  great  but,  probably,  local  diminu- 
tion  in  the  thickness  of  the  Old  Red  Sandstone.  No  definite 
separation  of  Upror  and  Lower  Old  Red  Sandstone  has  yet  been 
found  possible.  The  sequence  of  red  beds  appears  to  be  conform- 
able thronghmit :  Init,  on  the  other  hand,  tnerc  are  signs  of  an 
imef^nlorniity  between  the  Old  Ked  Sandstone  and  the  Silurian 
rocks. 

The  deep  trough  of  Coal  Metisure.s  extending  from  Swansea  to 
LlanoUy  has  been  further  examiiu)d  and  founa  to  contain  some 
of  the  highest  measures  of  the  coal-field.  Two  outliers  of  Trias 
have  been  proved  to  occur  in  Gower. 

The  transportation  (>f  t,da{nal  drift  which  has  taken  place  in  a 
irfMHTMl  sfMith-we.sterlv  flireetion  fn  the  districts  prcvionsly 
examined,  iias  had  a  Kuutlierly  impulse  ixiven  to  it  across  tlie 
northern  and  western  portion  of  the  Carboniferous  area,  from 
which  the  presence  of  a  great  body  of  ice  in  Central  Wales  may 
be  inferred. 
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In  tho  northorn  (list  rid  of  Scoihuul,  work  has  been  carried  on  Mr.  Teall. 
in  Ross-shire  and  luvornuss-ahiro,  extending  oiistwards  from 
Loch  Hoiim  and  Ijoch  Ailsh.  Much  additional  infonnation  has 
boen  obtained  as  to  tho  crystalline  schists  and  the  associated 
igneous  rocks.  The  Glencl^  plutonic  complex  has  been  found  to 
consist  of  acid,  intermediate,  basic  and  ultra-ba.sic  rocks  wliieh 
have  been  inlnidfd  into  the  Moinc-schisUs.  Tho  more  acid  mem- 
bers of  the  series  liavo  been  slieare<l  and  granulitised  in  cerUiin 
plaeeH  hy  later  movements,  and  dykes  (it  quartz-felsitc,  porphyrito 
and  mica>trap  traverse  tho  complex. 

In  the  Ahiess  district  of  Ross-shire,  a  bluish  ^cy  mica-schist 
beloiunng  to  the  Moino  scries  has  been  traced  into  a  banded 
homtels  w  hich  fonns  a  contact  zone  round  aucjcn-gnoiss.  From 
this  it  lias  l)cen  inforro<l  that  the  contjict  mctjimorphism  was 
anterior  to  the  muvument  wliich  prndiieod  the  foliation  in  tho 
Moine  series.  Lenticular  sills  of  hornblendito  and  two  small 
exposures  of  iho  rare  and  interesting  rock  known  as  scy elite 
Jiave  been  observed  in  the  same  district. 

In  the  West-Highland  area,  dykes  of  a  dioritic  rock  precisely 
resembling  the  malchites  ot  Uie  Odenwald,  have  been 
net  with  near  the  head  of  Loch  Eil.  Tlicy  traverse  mnscovito- 
binitit€-^e!ss  amphilN)lite  and  pegmatites,  but  arc  alfio  cut  by 
thin  stnn<^'s  oi  ])e|nfmatito. 

In  tho  central  district  of  Scotland,  the  exanuiiut  i(  n  of  an  area 
between  Pitlochr^^  and  Bhii  Aiiiol  has  brought  to  light  import- 
ant evidence  bearing  on  the  sequence  of  the  Highland-schists  in 
that  area.  The  graphite  schist,  which  is  in  many  places  sc{)ar- 
ated  from  a  mass  of  black  schist  by  folded  quartzite,  has  been 
traced  continuously  round  the  folds  mto  the  black  schist,  and  tho 
identity  of  the  two  in  that  area  h-\^,  therefore,  been  established, 
Tho  qnart/itf  appears  to  be  the  hi^lusi  nic4iil)er  of  the  series,  and 
there  is  some  evidence  of  an  unconformity  at  its  l>aso.  Interest- 
ing evidence  bearing  on  the  age  of  the  newer  granite  has  been 
obtained.  In  the  Alness  district  of  Ross-shire  the  basal  con- 
glomerate of  the  Old  Red  Sandstone  contains  fra<anents  of 
these  ffranites,  whereas  in  the  rc^on  north  of  Clachlet  in 
An^yllshire,  the  volcanic  series,  which  is  presumably  of  Lower 
OM  }<i'(\  Sandstone  ago,  has  been  ])ierccd  by  granite.  It  is  not 
iniproiiahle  that  many  of  the  newer  u:ianite  masses  belong  to 
some  portion  of  the  Old  Ued  Sandstone  period  which  is  known 
to  have  been  a  period  of  granitic  intrusions  in  other  portions  of 
the  British  Isles. 

The  work  in  the  Skye  district  has  letl  to  the  recej^ition  of 
Cretaceous  rocks  in  Soay  Sound  and  Seal]iay.  The  zone 
of  Pertini  (t.^ppr  has  Viecn  detinitely  idrnliticd  in  the  latter 
island,  and  evidence  of  the  i^'ieat  Uppor  ("rctaceous  truiisi^n-essicm 
lias  thus  l>een  found  where  it  had  not  been  hitherto  8US[h  (  ted. 

An  interesting  series  of  composite  dykes  of  Tertiary  age  haS 
been  found  in  the  Lome  Plateau.  Some  of  those  have  been  tilled 
at  three  successive  periods  ;  the  earliest  intrusion  being  olivine- 
dolerite  and  the  latest  quartz  td site.  Along  one  of  these  com- 
posite dykc*s  a  series  of  neck-shaped  masses  composed  of 
agglomerates  and  lavas  has  been  mapped. 
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Mr.  Teall.  Tlie  detailed  mapping  of  the  drifts  in  Irekud  wiis  comiiienced 
in  the  Dublin  aroii.  A  largo  portion  of  this  area  is  deeply 
covered  with  drift  which,  therefore,  has  a  much  greater  influence 
on  the  nature  of  the  sur&ce  than  the  solid  geolo^. 

The  general  composition  and  distril)iition  of  the  drifbs,  the 
inanner  in  which  they  have  modified  the  pre^gladal  topograph^ 
in  the  lower  portion  of  the  Jirea,  and  Imve,  in  turn,  been  modi- 
tiod  by  this  topoifmpliy  in  the  higlior  ground,  as  well  ;i.s  tiicir 
influence  in  dot orn lining  the  character  of  the  soil,  are  briefly 
siuaiuarised  in  the  following  pages. 

Among  the  points  of  interest  arising  out  of  last  season's  work 
are  two  which  deserve  special  mentioa  The  esker4ike  ridge, 
south  of  the  liffey,  has  been  found  at  one  point  to  rest  on  a 
water-worn  floor  of  Carboniferous  Limestone.  At  the  sanio 
locality  the  gravels  of  the  ridgo  can  he  seen  to  pass  laterally  into 
gravelly  clay,  full  of  scmtchetl  sti^nes,  resting  on  a  striated  rock 
surliice.  These  facts  strongly  su|)[)urt  the  widely  accepted  view 
that  ridges  of  this  type  are  the  casts  of  sub-glacial  watct- 
channels. 

The  examination  of  the  northern  slopes  of  the  Dublin 

Mountains,  included  Avithin  Shoot  112,  has  led  to  the  con- 
clusion that  the  short,  deep,  water-cut  gorges,  which  occur  as 
notches  on  many  of  the  projecting  .spurs,  like  similar  gorges 
recently  described  in  other  regions,  have  l>con  excavatoil  by 
jxiwcrliil  streams,  either  draining  tlirectly  acro.ss  ice  or  rcprcscnt- 
mg  the  overflow  from  lakes  held  in  between  tho  hills  on  the  one 
side  and  the  margin  of  the  ice-sheet  on  the  other. 


ENGLAND  AND  WALES. 

I.— ilELD-WORK. 

w''^  -J  The  ground  to  be  surveyed  was  arranged  in  three  areas  under 
woodwaid.       District  Geologisto  as  follows  :— 

1.  Midland  district  under  Mr.  C.  Fox-Strangwavs. 

2.  Southern  district  under  Mr.  Clement  Reid,  F.R.S. 

3.  South  Wales  district  under  Mr.  A.  Strahan. 

In  the  Midland  arcii  the  surveys  of  Sheet  110  (Maccleslield) 
and  of  141  (^Derb^  and  Lot^^hborough),  toQ;ethcr  with  that  of 
the  Choadle  coal-Held  in  Sheet  124,  have  been  finished.  The 
Memoir  in  Explanation  of  Sheet  166  (Leicesti^r)  has  been  com- 
pleted, while  those  in  explanation  of  Sheets  110  and  141  and 
district  me»n()irs  on  tlio  North  Staflbrdshirc  coal  Hold,  including 
that  of  Cheadlc,  and  on  tho  Leicestershire  coal-Held  are  in 
preparation. 

In  the  Southern  area,  Sheet  351  ^Penzance)  has  been  completed 
with  the  excepUon  of  the  mining  mformatioa  The  Memoir  in 
Explanation  of  Sheet  314  (Ringwood)  was  finished,  and  this, 
as  well  as  memoirs  dealing  witn  the  geology  of  Exeter  and 
Southampton,  would  have  been  published,  but  that  questions 
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conconiing  a  iiQiform  price  for  memoirs  have  caused  delay.  Mr. 
The  ^h.'inoirs  on  Sheets  208  (Salishurv  ).  317  (Chich^stor  and  ^^oodward. 
Midhm*st),  350  (Torquay),  and  355  and  350  (Kmgsbridgo  and 
Start  Point)  are  in  hand. 

In  the  South  Wales  areti  the  survey  of  Sheet  247  (Swansea) 
hu  been  completed,  but  some  eollieiy  infinrmAtion  has  yet  to  be 
obtained.  The  Memoir  in  Ebcphmation  of  Sheet  263  (Cardifi) 
was  finished,  and  other  memoirs  on  Sheets  231  (MerthyrXydvil), 
248  (Pontypridd),  and  262  (Brid^nd)  are  in  hand. 

Proofs  of  the  general  memoir  on  the  Cretaceom  Rocks  of 
Britaiv  vol.  ii.,  by  Mr.  Jukes-BrowTv\  and  of  that  on  tlio 
Geoloyy/  a/  the  Isle  of  Man,  by  Mr.  LiUin>liigh,  are  still  in  hand. 
A  memoir  on  the  Water  Siippty  of  Berkmive  luis  been  completed, 
and  we  are  indebted  to  Kr.  H.  W.  Monckton  for  editihg  the  HSS. 
left  by  the  late  Mr.  J.  H.  Blake  on  Uie  geology  of  the  country 
around  Heading  in  explanation  of  Sheet  268.  The  publications 
during  the  year  are  noted  on  pap^c  94. 

In  addition  tn  the  ordinary  tield-work,  special  examinations 
have  btMjn  made  <>(  now  railway  cuttinffii;  those  frnm  Axiiiiiister 
to  Lyme  lU^s,  and  from  Alderton  to  Woottou  ])as.srtt  (on  the 
South  Wales  Direct  Railway)  were  noted  by  myself,  and  the 
sections  exposed  by  the  Goole  and  Bfaishland  Raihvay  were 
recorded  by  Mr.  Gibson. 

Tlirou<,di  the  courtesy  of  Mr.  James  Mansergh,  F.R.S.,  then 
President  of  the  Institution  of  (Mvil  Enj^nneors,  Mr.  T.  C.  Can  trill 
had  the  D])|K)rtunity  of  exaniinin<^  tlu^  .sections  nloTi'jf  the  course 
of  the  a<iiie(luct  of  the  Biriniiit^hain  ( '<)r])<)raiiuii  Waterworks 
from  KhflAader  to  Frankley ;  and  by  kind  pcnuisciiou  of  Mr.  A. 
KcDonala  Cobban,  Mr.  Gil)8on  was  enabled  to  examine^  a  series 
of  cores  from  a  deep  boring  at  Scunthorpe  in  Lincolnshire; 


1.  M1DI.AND  DisiBiCT.--GBESBmE,  Staffobbshire,  and 

DSBBTSHIRE. 


Mr.  C.  Fox-Stiangways,  District  Geologist 

Mr.  W.  Gibson  \ 

Mr.  T.  I.  Pocock  I  o^io^gti. 
Mr.C.RWedd  Geologists. 

Mr.  J.  Alien  Howe  J 


LOWER  CAliBONIFEBOUS  ROCKS  (CUEHHIRE  AND  iSXAFFOBDSUiKE). 


*Tho.sc  rocks  occupy  the  eastern  side  of  Sheet  110.  They  are  Mr.  Fox- 
arnue^ed  in  a  series*  of  synclinal  and  jinticliiial  folds  running  Strangways. 
in  a  mt>re  or  less  northerly  direction.  The  northern  part  of  this 
r^on  has  been  mapped  by  Mr,  Pocock,  and  was  described  in  the 
last  Smaman'y  of  Profjrt9» ;  the  southern  jx)rtion  has  been  mainly 
siu-veyecl  by  Mr.  Wedd,  with  the  exception  of  the  ground  north  of 
Kushton  Spencer,  which  has  been  done  by  Mr.  Uowe. 
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Mr.  Wedd.  The  Lower  Carboniferous  shales  and  sandstones  in  this  area  rise 
into  a  well -marked  anticline  running  N.  and  S.  by  Lask  Edge, 
High  Bent,  and  Brown  b]dge.  Tbo  structure  is  well  slmwn 
by  the  change  of  dip  in  the  shales  and  grits  in  Dingle  Brook, 
which  flows  round  the  north  end  of  the  ridge ;  and  in  the  cloughs 
between  Cloud  Hill  and  Roshton,  where  t£e  anticline  appears  to 
be  pitching  down  or  d  \  i ng  out  nortliwarda  This  fold  is  succeeded 
on  the  cast  by  a  shallow  syncline  running  aj^roxiniately  N.N.W. 
on  the  west  side  of  Rudyard  Reservoir,  as  is  well  shown  l)y  the 
ridges  of  the  Third  and  Fourth  Grits.  East  of  the  reservoir 
another  syncline  runs  in  the  same  direction  between  Rudyard  and 
Heaton,  the  outcropping  edges  of  the  Fourth  Grit  illustrating  the 
structure.  Both  taese  synclines  appear  to  be  dying  out  norths 
wards.  Between  them  the  relatively  narrow  -valley  of  the 
Rudyard  R<  ser\  oir  may  be  assumed  to  be  occupied  by  an  anti- 
cline, perliaps  in  part  cut  out  by  a  fault  running  along  the  Talley. 
East  of  tlio  Rudyard-Hcatoii  syncline  anotbor  anticline  miming 
W.  of  N.  brings  up  the  so-trailed  "  Yoredaie  iSandstones"  again 
alon,L(  the  edge  of  the  map. 

Tlie  folding  of  the  haru  Millstone  Grits  interciilated  with  soft 
shales  is  aooompanied  by  a  certain  amount  of  local  fieiulting.  A 
fault  with  nortnorly  downthrow  runs  E.N.E.  across  the  l£»rton 
svncline  through  Haeclitt'  Wood,  where  it  displaces  the  Third 
Grit ;  it  also  nroliably  throws  the  Third  against  the  Fourth  Grit 
oTi  the  east  side  of  the  reservoir.  A  short  distance  further  north 
there  is  a  similar  fault  with  the  same  downthrow.  Just  nortli  of 
Hollins  an  E.  aiid  W.  faidt  with  northerly  downthrow  cros^ses  the 
anticline  of  Lask  Edge  and  is  continued  on  into  the  Biddulph 
Valley.  Tlic  purple  grit  of  Rushton  appears  to  be  cut  off  ontne 
south  and  thrown  agjiinst  shales  by  a  N.  W,  &ultpassing  south  of 
the  Crnwii  Inn.  A  N.W.  fault  passing  under  Wellboach  House 
west  of  Rushton  Statitm  seems  to  throw  down  the  Bunter  on  the 
east  against  Lower  Carboniferous,  and  the  eastern  iHniiifl-trv  of  the 
Bunler  is  considered  by  ^fr.  Wofld  to  be  probably  also  iaulled. 

On  the  top  and  along  the  Hanks  of  the  anticlinal  ridge  extend- 
mg  by  Lask  Eilge,  High  Bent,  and  Brown  Edge,  red,  purple,  and 
white  sandstones  are  exposed,  which  are  upwards  oi  20  feet  in 
thickness.  These  bods  are  indicated  on  the  old  surrey  map  as 
"  Yoredaie  Sandstones."  The  same  series  of  sandstones  and 
shales  cotnes  to  the  surfnec  east  of  tbe  Rudyai*d  syncline.  In 
one  of  the  highest  sandstones  in  this  series  near  Dingle  Brook, 
on  the  west  side  of  the  western  anticline,  there  is  a  two-inch  band  of 
hardj^ritcrowdedwith  casts  of  small  lamelhbranchs(Po«i>/o7iie/^?). 
This  band  is  separated  by  thin  black  shales  from  a  higher  bod  of 
grit  with  plant  remains.  Above  this  there  is  a  thick  series  pf 
black  shales  with  hard  sandstones  and  layers  of  calcareous 
bullions  containing'  GovfufiffK  in  al)un(lancc  :  these  are  well  seen 
in  iJingle  Brook  ;  and  in  Lee  Wood  Rushton.  The  shales  are 
succeeded  by  several  grits  ot  the  Millstone  Grit  scries,  which  are 
more  numerous  and  thicker  than  in  the  Biddulph  valley. 
Commencing  at  tbe  north  the  lowest  grit  is  seen  at  Heaton  and 
Fairboroug£.  It  consists  of  lavender  or  grej ,  flaggy,  micaceous 
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gnt  with  intercalated'  beds  of  purple  shale,  resting  on  ver^  Mr.  Wedd. 
massiTe,  hard,  grey  grit,  with  ocaisional  pebbles.  This  gnt 
appears  to  be  the  s<  vcjilTod  '  Pt  rniian  "  of  the  old  survey.  Though 
similar  in  ("''>lotir  to  the  lavender  sandstones  of  the  Keole  series 
of  the  Upper  Coal  measures,  it  is  a  sharper,  harder,  nnd  more 
qiiartzose  jcfrit,  weathering  to  red  Siiud  rather  than  to  criiiison  marl. 
Though  it  clearly  overlies  black  shale,  Mr.  Wedd  has  not  been 
able  to  find  any  section  showing  its  rektion  to  higher  beds ;  but 
at  the  same  time  it  conforms  markedly  in  strike  and  dip  to  the 
folding  of  the  Lower  Carboniferous  shiJes.  The  grit,  shown  on  the 
old  map  as  a  small  isolated  patch  of  "  Permian,"  sonic  little 
distance  west  of  Rushton,  is  clearly  a  ridge  of  cfrit  overlying  l)liick 
shales  and  dippini,'  N,W.  in  strict  unison  with  the  foUhng  of  the 
Lower  Carboniferous  of  the  locality,  to  wliich  it  clearly  belongs. 
The  general  strike  of  the  beds  about  Lej  and  Hu.shton  also  shows 
that  these  so-calledPermianbedsbelongto  theiower  Carboniferous 
series.  Near  the  Inn,  a  red  and  purple  grit  with  white  blotches, 
shown  on  tlie  old  map  as  Bunter,  is  on  the  same  strike  as  these 
beds,  and  undoubtedly  of  the  same  age. 

The  shallow  synciine  of  Horton,  which  appears  to  bediminish- 
mg  or  dying  out  north ward.s,  will  in  its  northerly  continuation 
occupy  the  ground  between  the  main  anticline  of  Rushton  and 
the  synciine  of  Heaton,  against  which  latter  it  is  probably  faulted, 
the  mtervening  anticline  being  mainly  cut  out  Consequently 
it  may  be  expected  that  the  beds  here  will  bo  wrinUcd  into  but 
slight  folds,  or  will  be  nearly  flat,  so  that  a  bed  occurring'  at  the 
surface  would  remain  at  or  close  to  the  surface  for  a  considerable 
distance. 

A  short  distance  S.S.E.  of  Rushton  Church,  lavender  grit,  similar 
to  that  described  above,  is  seen,  and  it  is  probably  identical  with 
the  lowest  grit  of  Heaton  (the  Fifth  Grit).  Above  this  the  Fourth 
Grit  bonds  round  with  the  synciine,  and  is  exposed  at  Heaton. 
It  is  a  thick,  massive,  pink  and  white,  rather  eoarse-^M'oitied  grit 
with  seams  of  small  pebbles.  This  grit  re-aj^pears  on  the  west 
side  of  the  Rudyard  Reemoir  below  the  Third  Grit  in  Raecliff 
Woocl,  and  is  repeated  by  a  fault  It  bends  round  in  another 
syncliiie,  and  runs  south  of  Horton,  where  it  forms  a  strong' ridj^o 
below  the  Third  Grit.  Some  distance  further  N.W.,  below  Cloud 
Hill,  two  or  three  thin  beds  of  '^nt  which  are  cIofc  together 
occupy  the  same  relative  position  boiuw  the  Third  Grit.  Those 
are  doubtless  the  attenuated  representatives  of  the  Fourth  Grit  of 
Heaton  and  Horton.  On  the  west  side  of  the  Biddulph  valley 
no  trace  of  this  grit  is  seen,  so  it  has  doubtless  died  out. 

The  highest  •rrit  seen  in  this  area  is  a  massive,  conumct,  rather 
coar.se-grained  false-bedded  red  and  white  grit,  with  sciuns  of 
pebbles.  It  rises  in  a  nd^/e  above  the  Foiurth  Grit,  and  runs 
from  Rudyard  Reservoir  N.N.E.,  passing  east  of  Hunt  House. 
On  the  west  side  of  the  reservoir  the  same  ^rit  bends  round  in  a 

Suclme  and  occupies  the  high  ground  ol  Harpers  Grate  and 
rindlestone  Edge. 
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TRIASSIC  (STAFPOBDSHIRE  AND  CHESHIRE). 

anii  Banter. — A  small  patch  of  BuntcT  comes  into  the  ground 

Mr.  Howe,  uudcr  consideration  to  the  north  of  iiushton,  but  the  area 
occupied  by  the  rock  is  not  so  extensive  as  indicated  on  the  old 
survey  map.  Mr  Wedd  finds  that  it  consists  of  the  usual  red 
and  mottl<  (l  s.mdstone  with  more  or  less  abundant  pebbles.  It 
seems  to  be  luou^ht  against  I  ho  Lower  Carboniferous  on  the  west 
by  a  fault  runnmc:  N  .W.  under  Welbeach  House.  It  is  pro- 
bably bounded  on  its  (  astern  side  also  by  a  fault.  In  the  river 
banks  above  Hug  Bridge  there  is  an  intcrestingexpo.sureofthe.se 
beds  which  has  been  mapped  by  Mr  Howe.  Tne  upper  20  or  30 
feet  of  these,  well  seen  in  Ked  Pool,  consists  of  soft  redsfindstone 
with  small  pebbles  and  lenticular  patches  of  red  marl  of  varying 
size;  they  pass  down  gradually  into  a  more  marly  group,  shown 
in  tlio  river  bank  200  ynrds  cast  of  Hult  Hridgc.  These  red  marls, 
whicliarodesciibcfi  in  the  iiK  iiioir  on  Tlie  (Tfolorfff  of  the  Country 
round  StocL-prirt,  MaccUsjltUi,  (Jvntjleioii  and  Leek,  p.  30,  as  of 
Permian  age,  are  now  considered  to  be  the  lowermost  of  the 
visible  Buntar  beds;  they  contain  numerous  bands  andlenticdar 
patches  of  bleached  sandy  marl  It  is  the  similarity  of  these 
markings  to  those  of  the  Permian  of  Manchester  that  seems  to 
have  led  previous  observers  to  place  these  beds  in  the  Permiiin. 

Kcv pt'i-.—An  the  western  part  of  the  map  Mr  Gibson  has 
found  that  the  Keuper  marl  is  only  exposed  on  the  banks  of  the 
Kiver  Dane,  and  in  the  stream  near  Beicliuw  House.  I\[essi*s. 
Wedd  and  Howe  f»lso  report  exposures  of  Keuper  marl  aluiu' the 
Whedock  and  Weaver  with  the  tributaries  the  Croco  and  Wade 
Brook,  and  in  the  deep  elunudis  north  of  Congleton.  It  consists 
principally  of  red  marl  with  thin  beds  of  gypsum,  and  a  few  thin 
red  and  white  ihv^^  at  intervals.  Thf  beds  are  much  disturbed 
and  sometimes  sharply  folded,  but  there  is  a  general  westerly 
dip. 

TRIASSIC  AND  LIASSIC  (DERBYSUIRE). 

Mr.  Fox-  The  revision  of  the  couniry  to  the  south  of  Derby  in  the 
fc^trangwajB.  nortliern  part  of  tho  onc-iii<  h  Map  141  has  shown  that  the  only 

solid  strata  that  come  to  the  surface  are  the  Keuper  marl,  and 
t  wo  small  oiitlit'is  ol  Lias  and  Kha>tic  beds.  The  Keuper  marl 
forms  rising  ground  between  tlio  Trent  and  Derwent,  as  well  as 
to  the  north  of  the  latter  river,  and  to  the  east  of  the  Soar.  There 
is,  however,  veiy  little  of  interest  to  note  in  this  formation.  It 
consists  of  the  usual  red  marls ;  but  in  the  neighbourhood  of 
Derby  it  becomes  more  sandy, although  tlu  re  are  no  special  beds 
of  sandstone  that  can  be  sep/imtcd  out.  as  has  been  done  on  the 
south  side  of  the  Trent.  Jnst  liryond  the  northern  ed.i^e  of  the 
map  tbcso  sandstone  i)eds  appear  to  become  rather  stronger,  and 
it  is  urobable  that  they  will  bu  able  to  be  traced  in  tliat  country. 
At  Chellaston,  and  to  the  cast  of  the  Soar  at  Thrumpton,  Kings- 
ton^ and  Gotham,  the  Keuper  marl  contains  an  important  bed  of 
gypsum,  which  is  worked  at  these  places.   It  varies  in  thickness. 
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tho  average  being  about  6  feet,  but  occasionally  it  is  said  to  be  Mr.  Pox- 
much  thicker.   Although  tho  gypsum  usuaUy  dissolves  when 
near  the  sur&ce^  its  outcrop  can  be  traced  with  considerable 

accuracy  for  some  miles. 

In  the  neighbourliood  of  Gotham  there  are  two  conspicuous  out- 
liers of  Lower  lias  au'l  Kb!»'ti«'  which  constitute  the  extreme 
N.W.  outcrop  of  these  bods  m  tlna  district.  The  dark  Kli:i  t  ic 
shales  have  been  seen  at  a  few  place.s ;  and,  from  tho  uutciop 
always  occurring  on  a  stcej^  escarpment,  is  not  difficult  to  trace. 

The  lowest  beds  of  the  Lias  form  a  nearly  level  surface  on  the 
summit  of  these  hills,  and  the  limes tono  has  been  quarried  at 
several  places,  but  the  beds  are  not  thick  enough  to  be  of  much 
commercial  valuck 

PLEISTOCENE  (DEUBYSUIBE). 

In  the  south-eastern  portion  of  tho  county  there  is  very  little 
true  glacial  dri  ft ;  but  the  post-glacial  beds  are  very  extensive,  and 
of  consitleruble  interest.  The  separation  between  the  two  is  not 
easy  to  detine,  us  will  be  seen  presently. 

The  principal  dejx^sit  of  lJ(julder clay  occurs  at  < 'h<']l,>stun, 
which  is  situated  at  the  end  of  the  ridijc  separating  the  salivy  of 
the  Trent  from  that  of  the  Derwent  It  occupies  eroded  hollows 
in  the  marl,  and  consists  of  two  separate  deposits,  the  included 
fragments  being  derived  from  the  north  and  west  in  the  lower 
day,  and  from  the  east  in  the  upper.  The  other  patches  of 
Boulder-clay  are  of  no  great  thickness,  and  occur  along  the  ridge 
between  Mickleover  and  Derby;  in  the  low  L^nound  south  of 
Derby,  and  alori!^  the  risinn- ground  north  of  Barrow-upon-Trent, 
A  good  deal  of  coarse  gravel  occurs  along  the  riilge  by  Mickleover, 
LitUeover,  and  Derby,  but  it  is  not  easy  to  separate  it  from  thd 
general  mass  of  drift.  There  is  also  a  scattering  of  pebbles  over 
nearly  the  whole  of  the  ground ;  the  importance  of  which,  in  the 
absence  of  sections,  it  is  difficidt  to  estimate.  The  most  important 
beds  are,  however,  fho  post-i^lacial  deposits  of  the  'I'rent  and 
Dc  rwent  valleys,  whu  ii  liave  been  ably  described  by  Mr  Deeley.* 
Although  Mr  Deeley's  sub-divisions  are  in  the  main  correct,  it  is 
not  easy  to  follow  his  correlation  of  tho  different  beds.  Thero 
are  gravels  of  three  or  more  periods  in  these  vaUovs,  which  more 
or  less  resemble  ordinary  river  gravels,  and  Mr.  !Fox-Strangways 
caimot  find  any  evidence  that  these  are  "  intcrglacial."  The 
highest  gravels  may  he  of  late  i^'laeial  age,  having  been  laid  down 
when  fjhicial  conditions  still  existetl  in  the  neighbourhood,  but 
there  is  no  true  Boulder-clay  over  them.  They,  in  fact,  form  a 
connecting  link  between  glacial  and  post-glacial  times.  The 
highest  of  these  terraces  is  about  50  feet  or  more  above  the  pre- 
sent river  flat;  and  although  generally  formmg  a  fairly  level 
plain  they,  ui  some  cases,  gradually  rise  on  the  mner  side  (]uite 
another  50  feet  or  more,  ft  is  here  that  they  become  difficult  to 
separate  from  p^lacial  Ijeds.  and  we  propose  therefore  to  call 
them  "  high  level  valley  gravel.'* 


Qucwt.  Juuni.  O'eol.  /Soc.,  vuls.  xlii.,  p.  437,  and  lii.,  p.  107. 
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Mr.  Fox-  The  princiijal  terrace  is  from  15  to  20  feet  above  the  mfxlern 
Btraogways.  alluviinu,  aj]fainst  which  it  usually  terminates  in  a  well-doHncd 
bauk.  On  the  south  aide  of  the  Berwent  this  terrace  has  a 
breadth  of  a  mile  and  a  liuU,  and  at  Allenton  contiiins  the  re- 
mains of  Hippopotamm*  Below  this  are  other  terraces,  which 
merge  into  the  alluYium  of  the  present  riven;  so  that,  although 
they  end  off  in  a  steep  bank  on  the  higher  side,  they  usually  taB 
off  down  stream,  and  cannot  be  separated  from  each  ocher. 

There  are  two  interesting  deposits  of  lacustrine  clay  occupying 
old  hollows  in  tho  Koupor  marl ;  one  of  thesp,  Sinfin  Moor,  has 
an  area  of  about  2  square  milcsf;and  the  other,  Gotham  Moor,  is 
probably  double  this  size,  but  the  mapping  of  the  latter  is  not  yet 
completed.  The  deposit  of  this  latter  place  is  a  white  marl  with 
mucn  vegetable  matter,  but  the  specimens  yet  obtained  are  too 
decayed  to  be  determinable.  In  the  Erewash  Valley  close  to 
Toton  Sidings  a  stiff  marly  clay  with  shells  nrmrs  beneath 
tlic  present  alluvium  of  the  stream,  in  which  Mr.  Clement  Beid 
notes  the  following  species — 

LimTimi  (peregra  ?).  Dti ph  n  >V « ( w  i  n  t  er  eggs). 
Valmita  piischialis.  Lycopod  (spores^. 

Bifhynia  teniaeuUUa.  &irptt8  lacustns. 

Chrysalis  cases  (several  species). 

The  Trent  alluvium  shows  a  ^eat  number  of  old  river  courses, 
one  of  Avhich  is  of  historical  mterest  as  being  mentioned  by 
Shakespere} ;  it  is  close  to  the  village  of  Bepton,  and  has  a  length 
of  about  2  miles. 


GLACIAL  (CHESHIRE). 

Mr.  Gibson.  The  drift  occurring  in  tliis  district  consists  of  two  main  typos 
— the  older  BouUler-clay  or  true  till ;  and  the  later  fluvio  glacial 
deposits  with  which  we  have  principidly  to  deal  As  tho  iormer 
of  these  has  been  seen  at  very  few  places  there  is  little  to  be  said 
about  it  The  Huvio-glacial  ue|)osits  however  cover  the  greater 
part  of  the  district :  and,  sUirting  from  a  level  plain  of  about  150 
feet  at  (  Vcwe  and  Middlewich,  gradually  rise  about  Contjflcton 
and  Macclustield,  till  in  tho  liiUs  beyond  they  attain  an  altitude 
of  alxiut  800  feet. 

Thu  western  part  of  the  district  is  best  describetl  under  two 
divisions — the  general  flat  of  Crewe,  Sandbach  and  the  countrv 
to  tho  north ;  and  the  ground  bordering  the  Dane  river,  which 
intersects  this  plain.  Mr.  Gihson  finds  that  sections  are  not 
numerous  except  in  and  around  the  Dane  valley;  where,  however, 
the  sands  and  clays  appear  to  be  of  a  diiierent  origin  from  those 
around  Saudbach. 


♦  H.H.  Aniold  Bemrose.  fop.  ett.  p.  487. 

t  Mr.  Dcelcy  give.sa  Hoctlon  of  the  Sinfin  Moor  deposits,  foe.  ciL  p.  508. 
X  JJ*nry  J  K.,  Ft.  I.,  Act  iii.,  Sc.  1. 


Digitized  by 


Mll>LAND  DISTRICT. 


11 


The  sands  and  clays  of  the  geneial  plain  are  i^parently  Mr.  GiWn. 
unstratified,  and  of  very  varying  thickness,  oeing  only  a  few  feet 

thick  jU  Wheelock  and  Betcnton,  and  over  70  feet  around  Sand- 
bach.   The  relation  between  the  sand  and  clay  is  not  detcrmin- 

aMe.  but  as  a  rule  clay  overlies  an  irrcpilar  surfju-^'  of  siind, 
which  is  itself  deposiled  on  an  irreguhir  floor  of  Kcujkjf  marl. 
A  few  jj^laeialed  boulders  oeeur  in  the  clay,  but  the  sands  are 
remarkably  free  of  pebbles  of  any  kind.  The  sands  attain  t  heir 
maximum  thickness  at  SandlMbch,  but  thin  out  rapidly  un 
approaching  the  Weaver  valley  to  the  west,  or  the  Dane  valiey  to 
the  north. 

Around  Crowe,  and  for  some  distance  to  the  west,  there  is  a 
finely  laminated  clay,  but  its  relation  to  the  beds  further  north  is 
uncerUiin.  A  boring  in  the  town  proved  30  feet  of  sand  over- 
lyinif  150  feet  of  clay. 

In  the  valley  of  tno  Dane  south  of  Cranage  Hall,  and  at  the 
Viaduct,  beds  of  Boulder-clay  are  seen  wnich  are  the  oldest 
glacial  (leposits  of  the  district.  They  are  about  30  feet  thick,  and 
consist  of  stiff,  brown  clay  full  of  striated  stones  with  numerous 
frajjments  o(  Turritella  and  Cc  rtJii'  jn  rrlule.  This  till  is  overlaid 
by  Ji  tine,  brown, laininafod  flay  wbicb  is  seen  in  a  brickpit  south 
of  Cotton  Hall,  and  appears  oeeasionally  to  (x^eujw  tnc  lower 
part  of  the  banks  of  the  Dane  and  other  streams.  It  is  ovcriaiil 
oy  a  light-coloured  stratified  sand,  which  spreads  out  over  the  - 
sur&ce  of  the  surrounding  plain. 

Nearer  Congleton  Mr.  Wedd  observes  that  the  drift  seen  inMr.  Wedd 
the  clitF-scctions  of  the  Dane  is  only  a  few  feet  thick,  but  away  •"♦^ 
frf)m  the  Dane  the  tbiekness  is  considerably  greater.  A  wi>ll  on 
the  we«t  side  of  Eaton  Park  showed  a  thickness  of  G.'i  feet  with- 
out reaching  the  Keuper  marl.  It  is  of  the  iLsual  rbararter;  but, 
besides  the  eonuuun  type  of  current-bedded  sand  and  gravel,  some- 
times contMning  shell  fhigments,  there  is  a  somewhat  different 
deposit  of  yellow  sand  occupying  flat-bottomed  valleys  (in  many 
cases  flanked  by  normal  moundy  drift)  or  level  plains.  This  sand 
is  entirely  free  from  gravel,  and  probably  hjis  a  different  origin 
from  that  of  the  ordinary  glacial  drift.  It  seems  to  have  been 
reconstnicted  out  of  drift  material  during  the  e;irliest  stages  of 
the  Dane  drainage  system.  These  flat  sands  are  sometimes  seen 
to  rest  upon  Boulder-clav.  In  the  ordinary  moundy  glacial  drift 
the  boulders  are  much  the  same  as  those  described  m  previous 
reports,  Ennerdale  granophyre,  Eskdale  granite,  and  various  types 
of  the  Lake  District  Volcanic  series  being  abundant.  Small 
boulders  of  crinoidal  Carljonifcrous  Limestone  are  sometimes 
found,  and  grey  flints  oceur  sparinHv. 

In  the  country  north  of  the  L)ane  Mr.  Howe  finds  the  Siime 
general  succession.  The  grciiter  part  of  the  area  is  occupied,  at 
the  surfii^  by  stiff",  brownish,  finely  laminated  clay ;  the  remain- 
ing portion  is  covered  by  clean  yellow  sand.  About  Peover 
Superior,  Allostock,  and  north  of  Goo.strey  a  sheet  of  sand  rests 
persistently  on  the  laminated  clay;  but  about  Nether  Peover  the 
relat'on  oTthe  t  w  o  deposits  becomes  obscure.  Along  the  ('row 
Brook  this  order  is  reversed,  and  a  clay  repos<>«  on  sand.  Some 
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Mr.  W6dd 

and 

Mr.  Eowe. 


Mr.  Poooek. 


of  the  i^roiiiKl  mapped  as  clay  consists  of  good  stift'  cliy,  which  is 
so  full  of  small  leuticlcs  of  clean  sand,  that  after  eultivation  tho 
soil  assumes  quite  a  sandy  aspect.  Occasionally  these  lenticles 
8Well  out  into  rounded  hills  of  sand. 

The  relation  of  the  Dane  valley  deposits  to  those  of  the  rest  of 
the  plain  has  not  been  made  out,  from  the  het  that  they  aro 
never  seen  together  in  any  one  section,  and  their  outcrop  is 
always  a  feallior  od^-o.  It  is  probable  however,  that  they  are 
more  recent,  and  till  in  an  old  line  of  drainage  across  the  plain. 

As  wc  approach  the  hills  the  drift  becomes  much  thinner  and 
very  irregular  in  its  distribution.  Mr.  Wedd  finds  that  the  Mill- 
stone Gnt  ridges  and  the  porous  Bunter  sandstone  are  generally 
bare  of  drift.  Both  clay  and  sand  lie  on  the  high  ground  within 
the  svncline  of  the  Fourth  Grit  south  of  Heaton,  but  it  is  doubtful 
whctlier  there  is  any  in  a  similar  position  within  the  syndine  of 
the  Third  Grit  of  Harper's  Gate  and  Grindlestone  Edge.  Tlic 
drift  of  this  tract  is  on  the  whole  simil  ir  in  composition  to  that 
of  the  plain,  and  consists  of  red  and  bi  n  vn  stony  and  often  sandy 
clay,  with  patches  of  sand  and  gravel.  .Vmongst  tho  boulders 
there  is  ni^urally  a  greater  proportion  of  local  Garboi^erous 
material,  principally  fragments  of  the  Millstone  Grit  and  lower 
sandstones.  Boulders  <jrCarbomferous  Limestone  also  occur,  and, 
in  the  neighbourhood  of  Heaton  and  Rudyard,  Bimter  pebbles 
are  abundant.  No  shell  frap^mcnts  have  been  found  in  tins  tmct, 
though  they  occur  in  the  IJiddiilph  valley.  The  drift,  liilmg  the 
valleys  between  the  anticlinal  and  synclinal  grit  ridges,  is  for  the 
most  part  flat  or  gently  sloping  with  few  deiinite  mounds ;  but 
at  Bushton,  about  the  mouth  of  the  Budyard  valley,  it  is 
moundy. 

In  the  district  west  of  Macclestield  Mr.  Pocock  observes  tliat 
the  drift  ,  which  nccnrs  at  the  surface  over  the  greater  part  of  the 
low  eoimtry,  belongs  to  a  stage  of  the  glacial  period  when  the 
vier  de  (jlace  had  retreated  iVoni  the  rennine  Jlills,  and  wide 
sheets  of  water  stretched  along  the  plain  at  their  foot.  The 
rivers  Bollin  and  Dean,  emci-ging  from  the  upland  valleys, 
coalesced  on  the  lowland,  and  deposited  their  silts  and 
gravels  in  terraces  along  the  flanks  of  the  hills.  Some  accoimt 
of  one  of  these  terraces,  which  occurs  at  about  the  500-feet 
contour,  was  irivon  in  last  year's  report,  where  it  was 
stated   that    tho    shoreline   was  situated    near   a   ridi/o  of 


the  Triassic  formation  which  abuts  against  the  Carlwniferous 
rocks  three  miles  south  of  Macclesfield.  But  there  are  indications 
that  the  water  had  previously  stood  at  a  higher  level,  and  over- 
flowed the  Triassic  ridge  into  the  basin  of  the  Dane.  A  thick 
deposit  of  chocolate-coloured  brick«clay  is  found  at  a  level  of 
about  570  feet  on  the  east  side  of  Macclesfield,  similar  in 
character  t o  the  stra !  i fied  (  lay  at  the  500-foot  level.  A  good  section 
!»iay  be  ^;ccn  at  a  brick  pit  nn  the  Buxton  Road  near  the  canal 
bridge,  whore  the  clay  is  overlaid  by  gravel  and  sand,  which 
formed  an  ancient  delta  laid  down  by  a  stream  emerging  from 
the  adjacent  vallev.  Brick-clay  at  a  corresponding  level  occurs 
on  the  west  bank  of  the  Bolnn  near  Broken  Gross,  the  inter- 
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Toning  valloy  hmvj^  o.ni  down  to  a  depth  of  alnml  14-0  feet.  Mr.  Pocock. 
Althoiij^^h  this  clay  is  in  some  places  40  teet  tbifk  few  roiimants 
of  it  liave  survived  denudiition.  Ft  was  proliahly  ol  wide  extent, 
and  the  water  in  which  it  was  dejx>sitod  wa^  hi^h  enuugli  to  over- 
flow the  watershed  in  the  Chiimet  VaUev,  ana  connect  with  the 
eastern  drainage  system  of  England.  West  of  Broken  GroBs  the 
clay  seems  to  become  more  stony,  which  probably  indicates  that 
it  was  formed  in  a  lake  between  the  ice  snect  and  the  Pennine 
Hills.  After  the  retreat  of  the  waters  below  the  500- foot  levol, 
the  river  Bollin  formed  a  succession  of  terraces,  on  jmrl  of  which 
the  town  of  ^[acclcsfield  is  built.  A  short  distance  tarther  north 
the  river  flows  outside  our  area,  and  its  subsequent  ideological 
history  has  not  been  worked  out  After  the  retreat  of  uie  waters 
below  the  500-foot  level  the  gravel  which  formed  the  margin  ot 
the  lake  at  the  mouth  of  the  Langloy  valley  gave  rise  to  a  small 
brook  whirh  flows  through  Dane's  Moss  and  eventually  esciipes 
into  the  v.illry  of  the  Dane.  Hence  the  watcr-p  irting  tetween 
the  Bolhn  and  the  Daue  since  the  gl.-icial  period  has  passed 
through  an  old  gravel  deposited  by  the  former  stream.  Ibis  is 
a  phenomenon  Soqucntly  exhibited  by  the  small  streams  in  the 
western  |)art  of  the  area. 

The  remainder  of  the  drift  to  be  described  lies  within  the 
drainage  basin  of  the  Dane,  to  the  south  and  west  of  the  Triassic 
axis  before  mentioned.  The  groimd  level  falls  gradually  from  a 
height  of  500  or  (500  feet  between  Aldcrloy  and  (Jaws worth  to 
about  250  feet  at  C'helford  aud  Withiugton,  and  the  couHguration 
of  these  two  districts  is  strongly  contrasted.  Much  of  the 
ground  in  the  former  area  presents  on  a  small  scale  the  familiar 
features  of  bills  of  eircumdenudation  and  yalleys  of  ercsion, 
which  are  characteristic  of  land  sculpture  among  horizontal 
strata  that  have  been  subjected  to  prolonged  denudation ;  the 
lattor  consist  of  horizontal  expanses  of  clay  and  sand  but  little 
broken,  save  where  the  larger  streams  haw,  cut  their  channels 
across  them.  But  the  passiigo  from  the  one  type  to  the  other  is 
gradual. 

The  hi'dier  parts  of  the  drift  from  about  450  feet  to  600  feet 
consist  of  ridges  of  sand  and  gravol,  which  may  be  nearly  100  feet 
thick,  with  occasional  hummocks  of  clay  apparently  rising 

from  beneath  theiu.  The  nature  of  thcso  deposits  is  not  very 
cle<ar,  partly  on  aceoiuit  of  their  denuded  condition,  and  partly 
froui  tlie  lack  of  any  good  sections. 

The  group  of  sand  mounds  in  the  parishes  of  Henbury  Rn<\ 
Gawsworth  may  have  been  formed  by  the  flood  waters  libemieil 
from  the  ice  sheet,  as  it  retreated  further  and  frirther  from  the 
h  igh  ground,  while  the  clay  hummocks  may  he  moraine  pr of onde 
formocl  while  it  was  still  in  motion  on  the  plain. 

At  a  somewhat  lower  level  the  character  of  the  drift  becomes 
more  apparent,  and  phenomena  are  preseuted  siuiilar  to  these 
described  in  the  l)asiii  of  the  Bollin,  but  on  a  smaller  scale,  and 
of  a  later  geologiuil  time.  Plalfunns  of  clay  at  successive  levels 
may  be  traced  tor  considerable  distances  across  the  country,  the 
higher  ones  small  and  broken,  the  lower  of  greater  extent 
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>fr.  Pocock.  As  thoy  are  followed  into  the  higher  ground,  these  clays 
disappear  between  beds  of  sand  and  siavel,  or  are  laid  against 
higher  platforms.  Towards  the  plain  tney  are  cut  off  by  denuda- 
tion and  split  up  into  outliers.     These  days  are  of  a  chocolatie 

brown  colour,  rather  sandy,  and  free  froin  pebbles.  They  are  not 
so  cnnspienonsly  laminated  as  some  of  the  days  of  the  BoUin 
basin,  but  thoy  uio  usually  intorbedded  with  s.ind,  and  can  be 
followed  for  considerable  distances  at  a  nearly  uniform  lovol.  They 
are  not  more  than  20  feet  thick,  and  sometimes  much  less, 
especially  on  their  inner  margins.  Owing  to  extensive  denuda- 
tion they  occupy  small  areas,  though  sometimes  thoy  exceed  in 
thickness  the  clays  which  coyer  lai^  tracts  of  the  lower  ground 
lurther  west. 

■A  good  section  of  these  clays  can  bo  seen  at  liuck's 
Hill,  between  Siddington  and  Thornycroft  Park.  Tliis  is 
a  small  round  hillock  atiout  300  yards  in  diameter,  the  top  of 
which  is  410  feet  above  the  sea.  A  pit  on  one  side  shows  a  oed 
of  sandy  brown  clay  free  from  stones,  about  15  feet  thick,  resting 
upon  sand.  The  summit  is  a  rather  coarse  gravel  composed  of 
erratic  pebbles  resting  on  an  eroded  surface  of  the  clay.  This  is 
an  outlier  of  ii  clay  bed  which,  with  its  ovorlyinp^  gravel,  can  be 
tractnl  at  nearly  tne  same  level  all  across  the  area  from  Henbury 
to  Marton.  Between  Marton  and  Gawsworth  the  gravel  forms  an 
extensive  terraca 

This  and  other  terraces  at  various  elevations  are  clearly  water 
levels  of  Glacial  age  and  may  have  been  formed  in  somewhat  the 
same  fashion  as  those  described  by  Prof.  J.  Goikio  in  the  Clyde 
basin  {Gmit  In'  A gr^  p.  1 75) ;  vh.,  m  a  lake  bounded  by  ice  on  one 
si<le  and  l>y  rising  Ln-nnnd  on  the  other.  But  there  is  no  cer- 
tain trace  of  ice  aetioii  m  the  ehiys,  and  so  far  m  the  evidence  goes 
they  might  have  been  laid  down  in  a  lake  which  covered 
the  greater  part  of  the  Cheshire  plain,  the  successive  terraces 
being  different  stages  in  the  retreat  of  the  waters.  The  various 
little  streams  which  intersect  the  drift  in  this  part  of  the  area 
usually  have  remnants  of  sand  and  gravel  terraces  along  their 
banks,  which  can  he  traced  down  their  courses  and  connect  with 
the  lake  terraces  on  the  more  open  ground.  These  streams  take 
their  rise  in  the  more  elevate<l  part  of  the  drift,  so  that 
the  terraces  connected  with  them  must  be  of  Liter  date  tlian 
those  formed  by  the  BoUin.  A  succession  of  them  may  be  seen 
on  the  slo{)ing  groimds  east  of  Capesthorne  Park,  the  lowest  of 
which  claims  particular  notice,  as  it  is  the  connecting  link 
l)etween  tlie  more  hilly  drift  just  deserihed,  and  the  flatter  drift 
to  the  west,  beginning  a?"  m  narrow  strip  of  sjmd  raised  alHtvo 
the  stream  which  flows  throuL,']i  Capesthorne  Park,  this  terrace 
rapidly  opens  out  westwards,  and  covers  many  square  miles  in  the 
townsoips  of  Chelford,  '^thi  ngton  and  Kermincnam.  It  comdsts 
of  fine  reddish  sand  of  variable  thickness,  but  generally  not  more 
than  8  or  10  feet.  Eastwards,  it  protmdes  long  tongues  up  the 
little  valleys  near  Alderley  Park  and  Siddington,  becoming  more 
gravelly  and  rising  in  level,  as  it  is  traced  up  stream.  West- 
wards, it  is  gnidually  replaced  by  a  clay  of  about  the  same 
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Uliokness,  which  coTOfs  the  greater  part  of  the  ground  between  Mr.  Pooook. 
Peover  aad  (Soostiey,  and  passes  into  the  area  mapped  by  Mr. 

Howe. 

Sections  of  the  clay  can  be  seen  near  Kermincham 
Lodge  and  Withingtoii  Green.  It  is  a  denho  brown  clay  with 
faint  traces  of  lamination,  and  containing  a  few  striated  boulders. 
Though  it  is  no  thicker  than  some  of  the  clays  in  the  hilly  drift, 
it  covers  a  far  wider  surfitoe,  and  is  comparatively  litde  denuded. 
In  some  places  it  passes  almost  imperceptibly  into  sand.  Else- 
where, as  in  the  Febver  Brook,  near  Withington  Park,  it  mav  be 
seen  with  sand  beds  above  and  below.  Wat pr  ^^ocnis  to  have  boon 
tbe  principal  agent  in  its  formation,  bnt  the  Northern  erratics, 
which  it  oonliiins,  show  tliat  there  was  an  ice-front  near  enou]L,di 
to  send  its  ice  floes  across  the  lake,  and  drop  its  stony  dehris 
over  tibe  muddy  bottom* 

The  drifts  of  the  whole  aiea  now  described  |»reBent  a  continuous 
stoiy  of  denudation  and  redistribution  of  sediment  at  sncccssivoly 
lower  levels,  the  later  stages  of  which  were  undoubtedly 
accompanied  by  glacial  action,  and  the  whole  of  tlicni  are  sub- 
sequent to  the  retreat  of  the  ice  from  the  Pennine  liills.  But 
whether  the  ico  disjippcarcd  and  a  temperate  climate  supervened 
in  the  interval,  the  evidence  collected  in  this  area  alone  does  not 
suffice  to  determine.  That  the  interval  was  a  long  one  may  be 
infirared  from  the  amount  of  denudation  which  tooa  place.  Before 
the  deposition  of  the  flat  drifts  in  the  west,  the  tiny  orooks  in  the 
hilly  urift  out  deeper  gorges,  and  removed  more  sediment  than 
the  laiger  streams  nave  since  accomplished  in  the  lower  ground. 

BECEMT  DEP08ITB  (CBESHUKB). 

Alon^  the  Dane  vallov  river-terraces  are  well  developed.  In  Mr,  Howe, 
the  plam  they  are  often  made  of  sand  and  loam,  and  less 
frecpiently  irravel ;  but  on  the  hii^ber  <(round  of  Bosley  they  are 
invariably  cuinposcd  of  gravel,  wliich  is  usually-  rather  coarse,  and 
merges  gradually  into  the  surroundinf^  dritt.  These  terraces 
oocur  at  varying  heights.  Sometimes  wey  constitute  the  present 
banks  of  the  river,  or  else  they  lie  some  distance  above  the 
present  river  course,  and  rest  on  ledges  on  the  steep  walls  of  the 
vallev.  At  Somerford  Park  a  co-n-so  river  gravel  lies  on  the  edge 
of  the  plateau,  tiftv  foot  alK)ve  t  ln!  present  alluvium.  Fast  ofMr.  wedd. 
Eaton  Hall  the  biglicst  teimce  on  the  west  side  of  tbe  river  can 
be  traced  for  a  great  distance ;  it  is  imusuaiiy  broad,  and  consists  of 
sand  and  sUt.  The  different  terraces  show  unmistakably  the 
formation  of  the  present  valley,  which  is  proved  to  be  newer 
than  the  laminated  clays. 

Alluvial  terraces  are  beautifully  developed  along  the  entire 
course  of  the  Dane.  They  are  so  little  liable  to  floo<ling,  that 
they  are  cultivated  in  places  where  the  banks  are  high.  Nearly 
all  the  streams  have  narrow  fringes  of  alluvium,  while  many  of  the 
shallow  depressions  in  the  drift  have  their  bottoms  tilled  with  like 
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Mr.  OibMo.      Mr.  Gibson  observes  tho  curious  &e!t  that  those  hollows  and  the 

tributary  streamlets  of  the  Dane  and  Whcelock  rivers,  converge 
towards  tho  salt-bearing  regions  of  Middlowich  and  Wlieelock ; 
showing  tlirtt,  unless  tho  phenomena  are  accidental,  tli*^  I  rinc 
pumping  lias  not  initiated,  nnt  only  assisted,  the  surface  si jikiug. 

Peat  lias  accuuudalod  in  the  hollows  formed  in  both  clay  and 
6and»  and  has  given  rise  to  extensive  mosses.  Some  of  these  still 
exist,  but  in  many,  notabhr  Warmingham  Moss,  the  peat  has 
boon  completely  eleared  ofL 

ECONOMIC  GEOLOGY. 

Mr.  Gibsdii.     In  the  Choshiie  district  tho  absence  of  good  road-metal  is  a 

serious  inconvenience.  Tho  main  roads  are  repaired  with 
material  l>vnn<_']i>  fron>  Pcnmaenmawr,  while  for  second-class 
roads  tlie  UruwsLones  ol  the  Lower  Carboniferous  sorios  to  the 
east  are  frequently  used. 

The  drift  clays  are  extensively  used  for  brickmaking,  round 
Crewe,  and  to  the  north  of  Congleton,  and  to  some  extent  round 
Sandbach  and  Holmes  Chapel.   The  sands  yield  building  sand. 

Taken  generally  the  clays  are  devoted  to  pasture,  the  sands  to 
tillage.  Crops  in  the  sutkI  area,  suffer  more  from  drought  than 
those  composed  of  clay.  In  the  latter,  the  mnncroua  pond?^, 
cliictly  ol"  artilieial  orlirin,  are  of  much  service,  for  though 
shallow,  few  dry  up,  and  many  show  only  a  small  diminution  in 
tho  volume  of  water.  In  a  few  instances,  where  a  thin 
capping  of  clay  overlies  sand,  the  crops  suffer  little,  as  the  clay 
prevents  evaporation. 

The  main  water  supply  of  tho  district  is  obtainc<l  from  the 
sands  It  is  however  insutheient,  while  the  water  is  Ivn-d,  juid  li;d)]o 
to  eoutamination.  Sandbach  and  llohues  Chapel  ()l)tain  llieir 
supplies  from  this  source.  l>ut  Crewe  town  is  supplied  from  the 
bormg  in  the  Trias  neixr  Whiliaore  Station. 

In  North  Staffordshire  the  gritstones  of  the  Third  and  Fourth 
Grits  have  been  largely  used  for  budding,  and  for  the  stone 
fencing  of  the  district  The  Fifth  Grit  of  Heat  on  has  also  been 
quarried ;  while  the  lower  sandstones  of  Lask  Edge  and  Brown 
EdLTC  arc  used  for  road  material.  The  black  shales  of  the  Lower 
Carbouitornus,  :u\d  the  lloulder-ulay  on  the  west  of  Lask  I'idge 
arc  uhchI  for  brickuiaking.  A  water  supply  for  locid  purposes  is 
obtained  from  the  drift-sand. 

2.  Southern  Distrigt.-^Devon  akd  Cornwall. 

Mr.  Clement  Reid,  F.R.S.,  District  Geologist. 
Mr.  W.  A.  E.  Usshor  ) 
Mr.  J.  B.  Hill  i  Geologists. 

Mr.  E.  E.  L.  JJixon  j 

ORDOVICIAN  AND  SILURIiK. 

Mr.  Reid.        Though  the  year's  work  has  not  led  to  the  discovey  of 
palseontological  evidence  proving  the  Silurian  age  of  any  of  the 
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killiis  in  West  Cornwall,  yet  as  the  mapping  advances  the  Mr.  Had. 
Buccession  of  the  rocks  becomes  more  clear,  and  the  probability 
of  the  Silurian  date  of  extensive  tracts  becomes  efreatvr.  It  will 
be  remembered  that  in  former  SuniTruiriiti  Mr.  J.  B.  Hill  divided 
the  older  rocks  into  four  series,  the  oldest  of  which  has  long  been 
known  to  3rie]d  Ordoviciiin  fossils.  Aboye  these  Yerjran  beds 
0011  i<  in  succession  the  Portscatho  slates,  the  Falmouth  slates, 
and  the  Mylor  seriea.  Amither  lithokgieal  divisioD,  which  continues 
the  upward  succession  northwards  umy  nowbe  added,  and  iiiay  bo 
termed  the  Haylc  sandstone.  It  consists  of  tliin-bedded,  coarse, 
more  or  less  fclspathic  sandstone,  alternating  with  fine-grained 
black  slate  or  slmle,  which  latter  resembles  in  character  the  shales 
of  the  Mylor  series  below.  These  four  diyisions,  lying  above  the 
Ordovician,  are  provisionally  referred  to  the  Silurian,  and  it  is 
hoped  that  the  work  of  the  coming  season  may  enable  us  to  show 
deHnitely  the  relation  of  the  highest  member  to  the  fossiliferous 
Devonian  of  North  Cornwall. 

As  the  geological  structure  of  West  Cornwall  is  very  obscure, 
it  will  1)0  necessiirv  to  refer  in  more  detjtil  to  liie  evidence  on 
which  this  order  o^  succession  is  founded ;  for,  at  first  sight,  the 
new  diyision  appears  to  puss  under,  not  oTer,  the  Mylor  series, 
and  that  view  was  taken  oy  De  la  Beche  in  1839.*  Before  dis- 
cussing this  matter,  however,  reference  may  be  made  to  the 
newly  map|^l  Silurian  areas  which  were  examined  during  the 
past  vf'rir.  The  most  conv^^niont  mode  of  doing  this  will  be  to 
coiiimence  with  the  oldest  ntcks,  which  oc<'ur  in  the  area  eiist  of 
FHlmouth,  and  work  westward  and  northward  to  the  newest 
division  which  has  yet  been  mapped  on  the  north  coast 

The  examination  of  the  CJorran  Haven  coast  sections  by  Mr.  J.  R  Mr.  HilL 
Hill  has  proved  the  further  north-easterly  extension  of  the  Yeiyan 
scrioB  as  far  as  that  locality.  It  is  interesting  to  note  that  the 
pillow  lavas  of  Mullion  Island  were  found  at  Gorran  TTuven  on  a 
siniilargeologicalhorizonassociutcd  w  ith  limestones  and  quartzite. 
Further,  although  these  pillow  lavas  had  not  been  previously 
observed  at  this  locality,  Mr.  Howard  Foxf  had  discovered 
radiolarian  beds  in  their  immediate  neighbournood,  still  further 
linking  them  with  the  Mullion  Island  rocks.  Although  the 
Gorran  Haven  rocks  have  suffered  much  mechanical  deforma- 
tion and  are  in  part  converted  into  crush  conglomerates,  their 
characteristic  appeannicr'  in  tlio  tiuld  is  still  preserved,  and  their 
identity  is  still  furtlier  contirnied  by  microscopic  sections. 
Besides  their  occurrence  in  these  two  localities,  peobles  of  this 
rock  are  common  in  the  miscroscopic  slides  of  the  conglomerate 
at  Xare  Pointy  intermediate  between  Mullion  and  Gorran.  They 
occur,  therefore,  along  a  line  nearly  30  miles  in  extent,  and  their 
occurrence  amongst  the  fossiliferous  rocks  of  Gorran  suggests 
that  their  age  may  be  Aronig,  corresponding  to  the  age  of 
precisely  similar  rocks  occurring  at  Baliantiae  on  the  coast  of 

♦  Eeport  <m  the  Otology  of  Contufall,  (tc,  p.  100. 

t  A  paper  on  "The  Rftdiolarian  Cherts  of  CornwalL''   Trant*  Jloyal 
Owi»  Sec  Comwally  vol.  zii^  IQOQ. 
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MK  Hill.  Ayr,  which  Mr.  Hill  had  tho  opiKjrtumty  of  ommining  in 
September.  Their  reseinblanoc  in  these  two  areas,  separotra  by 
a  distance  ot  350  miles,  is  ho  remarkable  that  it  is  scarcely 
possible  to  distinguish  thom,  wbetlier  we  consider  their  ininera- 
I(>«»^ical  dmracter,  their  nnifpK'  appearance  in  the  tiohl,  <>r  tlie 
ro(rks  with  whi(*h  tliov  ar<  inniKMliatoly  aKsociattvl.  The  r(»cksof 
MuHion  Islaiul  haw  mainly  es<'4i|>e(l  iiK'tamorplii.siii  on  afcount 
of  the  protection  iitVorded  by  the  iiuis.sivo  rocks  of  the  Lizard 
region,  which  have  presenred  them  from  the  effocts  of  the  earth 
stresses  from  the  south-east. 

Tho  Nare  Point  conglomerate  which  separates  the  Verj'an  and 
Portscatlio  scries  has  been  referred  to  by  Mr.  Hill,  in  a  former 
report  *  as  the  possible  line  of  (IcTiiarcation  between  the  tapper 
ami  Lower  Silurian.  It  contains  t'ragnients  of  pillow  lava  as 
well  as  of  the  ^uartzite ;  and  as  the  bouMers  of  the  latter 
were  in  the  condition  of  quartzite  at  the  time  of  their  deposition, 
the  break  indicated  by  this  consloinerate  probably  represents  a 
protracted  interval  The  conglomerate  also  contains  foliated 
Igneous  rocks»  some  of  which  have  certainly  been  derived  from 
the  Lizard  area,  so  that  we  have  in  Cornwall  a«  least  two 
periods  of  metamorphisni  one  of  which  is  prior  to  tho  formation 
of  the  eonglomerato,  and  iis  included  pebbles  ot"  pillow  lava, and 
one  later.  Of  the  age  ul  I  he  former  we  have  no  evidence,  except 
that  it  must  be  pre-Arenig,  while  the  latter  is  posterior  to  the 
Culm  lueasurcs. 

The  mapping  has  hecn  restricted  mainly  to  the  Port- 
sciitho,  Fannouth,  and  Mylor  series,  proving  the  further 
exten.sion  of  these  divisions,  which  arc  provisionally  regarded 
as  Silurian.  The  lilholoj^ical  characters  of  these  tlivisions  have 
been  describetl  in  former  rej>orts.  Wliile  fohling  is  everywhere 
apparent,  the  bedding  can  usually  be  detected,  as  well  as  tho 
cleavage.  The  hade  of  the  cleavage  is  S.S.E.,  and  it  crosses  the 
strike  of  the  bedding  somewhat  obliquely.  Ju<lging  from  the 
data  furnished  by  the  country  between  Truro  and  Gerrans  Bay, 
there  are  grounds  for  believmg  that  the  stresses  which  liavo 
folded  and  eleave<l  the  slates  proceedctl  from  S.S.E.  to  N.N.W. 

Air.  iiti.i.  Xhe  Mylor  slates  hav(^  now  heen  tmced  westwanl  and  north- 
ward Lo  Land's  End  and  St.  Ives  l>ay.  Over  the  greater  part  of 
this  area  they  retain  a  very  uniform  character,  except  ior  the 
variations  caused  by  contact  metamorphism.  They  consist 
mainly  of  soft  shales  or  slates,  black  or  dark-coloured  when 
broken  across,  but  more  or  less  silvery  on  the  surface  of  tho 
laniinn!\  In  places  they  alternate  witli  very  tinc-grained  .sandy 
silts,  but  thus  far  they  hav»'  shown  no  indication  of  contem- 
poraneous voluinic  iwitivity,  though  intruded  sills  of  greenstouo 
are  not  uncommon. 

Throughout  this  area  the  strike  ci  the  axis  of  the  shaip  folds 
runs  about  N.E.  and  S.W. ;  but  as  the  limbs  of  the  folds  are 
nearly  parallel,  and  are  vertical  or  have  often  a  high  southerly 


•  See  Sumiunr,/  ,.f  r,'o,jr,  ix  for  1890^  p.  95»  and  TVaiu.  Royal  Otol.  Soe* 
Cornwall f  vol.  xii.,  J^art  U,  lUOl. 
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dip,  it  is  not  cusy  to  make  sure  of  the  true  succession.  In  ordc*  Mr.  iJeid. 
to  asoertaia  which  was  top  and  which  hottom  in  the  Mylor  slates, 
the  junctions  with  the  sheets  of  greenstone  were  examined;  hut 
it  was  found  that  in  eyerv  case  in  which  the  r<  hirions  could  be 
made  out  the  greenstones  As-erc  true  sills,  with  contuct  niela- 
morphif^m  above  and  helow.  As  fossils  urf  ahsfnt,  the  only  other 
Wiiv  ot" deciding  the  quostion  lav  in  workini,'  (uii  the  geology  in 
such  a  way  as  to  (iistiiii:iiisli  the  general  structure  from  the 
sharp  plication  above  ulhuletl  to. 

The  sills  of  greenstone  round  the  Land's  End  gniuite  give  a 
valuable  clue.  They  are  ao  thick  and  massive  that  they  have 
resisted  the  plication,  though  they  are  often  much  sheared  and 
full  of  small  thrust-planes.  Everywhere  these  sills  dip  away 
from  the  gmnitc  at  an  anemic  which  appurontly  dooK  not  differ 
greatly  from  the  slope  of  the  granite  surt'aeii  Ix-low.  Further,  in 
the  neighbourhood  of  Penzance  and  Newiyn  one  thick  .sill  (at 
least  80  feet  throujgh)  caps  a  seric«  of  hills  in  such  a  way  as  to 
show  that  it,  and  the  associated  slates,  though  disturbed  are  not 
overturned.  Next,  various  slight  indic^itions  suggest  that  the 
thick  sills  on  the  north  ooiist  and  the  sill  whidi  caps  the  hill 
near  St.  Erth  may  bo  on  nearly  the  same  horizon,  even  if  they 
are  not  parts  of  the  same  sheet  isfOated  ly  denudation.  If  this 
cvidenee  goes  for  aiiNlhing,  ami  tlie  sills  keep  approximately  to 
the  same  horizon  in  the  Mylor  slates,  we  arc  apparently  dealing 
with  a  mass  of  slate  of  only  moderate  thickness,  folded  and  con- 
stantly repeated  in  small  anticlines  and  syndinos,  and  having 
probably  a  slight  general  dip  towards  the  north.  This  view 
seems  to  he  borne  out  hy  the  similarity  of  the  killas  at  Penzance 
and  St.  Ives,  nnd  its  .striking  uniformity  over  the  wide  area 
between  Ludgvan  and  Gwincjir. 

On  tmcing  the  killas  eastward  from  Carhis  Bay  along  the 
coast,  however,  it>i  character  alters  somewhat,  and  after  passing  a 
thin  greenstone  sill  of  differont  appearance,  we  come  to  lighter* 
coloured  killas,  someUmos  banded  with  ^oen,  and  containing  a 
larger  proj>ortion  of  fine  silty  s<ind.  A  pit  near  the  western  edge 
of  the  West  Cornwall  Golf-links  shows  sheared,  coarse-j^rained, 
soft,  highly-felspathic  saud.stone,  with  few  or  no  grains  ot  quartz 
SiUid  These  sott,  felspathic  beds  have  been  taken  as  the  top  of 
the  iiylor  slates,  though  they  might  equally  well  have  been 
considered  as  the  base  of  the  hard  Haylo  sandstones  which  come  on 
immediately  above.  Unfortunately  the  cliff  face,  where  the 
junction  should  be  seen,  is  now  smothercHl  with  dune  sand,  and 
nearer  the  Uayle  River  the  clitf  is  entirely  compo.scd  of  alterna- 
tions of  sandstone  and  shale.  The  l»oTni(larj'  strikes  southward 
to  Lolant.  then  crosses  tlie  river  near  Hayle-- unfortunately  not 
showing  clearlv  in  the  low  river-bank.  Next  it  passes  through 
the  overgrown  raiivvay-cutting  south  of  Hayle,  one  , end  of  this 
cutting  being  in  darlc  slate,  the  other  in  light-coloured  shaloy 
sandstone.  Then,  following  the  normal  strike,  the  boundary 
passes  under  the  valley  deposits  north-eastward  to  Phillack,  a 
good  section  of  the  felspathic  top  of  the  Mylor  slates  being 
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Sfr.  Rod.     visible  in  a  new  road-cutting  at  Bodriggy,  between  Hayle  and 

Copperhonsc.  Exct  llent  sections  of  the  sandstone  are  seen  in 
Black  Cliti",  and  also  in  the  ohl  quarries  and  river- blufts  around 
Hayle  Harbour,  East  of  Phillack  the  boundary  turns  sharply 
northward,  through  the  Towans  to  the  coast,  being  readily  trace- 
able across  Uie  aunes  by  the  mine-tips.  Einst  of  Godrevy  the 
Hayle  sandstone  reapneais  with  the  normal  east-northjeast 
strike,  though  much  rolded.  No  trace  of  igneous  rocks,  either 
contemporaneous  or  intnisive,  has  yet  been  found  in  the  sand- 
stone; and  thon<(h  careful  search  was  made,  no  fossils  could  be 
discovered.  K\  <'ii  the  worm-tracks  imd  l^oriii^^s,  and  the  so-called 
i'ucoids,  so  often  occurring  in  Falajozoic  sandstones,  appear  to  be 
absent. 

The  junction  of  the  Mylor  slate  and  the  Hayle  sandstone  ib 
descrilied  in  some  detail,  for  the  curvature  of  ttie  strike  yields 
the  best  evidence  for  the  true  order  of  succession.  The  normal 
strike  of  west  Cornwall  is  nurth-east  and  south-west,  but  the 
uplift  caused  hy  the  intrusion  of  the  ^anite  of  the  Land's  End 
has  everywhere  (aiis(  fl  the  kilias  and  its  inti  rlnKlded  sills  to  dip 
away  from  the  granite  mass.  This  uplilt,  at  right  angles 
to  the  strike,  must  necessarily  divert  the  strike  at  Lelant, 
where  the  influence  of  the  granite  berans  to  be  felt, 
towards  the  north,  if  the  Mylor  slate  underlies  the  Hayle 
sandstone;  but  it  vould  be  diverted  towards  the  south  if 
the  Hayle  sandstone  were  the  older  of  the  two.  As  a  matter  of 
fact  the  diversion  of  strike  is  to  the  north.  North-east  of  Hayle 
there  is  another  northward  diversion  of  the  strike,  apptirently 
iniaccounted  for  by  any  graiiile  intrusion.  But  here,  also,  the 
diy^on  seems  to  be  caused  W  a  granite  intrusion;  for  Mr. 
Dixon  has  discovered  between  Gwinoar  and  Gwithian  a  meta- 
morphic  area,  which  seems  to  point  to  a  buried  boss  of  granite 
not  far  below.  No  doubt  the  true  iunction  of  the  Hayle  and 
My) or  series  should  he  drawn  as  a  sharp  zig-zag  line:  out  not 
Ijeing  aide  to  trace  these  minute  (ietails  iniandi  we  can  only 
follow  the  general  strike,  the  variations  of  which  bring  out  thus 
clearly  the  true  succession. 

The  greenstone  siUs  which  form  so  marked  a  feature  in  the 
Mylor  slates  of  west  Cornwall,  have  now  becoi  mapped  throilgh- 
out  the  countiy  west  of  Camborne.  The  rocks,  however,  vaiy  so 
much  in  nrip^nal  Hthological  character,  and  the  superimposed 
shearing  and  cunUict  inetaTnorphism  have  causefi  so  ^^reat 
changes,  that  it  seems  advisable  to  defer  any  fuller  descrijif  ion  of 
these  rocks  for  u  iuture  Sammarij,  when  the  petrological  work 
will  be  further  advanced. 

GEANIT£. 

Tliough  the  granites  of  west  Cornwall,  like  those  of  Devon, 
are  probably  of  late  Carboniferous  tlate,  yet  as  those  examined 
last  season  are  everywhere  in  contact  with  the  Mylor  slates,  it 
will  be  convenient  at  this  point  to  deal  with  them  and  with  the 
metamorphism  they  cause.   Here,  also,  the  petrological  evidence 
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inll  be  left  for  a  future  report,  the  field  evidence  only  bein^  Mn  Bcid. 
mentioned  in  any  detail. 

The  general  charaetw  <^  the  Land's  End  granite  and  the 

charftrter  of  its  intnwive  junction  with  the  killa^  nro  so  well 
known  that  it  Ls  Tiee<llcss  to  repeat  the  description.*    A  few 

Eoints  of  interest  uuiice<l  in  the  C(nirse  of  the  new  survey  are, 
owover,  worthy  of  remark.  In  the  rtrst  place  it  has  Ijeen  found 
that  die  Land's fiid  mass  Is  not  all  of  one  or  type,  but  includes 
an  area  of  about  seven  square  miles  of  a  fine-grained  granite 
of  later  date,  which  extends  from  Gulval  Downs  nearly  to  Zennor 
on  the  north,  and  from  Amalebrea  to  Camaquidden  on  the  west. 
This  granite  is  so  fine-grained  that  it  is  commonly  known  as 
"  whetstone"  or  " sandstone."  Its  composition  is  very  similar  to 
that  of  the  coarse  granite  into  which  it  is  intruded.  It  is  a  buff 
or  grey  biotite  granite  with  small  (half-inch)  scattered  crystals  of 
(Mtnodase  and  rarer  crystals  of  pinite  of  about  the  same  sise. 
Its  boundary  is  evetjrwhere  sharply  defined,  but  there  is  no 
seetion  showing  the  actual  junction  of  the  two  rocks,  though  at 
its  northern  limit  fit  Boai^leton  Downs  !f»oso  blocks  on  the  moor 
show  ninnen)us  veins  of  this  fine  granite  penetrating  coarse 
granite  of  the  eonnnon  Land's  End  typo.  Tho  newer  granite 
lorms  undulating  land,  surroundeil  by  tors  or  earns  of  the  coarser 
type,  but  itself  neither  forms  cams  nor  weathers  into  large 
rounded  masses  like  those  which  nearl  v  everywhere  encomlMr 
the  ground  outside  its  limtta  It  tends  to  weather  into  small 
angular  blocks,  which  are  easily  removed  and  are  more  convenient 
for  building.  The  farmers  ronsider  the  land  to  be  of  })ctter 
character,  hut  it  could  not  be  ascertained  clearly  whether  this  was 
due  to  any  ditt'erence  in  the  composition  of  the  soil  or  njerely  to  the 
greater  convenience  for  workmg  where  large  boulders  were 
absenl. 

Much  of  Penzance  is  built  of  this  fine-grained  rock,  with  dress- 
ing of  the  ordinary  coarse  granite.  Thus  far  only  the  buff  rock 
near  the  surface  hiis  been  iised  to  any  extent,  l)nt  below  fifteen  feet 
the  Castle  on  Dinas  fjuarrv  shows  an  excellent  grey  stone,  which 
ought  to  \yo  of  considerable  value. f  The  (Tiilvaf  Downs  rock, 
however,  does  not  split  in  tho  same  way  as  the  older  granite,  and 
appears  never  to  he  used  for  lintels  or  gateposts,  even  close  to  the 
quarries.  It  is  used  locally  for  road  metal,  and  is  better  than 
tne  coarse  granite,  hut  not  ecjual  to  the  greenstone. 

The  Land's  End  granite  (as  distinguished  from  tho  newer 
Gulval  Downs  granite)  is  remarkable  for  shf>winix  n  distinct  but 
irre<?ular  bedding  stnieturc,  which  seems  to  be  approximateiv 
parallel  to  the  granite  surface  where  the  granite  piisses  beneath 
the  killas.  This  bedding  is  very  conspicuous  on  the  weathered 
cams  or  in  the  diflb.  It  is  apparently  due  to  the  orientation  of 
the  large  felspar  crystals,  which,  during  the  movements  of  the 
molten  rock,  have  tended  to  arrange  themselves  parallel  to  the 
surface  past  which  they  flowed.   The  structure  cannot  well  be 

*  See  Jliumnifiry  of  Prot/ir^A  for  IBOU,  p.  B7. 
t   See  also  De  la  Beche,  Keintrt^  pp.  161,  494. 


Digitized  by  Google 


22 


EXULAXD  AND  WALES. 


Mr.  Keidr     illustrated  by  hand  specimens,  thoi^h  very  noticeable  in  the 
field,  for  it  is  only  an  orientation  of  most  of  the  crystals  in  one 

direction,  not  of  all  of  theni. 

A  short  disUmce  from  the  margin,  usually  loss  than  lialf  a  luile 
away,  this  bedding,  instead  of  dipping  at  high  angles,  becomes 
almost  horizontal,  suggesting  that  tlio  grauito  overhead  had 
formerly  possessed  a  nearly  level  roof  of  kilW  On  applying  this 
test  to  parts  of  the  cliff  where  no  killas  now  fringes  tnc  granitep 
so  many  |)laoes  w(;re  discovered  where  the  high  outwartl  dip  was 
strongly  Tiiarked  as  tf>  loavo  ]itrl(^  doubt  that  t hp  present  coast 
line  cni  rcspondii  very  nearly  with  the  original  limit  of  tho  Lands 
End  L^Tauito. 

11  tho  granite  oritjiiiiilly  formed  so  flat  a  dome,  the  question 
naturally  arises,  What  is  its  contour  where  hidden  hy  killas? 
This  question  cannot  yet  be  satis&ctorily  answered ;  but  enough 

has  been  loamt  to  show  that  it  often  plunges  beneath  the  strati^ 
fietl  rocks  at  an  angle  of  about  45  ,  though  in  other  eases  the 
angle  is  only  T>  or  20  Corres|)onding  with  the  steeper  hade, 
we  find  a  niiianiurphic  aureole  fully  threo-quart urs  of  a  mile 
wide;  but  where  the  killais  and  greenstone  tnmsgrcss  over  tho 
granite,  as  at  Trcniethick,  near  Penzance,  tho  aureole  widens 
enormously.  The  boundary  of  the  motamorphic  area  here  instead 
of  sweeping  round  the  bay  in  the  granito,  cut.s  across,  suggesting 
that  the  whole  area  around  Penzance  is  underlaid  by  granite  at 
no  great  d(>pth. 

A  metiuuorphic  auroftlo,  throe-quarters  of  a  mile  wide,  witli  a 
dip  of  the  granite  at  45  ,  would  give  a  thickness  of  the  aun'ole, 
measured  at  right  angles  to  the  cooling  surface,  of  nciirly  2,H00 
feet,  and  a  depth  to  the  granite  at  tho  outer  limit  of  mcta- 
morphism  of  4,000  feet  We  do  not  yet  know,  however,  to  what 
deptn  this  dip  of  45"  is  continued,  though  in  the  Levant  Mine  a. 
dip  of  nearly  that  amount  has  been  followed  to  1,500  feet  below 
the  sea-l(";voI,  with  no  si'jfn  nf  anv  flattrnincf.  There,  unfortun- 
att  l y,  the  width  of  t  he  aureolo  cannot  bo  measured,  as  its  outer 
nmrgin  is  beneath  the  sea. 
Mr.  Hill.  The  aureolo  of  metamorphism  encircling  the  Cam  Menclcz 
granite  has  been  studied  by  Mr.  Hill  so  far  as  the  unsatisfactory 
nature  of  the  ground  would  permit.  The  alteration  of  the  inner- 
most zone,  extending  to  260  yards  from  tho  granito,  is  so  marked 
that  little  ditKculty  was  experienced  in  spite  of  the  lack  of  good 
sections.  15evond  that  zone,  however,  tho  evidence  of  it*?  exten- 
sion is  partial  in  character.  The  mineral  alteration  of  the  inner 
zone  is  more  or  less  couiplcte,  Andalusite,  Muscovite  and  Biotito 
being  extensively  developed.  In  the  outer  fringe  the  secondary 
micas  are  often  difficult  to  distinguish  from  original  constituents, 
wbilo  Andalusite  is  altog<?tlier  «l>sent,the  homfels,  where  it  esdsts. 
being  likewise  confined  to  the  inner  zone,  so  that  beyond  that 
linn't  the  occiUTenff  of  spotted  slate  is  the  soleevidt^noe  of  t  ontact 
mefamor])h)sn),  and  this  is  so  partial  in  its  distribution  that  the 
demarcation  of  the  outer  limit  of  alteration  with  any  attempt  at 
accuracy  is  impo.ssible.  With  these  "spots,"  tmy  elongated 
needles,  which  may  possibly  bo  referred  to  Chiastolite,  have  been 
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observed  a  thoasjind  yards  distant  from  the  trranito.  Speakiii!?  Mr.  Hill, 
generallyjthc  aureole  of  metauiorphism  is  about  iiaii  a  geographical 
mOe  in  width  (1,000  yards),  but  at  Penrvn  Croek  the  spotted 
slates  form  a  loop,  the  outer  margin  of  which  is  two  miles  from  tiie 
nearest  visible  granite,  notwithstanding  that  the  loo|>  i>  t  ree  from 
elvan  dykes.  Moreover,  the  great  elvan  region  which  abuts 
against  the  granite-  at  Gwcnnap  contains  large  areas  of  spotted 
slate,  which,  allhoui^^i  the  spot  img  is  generally  of  a  more  miimto 


also  been  ooeasionally  observed  in  the  vicinity  of  isolated  elvan 
dykes.  For  the  reasons  above  stated,  it  will  be  apparent  that  an 
engraved  line  on  the  map,  to  Tuark  the  limit  of  contact  alteration 
in  this  area,  would  present  such  an  inacnnrate  interpretation  of 
an  important  pctro[of^ical  problem  that  its  omission  would  be 
less  misleading  t  lian  its  insertion. 

This  question  of  the  underground  contour  of  the  granite  Mr.  lleiti 
siu-face  is  an  important  one  for  tho  miner,  for  the  occurrence  of 
certain  ores,  especially  tin,  is  known  to  bo  intimately  connected 
with  the  proximity  of  the  granite.  It  is  interesting  therefore  te 
find,  as  already  mentioned,  t  hat  an  isolated  inetainorphic  area  lias 
been  discovercfl  north  of  (Iwinear  by  Mr.  Dixon,  and  another 
around  Leetlstowu.  These  sct  in  to  connec  t  the  granite  district 
of  Land's  End  with  that  of  CanilMjnic ;  but  as  sva  have  not  yet 
suthoient  tlata  tor  calculating  the  thickness  of  the  ineUiniorpuic 
aureole,  measured  at  right-an<'lc8  to  the  cooling  granite  surface, 
we  are  unable  yet  to  calculato  the  depth  of  the  granite  in 
metamorphic  areas  in  which  no  granite  is  seen.  Besides  this,  the 
width  of  the  aureole  is  not  the  same  round  the  different  granite 
masses;  and  this  variation  seems  to  be  due  not  merely  to 
variations  in  the  bade  of  the  granite  .'surfaee,  l)tiL  to  the  different 
intensity  of  the  niet^nnorphLsiu.  The  killas  close  to  tho  Land's 
End  granite,  for  instance,  is  intensely  altered  into  knotted 
homfiSs,  and  the  least  width  of  the  aureole,  measured  at  the 
sur&ce,  is  over  half  a  mile.  The  smaller  mass  of  the  Godolphin 
granite  causes  less  alteration,  and  gives  a  least  width  of  aureole 
of  about  a  quarter  this  amount.  In  striking  accordance  with 
this  dirt'erencc,  is  tho  strongly  developed  cliillod  edge  of  tho 
Godolphin  granite,  contrasted  with  the  very  slight  chilling 
noticeable  round  the  Land's  End  mass.  It  is  hopwl  that  further 
light  may  be  thrown  on  this  questi<m  when  the  numerous  mine- 
j)huis  have  been  examined  and  the  relation  of  the  ores  to  the 
granite  surffice  has  been  more  thoroughly  worked  out. 

The  Cam  Menelez  granite,  which  extends  from  Penryn  to  Mr.  Hill. 
C'amborne,  was  pnrtlv  described  by  Mr.  Hill  last  year.*  Further 
examination  of  the  juuiting,  orientation  of  the  crystals  and  grain 
in  this  granite,  shows  that  over  the  district  generally  the  orienta- 
tion is  so  feeble  that  it  would  often  escape  observation  if  not 
specially  sought  for.  Moreover,  although  there  is  a  general  uni- 
formity in  the  diieotton  of  orientation  it  is  by  no  means  constant, 


*  SumnMiy  rt/  Pngrm  for  1900,  p.  107, 
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Mr.  Hill.  and  if  examination  were  confined  to  a  limited  number  of  sections 
the  results  obtained  might  be  misleading.  At  Kcnnal  Vale, 
howover,  these  phenomena  aro  carried  a  stop  fiiriher,  and  the 
paralleliflni  is  so  marked  that  it  could  not  fidlto  bo  detected  by 
the  most  cursory  examination.  It  approaches  a  definite  struc- 
ture, so  murh  so  that  the  orientation  is  no  lonp^cr  the  feeble 
approarh  to  ciystallino  arrangement  contineil  to  the  attempt  at 
paraiielism  a  sutticit'nt  number  of  the  eloneated  minerals  to 
ensure  a  grain;  but  there  are  definite  visible  planes  set  up  in  tho 
rock  whidi  dip  steeply  towards  tho  margin  of  the  granite,  while 
the  rock  in  places  is  so  foliated  that  its  schistose  character  can  be 
detected  in  a  hand  specimen.  The  foliation  of  the  granite  at 
Kennal  Vale  agrees  in  its  trend  and  general  hade  with  the 
corresponding  planes  in  the  slates  which  flank  its  margin. 

Following  the  granite  boundary  1  h  nnlos  further  in  a  S.8.E. 
direction,  we  find  at  Treluswell,  near  I'enryu,  two  foliated  granitic 
sills  flanking  the  granite  about  30  yards  distant  from  its 
maigia  Their  foliation  planes  correspond  with  the  cleaTage 
planes  of  the  slate  between  which  they  are  intercalated.  Micro- 
scopic examination  (3364)  shows  them  to  be  granite  and  to  l>e  alH«»fl 
to  tliat  rock  rather  than  to  the  elvan  dykes,  with  which  their  imnlo, 
of  occurrence  would  otlierwise  suggest  their  correlation.  Their 
N.N.W.  direction,  moreover,  parallel  to  the  granite  houndary  is 
nearly  at  r^ht  angles  to  the  trend  of  the  elvan  dykes  of  tho 
district  Tne  evi£nce  suggests  their  modification  Ly  pressure 
before  final  consolidation.  There  is  unfortunately  no  available 
section  of  the  granite  mass  adjoining,  so  that  the  nature  of  its 
margin  at  this  locality  cannot  be  investi^ted.  The  foliation 
of  the  gnmitc  sills  agrees  with  the  foliation  of  the  granite  at 
Kennal  Vale,  and  botli  eoiTCspond  in  direrticn  to  similar  planes 
in  the  adjoining  slates.  It  has  been  pointed  out  that  the 
deformation  of  the  slates  is  the  result  of  lateral  movements 
actinff  from  S.S.E.  to  N.N.W.  It  wUl  be  immediately  seen  that 
this  direction  agrees  with  one  of  the  orientation  planes  which  is 
common  to  the  whole  of  the  granite — further  it  corresponds  with 
the  foliation  of  tlic  granite  at  Kennal  Vale  and  of  the  granitic 
sills  at  Tr(  luswrll  We  have  stroTitr  reasons  therefore  for  the 
assumption  that  llie  granite  irruptions  and  the  earth  movements 
are  not  only  closely  related  but  that  tho  movements  had  not 
ceased  to  operate  lieforo  the  final  solidification  of  the  granite. 

Mr.  Roid.  In  the  land's  End  and  Oodolphin  granite  masses  no  eyidence 
has  been  foimd  of  die  foliation  or  schistosity  such  as  is  described 
by  Mr.  Hill  as  occurring  in  the  Cam  Menelez  granite.  There 
is  fluxion  structure  toward'^  the  margin;  but  the  fluxion  is 
parallel  to  the  curved  eoohng  surface,  not  parallel  to  the 
cleavage  or  other  structural  planes  in  the  killas.  The  only  sign 
of  eontemporaneous  or  subsequent  movement  that  comd  bo 
found,  beaito  small  fitults,  is  a  jointing  approximately  parallel 
with  the  strike  of  the  contortions  in  the  kilUui.  Fractures  along 
planes  of  weakness  in  sedimentary  rocks»  must,  however^  tend  to 
extend  across  intruded  erystalline  masses,  and  the  subsequent 
intrusion  of  the  elvnns  along  these  jmrticular  planes  seems  to 
show  that  they  did  so  m  W est  Cornwall. 
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The  mapping  of  the  elvau  dykes  in  West  Cornwall  is  giving  n  Mr.  Reiil 
gruat  deal  of  trouUe,  for  tbey  are  so  abundant  in  most  of  the 
mining  dbtricts  that  it  is  important  to  ascertain  what  relation  '  ""^^ 
(hey  bear  to  the  metalliferous  lodes.  These  dykes  with  few 
exceptions  rise  along  the  lino  of  strike  of  the  folds  in  the  killas, 
which  j>lso  1ifip|H^ns  nearly  to  correspond  with  the  strike  j)f  the 
cleavage.  Tin  v  .seem  to  bo  intnidi'd  alonp:  planes  uf  weakness, 
and  are  nru!»alily  connected  with  granitic  masses  Ix  low;  they  do  not 
radiate  troiu  the  graiute  bosses  seen  at  the  surface,  iu  litho> 
]<M^i<»l  character  they  vary  considerably,  though  a  common  tvpe 
otel^an  somewhat  resembles  the  fine-grained  ffianite  of  Gulval 
Downs.  It  camiot  yet  be  proved,  however,  that  any  of  thoae 
dykes  are  contemporaneous  with  this  'crranite.  Some  of  them 
penetrate  the  older  granite,  but  none  vjun  be  found  near  the 
newer  mass,  which,  howi  ver,  appears  in  nn  area  in  wliii  h  nu 
elvans  occur.  North-west  uf  a  hue  drawn  from  Whitesiind  Hay 
through  Hayle  north-eastward,  elvans  seem  to  be  absent 

Though  several  of  the  elvans  are  schorlaceoiis  and  metalliferous, 
this  impregnation  seems  to  be  a  metamorphic  change  belonging 
to  a  late  stage.  Two  series  of  intcrsectiiw^  elvans,  near  Kom- 
wamo  and  <l\vinoar,  have  been  cxaminetlby  Mr.  Dixon.  He 
finds  that  an  older  series  of  non-metidliferous  quartz-felsites. 
havin;^  a  fairly  consLiint  north-east  and  south-west  strike  and 
northerly  hade,  is  cut  by  a  newer  series  of  almost  non-porphyritic 
felsltic  dykes  of  somewhat  different  character,  having  a  more 
westerly  strike,  and  in  some  cases,  at  least,  having  a  hade  to  the 
south.  These  newer  dykes  are  schorlaceous  and  metidliferous, 
or  are  closely  associated  with  metalliferous  lodes  in  the  killas; 
the  older  dykes,  on  the  other  hand,  appear  only  to  contain  ore 
where  they  come  within  the  influence  oi  the  newer  group. 

The  elvan  dykes  are  very  unevenly  distributed  over  the  aroa  m  •.  HUJ. 
north  of  Falmouth,  examined  by  lar.  Htll.  They  attain  their 
greatest  development  in  a  belt  of  country  extending  from  the 
granite  margin  at  Gwennap  through  Perranarworthal  t(^>  Kea, 
diminishing  in  extent  towanis  Trum  ^f'yond  which  place  in 
the  «^round  mapped  as  far  to  the  north-east  as  Probus  they  have 
not  Ueefi  noticed.  Similarly  in  the  region  lyini^  to  the  soiii h- 
cast  of  (iwennap,  except  for  a  small  group  in  the  iu'ii;}ilK)urli<>od 
of  Penryn,  ihoir  occurroiico  is  insignilicant.  It  may  bo  noted  that 
the  belt  of  elvans  between  Gwennap  and  Kea  marks  the  begin- 
ning of  the  great  mctallifc^rous  region  extending  from  Gweimap 
to  Camborne.  In  this  elvan  belt,  the  quantity  of  vein  quartz  is 
so  enormous  that  the  soil  is  materially  impoverished,  and  over  a 
great  portion  the  slates  contain  knot^,  although  far  removed  frmii 
the  nearest  visible  p^anite— the  knotting,  however,  is  of  a  nif)ro 
minute  type  than  that  di.s[)layed  in  the  aureole  of  metamorph ism 
which  danKs  the  granite.  The  Gwennap  group  of  elvans  has  not 
vet  been  traced  as  &r  as  the  granite  margin,  out  in  the  district 
Iving  to  the  south-cast  one  elvan  only  ms  been  traced  within 
fine  granite.  It  has  been  followed  for  over  a  mile  from  Towntanna 
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Mr.  Hill.  to  Trevalea.  In  sizo,  the  elva&s  range  from  a  few  feet  to  xnanj 
yards  in  thickness.  A  dyke,  however,  of  abnorniAl  dimennons 
lias  been  traced  following  an  east  and  west  course  through 

Gwcnnap,  and  attainin^^  a  width  of  150  to  200  yards.  Tliis  dyke 
has  been  fo]l»»\ved  for  two  miles,  and  its  westerly  extension 
towards  the  giiinite  margin  has  not  yet  been  reaclied.  The 
general  direction  of  the  elvans  is  north-ea,sterly  to  east-north- 
easterly. Their  hade  is  usually  very  steep,  and  so  far  as 
observations  have  gone  they  appear  to  indine  more  frequently  to 
the  north-west  than  to  the  south-oastw  They  exhibit,  however, 
much  variation  in  this  respect,  and  sometimes  lie  nearly  Hat. 
They  vary  considerably  in  texture,  from  extremely  tine  ty|X!s  to 
examples  so  coarse  that  their  porphyritic;  felspars  may  attain  a 
size  01  f  inch.  The  felspars  consi-stof  l>ulli  orthoclase  and  plaj^no- 
clase.  Quartis  occurs  in  blebs,  and  often  with  a  bipyramidal  habit, 
crystals  sometimes  exceeding  \  inch  in  size.  White  mica  IS  more 
abundant  than  biotite,  occurrmg  not  only  as  an  original  constituent 
but  as  a  decomposition  product  of  the  felspars.  A  characteristic 
feature  of  the  elvans  is  the  tendency  for  the  white  mica  to 
assume  a  radiating  or  plumf>sc  habit,  and  in  the  uiatri^  of  the 
rock  to  combine  with  the  felspar  in  fonaiug  a  pegniatitic 
structure.  This  granophyric  habit  in  connection  with  the  white 
mica  is  general  amon<'st  the  elvans.  It  is  not  confined  to  the 
micro-pegmatitic  type,  out  pseudo-spherulitic  structures  are  also 
notioeo.  Felspar  and  quartz  occur  as  crystals  of  an  earlier 
generation  than  the  matrix.  Not  only  are  the  crystals  penetmtcd 
by  the  ground  mass,  but  there  is  a  tendency  for  silica  to 
aggrci^ate  round  the  quart/  fj^rains.  The  felspar  .shows  a  marked 
tendency  to  decompose,  much  white  mica  bein^'  develo|>f'd  as  an 
ullcration  product,  lu  some  instances  the  plagio<;lase  uiay  be 
noticed  altered  to  white  micaceous  substance,  while  the  potash 
felspars  are  little  decomposed.  The  decomposition  of  the  felspars 
proceeds  often  from  the  central  core,  and  selvage  edges  of 
shrinkci^  have  been  observed  bounding  the  felspar  crystab. 

CHINA  STONE. 

Mr.  Reid.  The  china  stone  is  granite  altered,  and  with  its  felspar 
kaolinised  /71  situ,  apparently  by  tbo  solfat^iric  action  of  fluoric 
and  boracic  vapours.  This  decomposed  granite  occurs,  as  is  well 
known,  in  enormous  irrcgidar  masses  or  pipes  wdiich  seem  to 
have  uu  mdehnite  downward  extension— *t  least  thov  show  no 
sign  of  narrowing  at  the  greatest  depth  to  which  they  nave  been 
worked.  The  distribution  of  these  masses  is  peculiar,  and  strongly 
supports  the  view  that  they  represent  channels  along  which  tno 
%'apours  escaped.  There  is  one  mnss  in  the  middle  of  the  Land's 
End  granite  about  midway  between  Penzance  and  Capo 
Cornwall;  there  is  another  mass  in  the  rent  re  of  the  ana  of 
liuwer  granite  now  tirst  recognised.  A  third  muss  occurs  about 
the  middle  of  the  Godolnhin  granite.  In  each  case  a  vent  sooms 
to  have  occurred  in  the  highest  part  of  the  granite  dome,  and 
only  one  such  vent  has  been  discovered  in  eadi  boss.  Whether 
this  rule  will  hold  good  for  other  districts  remains  to  be  seen. 
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Mr.  Ussher  hixa  been  engaged  ou  the  Devoniau  rocks  of  aaal  Mr.  U«her. 
Cornwall,  completiiiff  the  mjomj  of  (he  new  seriee  map  sheet 
S48,  and  earn  ing  the  work  westward  into  the  adjoining  sheet 

347  The  stratii  mapped  embrace  all  the  Lower  Devonian  divisions, 
Middle  Devonian  slates  and  slaty  niudstones,  and  in  the 
neighhoTirhood  of  Qiictbiock  slates  and  schalsteins  which  may 
l>cloiij;  U»  thi'  I'pjKT  or  Middle  Devonian,  or  wholly  ti>  the  forllU'r 
g^ullp.  Tlie  Lower  Devonian  rocks  are  the  westerly  eontinuulion 
of  those. of  the  Looe  area.  Up  to  1901  the  Lower  Devonian 
succesaion  had  never  been  satiBuctorily  established,  an  unbroken 
seqnonoeof  the  constituent  subdivisions  having  been  nowhere 
encountered. 

A  f«  w  days  devoted  to  the  mmparison  of  coast  sections  has 
greatly  facifitntcd  field  work  during  the  last  two  innntlis  of  the 
year,  and  coupled  with  the  identification  by  tlie  |){dieontola;jist 
of  the  fossils  collected  in  1 900  in  the  Toiu  uuy  promontory,  nas 
yielded  more  satisfactory  results  than  nave  nerotofore  been 
obtained.  These  results  nave  a  direct  bearing  on  every  Lower 
Devonian  district  in  South  Devon,  and  wiB,  it  is  confidently 
expected,  much  fiM^ilitate  future  work  in  OornwidL 

The  year's  wf»rk  in  the  field,  and  in  re\  icwing  the  evidence, 
tends  to  place  the  Dartmouth  slates  at  the  luvse  of  the  Ivowcr 
Devonian.  These  slates  oft^n  exhibit  proiiouneed  i^'reen  uikI 
purple  tints,  and  delicately  blended  mottling  of  purple  and  inile 
purple  and  grey ;  but  these  characteristic  colours  often  give  place 
to  buff  and  drab  tints,  and  grey,  and  even  blackish  slates  maybe 
found.  The  slates  are  often  siliceous  ;  they  present  glossy 
surfaces  and  contain  beds  of  verv  hard  grit  and  arenaceous  rocks. 
Tlio  hard  grits  or  quartzites,  botL  in  the  area  east  of  Fow^y,  nnd 
in  ilie  Kingswcar proujontorv,  locally  result  from  the  auialLruna- 
tion  or  welding  together  oi  siliceous  shales  or  slates.  On  the 
whole,  the  aspect  of  Dartmouth  slate  sections,  suggests  a 
coincidence  between  bedding  and  cleavage ;  but  when  attempts 
to  procure  doavage-dips  are  made,  the  angles  of  schistosity  are 
found  to  vary,  and  occasionally  hard  grits  are  seen  to  cut  off  the 

f>lanos  of  sehislosity  in  the  slates.  From  many  indieations  of 
(}ca\\  irrei^ularities,  there  can  bo  little  doubt  that  the  slates  ot 
this  series,  where  they  seem  to  present  a  continuous  succassion, 
arc  constantly  repeated  by  sharp  lolils  which  have  been  broken 
and  sheared  out  In  the  coast  west  of  Polperro  and  south  of 
LansalloB,  the  association  of  grits  in  the  slates  is  the  same  as 
that  disnlayed  on  the  Revelstoke  coast.  Many  oontortions  are 
oxhibiteu  by  them,  including  the  vertically  zig/.agged  bedding  so 
frequent  in  the  Devonian  roek*^  of  f^outh  Devon  and  cast 
Coniwall.  These  slat"  s  have  now  been  traced  from  the  Kings- 
wear  promontory  westwanl  to  the  Fowey  estimry.  In  this 
extension  their  persistence  is  only  broken  near  East  Aiimgton, 
in  the  Kingsbndgo  area.*     The  problem  of  the  geological 

*See  Miip  in  Rep.  of  Easter  ExciirMjon,  X901,    Pror,  GetJ.  A$9oe^ 
vol.  xvii.,  p.  121. 
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Utdier.  striioture  of  Cornwall,  south  and  west  of  a  line  between  Fowey 
and  Watergate  Bay,  is  precisely  similar  to  that  of  the  Kingsbridge 
and  Torcross  area,  in  both  cases  -sve  liave  partly  fossiliferous 
rocks  on  the  south  of  the  Dartmouth  slates.  What  are  their 
relations  to  the  Dartmouth  slates :  are  they  newer  or  older  ? 
If  the  former  these  slates  must  be  regarded  as  an  anticlinal ;  if 
the  latter,  as  an  outcrop,  any  imporsistence  in  which  can  only  be 
explained  by  fiiult  or  (mange  in  character. 

In  tho  Summary  of  Progresa  for  1900,  pp.  60,  61,  reference  is 
iiifidf  to  fossils  coIlcM'tod  in  the  Tr>rqnay  promontory,  the 
Kmgsbridge  area,  and  the  Looe  area ;  the  results  of  the  examina- 
tion, re-examinatiou  and  comparison  of  these  fosKils  were 
received  from  the  Paheontological Department  in  January,  1901, 
together  with  a  list  of  fossils  cdlected  oy  Mr.  Upfield  Greon,  from 
"LooQ  and  Fowey. 

From  these  lists  the  following  fossils  may  he  taken  as 
characterizing  the  Looe  and  Fowey  fauna : — 


Orthotetett  hipparionyx 
Spirifer  prinuBvus 
StreptornynchuB  p&A 


Rbynchoiiella  pongelUana  (scarce) 
Ykmrodictyulu  problematicum 


In  the  badly  preserved  fossils  of  the  Kingsbridge  area  (Ring- 
niorr  I  rds)  all  the  above  exr^ept  RhjfnrhfynfUa  prirqeJf  f'tnur,  have 
been  recognized  as  far  as  tlie  condition  of  the  cruslied  exists  and 
impressions  would  permit.  In  tho  Torquay  promontory  (New 
Dnve^  OHhotetes  hipparionyx  occurs  in  a  fossiliferous  horizon 
containing  numerous  *  fragments  of  spined  H&malotichis  and 
casts  of  StnqtftoTnena  tctUcosla  (also  m  the  New  Cut  and  on 
Oxlea  Hill).  Spirifer  prirruBvus  was  found  in  the  Mead  foot 
beds  near  Hopes  Nose  with  a  Homalonohtit  resembling  H. 
Raenierl,  Strojmmiirna  rhomho{flifli.<i^  Za]>hrentidte,  <tc.  Rkyn- 
chmidla  pe^xgdliana  was  doubtfully  idenLihed  by  Mr.  Etheridge 
among  fossils  collected  by  Ciiampernowne  from  the  New  Cut. 
Davidson  thought  that  he  recognised  it  amongst  fossils  collected 
hy  Mr.  Whidhome  in  the  Saltern  Gove  railway  cutting. 
^ireptxyrkynckus  gigas  is  riven  in  Tawney's  listB  amongst  fossili 
collected  west  of  tlopcs  Nose  Raised  Beach; presumably  fromUie 
uppermost  grits  f  the  I^ower  Devonian.  Pff  I'  nxiictyum 
firohlf'UKiticum  is  rtuumon  in  the  Torqua}'  promontory,  and 
eoutined  to  th)  .spt'cial  liorizon.  As  the  l^tnver  Devonian  rot  k.s  of 
Torquay  and  Paignton  are  all  above  the  Dartmouth  slates,  which 
do  not  appear  at  the  sutfiM»,  and  palteontological  evidence  is  all 
in  favour  of  the  correlation  of  the  fossiliferous  strata  with  those 
of  the  Looe  and  Fowey  area,  which  unquestionably  are  repre- 
sented in  the  Kingsbridge  area,  it  follows  that  the  Dartmouth 
slates  are  the  lowest  nioTriber  of  the  Devonian  of  South  Devon 
and  of  Cornwall  as  far  west  as  the  Fowey  estuary. 

Tlie  Torquay  promontory  is,  perhaps,  the  worst  tract  in  the 
south-west  of  i^ii<^liind  to  obtain  evidence  of  the  actual  sequence 
of  the  Lower  Devonian  rocks»  owing  to  fitults  and  contortion. 
The  coast  section  south  of  Brixham  has  not  yet  heen  actually 
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compared  with  the  Plymouth  and  East  Cornwall  sections,  and  Mr.  UnhMr. 
the  comparison  of  the  Ringmore  section  is  not  yet  completed. 
In  both  these  sections  the  Durt month  slates  appear  to  bo  in 
contact  with  dark  slates,  which  in  the  Ringmore  section  pass  up 

into  the  fossiliferous  beds. 

In  the  PhTiiouth  secti(»n  the  practically  nnfossiliforous 
StiuUioii  grits  are  well  develojK'd  ;  they  rest  on  grey  slates  with 
hard  grit  bods  and  bands,  presenting  at  Boveysand  the  same 
relation  of  pronounced  cLeaTaee  broken  by  nedding  planes 
that  is  so  pronounced  in  the  grey  slaty  siliceous  rocks 
forming  the  coast  line  between  Fowey  and  Pencarrow  Head. 
The  grey  slates  succecdin<'  theso  ho(h  in  the  Plymouth  section 
contjiin  Zaphreni Uhe,  and  in  parts  of  the  section  the  bending  or 
di>sti)rtion  of  the  cle^ivagc  planes  at  intervals  is  the  only 
indication  of  bedding.  At  the  south  end  of  Crownhill  Bay  tlio 
slates  beoome  calcareous  and  pass  into  red  very  fossiliferous 
decomposed  friable  slaty  beds  crossed  by  limestone  bands  con- 
taining monticuliporoid  corals,  &o.,  identic  al  in  all  respects  with 
the  red  and  grey  limestones  associated  with  the  Looe  beds  at 
East  Looe  beach  and  at  Millcndreath.  These  Ijeds  are  associated 
with  hard  fine-grained  grits  of  the  same  ty|X)  as  those  at 
Beesands,  sonth  of  Torcross,  and  they  are  fauluxl  against  Lho 
Dartmouth  slates  at  Audurn  Point.  1  nis  faulted  north  boundary 
of  the  Dartmouth  slates  extends  eastward  to  Modbury. 

Turning  to  Tregantle  on  the  Cornwall  coast,  wo  find  a  great 
development  of  the  fossiliferous  beds  identical  in  every 
respect  with  those  of  the  Plymouth  socfion,  which  when  traced 
inland  are  seen  to  contain  the  same  grit  tyjMJS  as  at  Looe  and  in 
the  New  Cut  near  Torquay.  Between  these  beds  and  the  purple 
and  green  mottled  Dartuiouth  slates,  on  the  east  and  on  the 
west,  grey  and  dark  grey  slates,  with  grit  beds  and  arenaceous 
interbancting  in  nart,  rorm  the  cli£k  Traces  of  PUraspiti  have 
becQ  Ibund  in  these  slates  toward  PortwrinkK  fio  that  in  part 
they  belong  to  the  Dartmouth  slate  series,  and  form  a  passage 
into  the  overlying  beds  of  the  Meadfoot  series.  In  the 
Summary  of  l^rogrem  for  1899,  page  84,  these  slates  are 
referred  to,  and  their  connection  with  the  Bmdown  and 
Congorlaa  (juartzites  is  correctly  foreshadowed.  During  the 
latter  part  of  the  year  1901,  general  boundaries  were  drawn  in 
the  area  between  Lanreath  and  Polperro  separating  the  grey 
slates  and  grits  from  the  vsri^^ted  Dartmouth  slates  on  the  one 
hand,  and  from  the  more  or  less  fossiliferous  slates  and  grits 
which  represent  LhelKK>e  hcfis  on  the  other.  The  latter  is  a  purely 
tentative  line  and  could  nf»t  i>e  contimied  eastward,  hut  there  are 
indications  of  the  development  of  the  loc*il  characters  of  this 
intermediate  series  westward.  Just  north  of  Lanreath  the  Dart- 
mouth slates  appear  in  an  impersistent  mass  or  masses  cut  off  by 
a  &ult  on  the  north,  and  bounded  by  dark  slates  on  the  south. 
Here,  therefore,  as  at  Bindown  and  Con^orlan  the  Dartmouth 
slates  appear  on  the  north  of  the  fossiliferous  Looe  rocks,  in 
which,  although  there  are  evidences  of  crinoids  and  occasional 
fossil  traces  (in  slates  of  Kingmore  types),  few  markedly 
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Mr.  t'»«lier.  fossiliforous  beds  were  eneoiintered,  prol>iibl\  owing  to  the 
absence  of  good  exposures.  Tlic  grey  slates  with  liaid  grit  beds 
and  arenaceous  banding  are,  however,  well  evidenced,  botn  on  the 
north  and  south  of  the  Dartmouth  slates,  which  tho}^  separate 
from  the  fossilif«'rons  L,^rits  and  slntes  of  Pi  lu'arrow  Head,  rightly 
conelated  by  De  la  Heche  with  the  fossil itrrous  rocks  of  I.ooe. 
The  Dartmouth  slates  wouhl  therefore  appear  to  form  an 
anticlinnl  Uiiles  in  brea<lth,  bounded  ny  pmntically  un- 
fossiliferous  slates,  grits,  sandstones,  and  intijrlMijidctl  argillaceous 
and  arenaceous  rocks,  which  for  convenience  of  reference  may  Ijc 
provisionally  termed  Lower  Meadfoot  hods.  An  interesting 
section  of  thoso  beds  is  at)brdod  by  the  south  shore  of  Point  Pill 
Crock,  where  they  are  faulted  agjiinst  purple  and  green  Dart- 
mouth slates  on  the  north.  In  this  section  grey  and  dull 
greenish-grey  slntes,  varicgatofl  with  but!"  and  slrnw  ro]f>iir<'d 
tints,  and  in  places  as.sociated  witli  beds  of  tough  bull Mlty  lock, 
and  occasionally  of  hard  ^rit.  si  rough'  resemble  the  variegated 
ftlates  and  arenaceous  rock  of  Mr.  Hill's  Falmouth  series.  A 
&ulted  development  of  but)'  or  silty  rocks  of  a  type  common  In 
the  Pelynt  district  occurs  in  them.  Grit  lx)ds  here  and  there 
show  sharp  folding,  and  in  one  place  a  mass  of  tough  dense  grey 
grit  suggests  the  local  development  of  beds  similar  to  those  of 
Bindown  and  Congorlaii.  Near  Brawn  Point  bhic  nnd  straw- 
coloured  slates  exhibit  cleavage  planes  dipping  at  a  low  angle 
with  small  wavy  undulations  mie  to  the  intersection  of  slightly 
harder  silty  intercalations.  Near  this,  fossiliferous  beds  come  on 
which  include  thick  bedded  yellow-brouTi  arenaceous  rocks,  in 
part  very  similar  (honeycoudjed  with  distorted  fossil  cavities)  to 
the  fas.siliferous  beds  of  the  Tregantle  and  Plymoiith  const 
sections,  and  on  the  same  line  of  strike  with  the  fossil iferous  beds 
uf  Poncarrow  Head. 

It  is  important  to  note  that  an  argiilo-arenaceous  or  silty 
character,  siruilar  to  that  dispUi}  ed  in  the  Point  Mill  Creek 
section,  is  frequent  in  the  Looe  area,  and  in  the  absence  of  fossils 
this  deterioration  of  grits,  belonging  to  the  fossiliferous  series, 
cannot  be  distinguished  from  similar  associations  in  the  Lower 
Mea<if'">t  beds.  The  Staddon  grits  exhibit  a  similar  deteriora- 
tion traced  westward,  being  locally  an  argillo-jirenaeoous  series 
in  which  more  or  less  silty  mudstones  predominate  over  the 
harder  grit  beds.  The  assimilation  of  dincrent  horizons  in  the 
Lower  iJovonian,  through  the  assumption  of  practically  identical 
lithological  characters,  renders  the  mapping  extremely  difficult 
and  most  unsatis&ctory  where  faults  liave  to  be  drawn,  as  is  the 
case  witli  a  wcst-soutn-west  fault  cutting  out  the  Dartmouth 
slates  of  Bindown  and  Congorlan,  which  is  sbiltcd  by  an  cxcce<l- 
ingly  indefinite  cross  fault,  and  in  further  prolongation  forms  the 
north  boundary  of  the  patch  of  Dartmouth  slates  north  of 
lAureath. 

CAnBONlFEUOL'S. 

^Ir.  Teall's  microscopic  examination  of  the  Weardc  grauwacke 
and  similar  beds  at  Jb  order  Lake,  both  near  Soitash,  proves  that 
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these  rocks  are  niada  up  of  qiiartz,  felspar,  fragiuents  ot  ielsitic  Mr.  U«»hcr. 
and  (locally)  andesitic. igneous  rocks.  His  examination  of  Culm 
grits  from  near  the  River  Tavy  south  of  Abbey  Bridge,  Tavistock, 
entirely  fikvours  the  correlation  of  the  Wearde  E0om  rocks  with 
the  Culm  j^its  (base  of  ^fiddle  Culm  treasures),  as  suggested  by 
^Ir.  TT<isher  *  The  cnnditinns  nic]*  r  which  they  were  formed  are 
cxi)l:iiiic<l  in  the  paper  here  (juoicd. 

During  1901  exceptional  opportunities  for  observing  these  IxhIs 
were  attordcd  by  tne  cutting  of  a  new  road  south  of  Lower 
Compton  village,  and  in  a  deep  section  driven  northward  into  the 
hiO  on  which  they  are  best  developed.  The  jj^rits,  in  even  l>cds 
sepaiated  by  masses  of  dark  shaly  slate,  vary  m  grain  and  hard- 
ness, and  in  places  present  the  character  of  a  tine  breccia  or 
turt"  containing  numerous  sn>all  picct  s  of  shale.  The  excavation  ' 
terminates  in  a  mass  of  exceedingly  hard  igneous  rock.  In 
Lower  Couipton  road  the  section  bt^i^ms  with  vesicular  volcanic 
rocky  suooeeded  by  vety  hard  even-bedded  grits,  with  shaly 
intercalations  and  coarse  and  fine  fragmental  rock  containing 
pieces  of  shale,  &c. 

PLIOCENE. 

The  surs'oy  of  the  Land's  Kml  district  has  led  to  the  discovery  Mr.  Reid. 
of  one  outlier  of  I'licx  t'oe  deposits  besides  lliat  already  known  at 
St.  Krth.  The  new  outlier  oo^Mirs  on  the  ridge  nortli  of  Cannon's 
Town,  on  the  opposite  side  of  the  valley  to  the  St,  Erth  pits, 
and  at  an  elevation  slightly  greater  (ICO  feet).  It  consists 
merely  of  the  ferruginous  pebbly  sand  or  .soft  sandstouc  known 
as  "growder,"  the  fossil iferous  days  seen  in  the  St.  Erth  pit  being 
mlssmg.  The  search  for  1  Miocene  deposits  has, however,  resulted 
in  the  discovery  of  a  striking  feature  in  Cornish  geology'.  In 
describmg  the  Sr  Krth  dei)osit  rea.sons  were  given  for  tlunking 
that  the  fossilUerous  clay  indic^te<l  a  depth  of  water  of  40  or  50 
^thorns,  and  nothing  that  has  since  been  discovered  has  led  us 
to  modify  this  view,  f  If  this  view  is  correct  we  ought  to  fiml 
traces  of  a  Pliocene  shore-line  near  the  400  foot  contour,  for  the 
fossiliferous  clay  lies  about  120  feet  above  the  present  sea-level. 
When  the  deposit  was  examined  in  188()  no  shore  line  could  be 
found  in  the  neighbourh'»'»d  for  all  the  country  near  St.  l''rth 
lies  Ik'Iow  the  400  foot  coiitour,  and  shows  signs  of  having  been 
pl;vued  and  smoothed  by  the  sea.  Out  ot  this  undulating 
plateau,  however,  rise  in  the  distance  various  abrujot  and  more 
rug^ped  hills,  and  the  examination  of  the  whole  distnct  has  now 
shown  that  a  dearly-detined  ancient  .shore  line  bounds  this  plane 
of  marine  denudation  at  a  height  of  about  420  feet  above  the 
present  sea-level. 

Notwith.standing  the  strong  presiunptioii  that  tlie  plateau  was 
once  occupied  by  i'liocouc  strata,  and  that  the  olil  clitl  marks  the 

*  Proc.  Sotiin\^t  Arch,  and  Xnt.  Hint.  Soc^  vol.  advi.,  p.  GO,  1900.  See 
also  Trttux.  ItiM.  Mining  Fnrfvnrerx,  vol.  xx. 

t  "  The  I'liocene  ])eposit.sof  N or th-VVe.stern  Europe."  A'atvre^  vol.  xxxiv., 
p  341  (18BG) ;  The  Pliocene  Deposato  of  Britsiiv  **Mem'ir$  t^Geol,  Survey/* 
chapter  v.  (1890). 
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Mr.  Reid,  former  liiuiL  of  iliese  stratii,  it  is  exceedingly  dotibtftil  whether 
the  whole  of  these  features  were  of  Pliocene  dutc.  i  iiu  plateau 
is  so  extensive,  and  is  cut  in  such  hard  rocks,  that  it  is  difficult 
to  inuunne  that  the  Pliocene  sea  could  have  levelled  it.  Perhaps 
after  aU  it  is  a  feature  of  much  older  date,  merely  cleaned  up  and 
sharpened  in  Pliocene  times.  In  support  of  tnis  view,  we  can 
point  to  the  very  similar  plateau  in  (tower,  described  in  Mr. 
Strahan's  rep)rt  (p.  40).  for  on  that  plateau  have  now  boon 
discovered  two  outliers  of  Trias.  It  is  lioped  that  further  work 
in  Cornwall  may  throw  light  on  this  strikmg  feature. 


RAISED  BEACHES. 

Thus  &r  no  Pleistocene  deposit  older  than  the  raised  beach 

has  been  recognised  in  West  ComwaU,  though  there  are  indica- 
tions that  tho  whole  coast  is  fringed  with  a  more  ancient  erratic 
de{>osit,  which  lies  entirely  beneath  the  present  sea-level.  The 
numorous  small  erratic  blocks  which  occur  in  tho  raisod  beach 
probably  belong  to  this  older  deposit;  for  nothing ha.s  )et  been 
ibund  in  the  newer  one  to  suggest  anything  but  a  temperate 
climate,  and  the  foreign  stones  in  the  raised  beach  are  all 
sufficiently  smaU  to  have  been  brought  up  during  storms  from  a 
depth  of  5  or  10  fathoms  attach*  d  to  the  roots  ofoar- weeds.  The 
larger  blocks,  so  often  found  in  dredging  and  trawling^  do  not 
seem  to  occur  in  the  raisod  Itoacbes. 

The  highest  raised  beach  yet  discovered  in  Cornwall  is  seen  in 
Pcnlee  (juarrv,  near  Newlyn,  where  coarse  l>each-shingle  rests  on 
a  rocky  shell  (io  feet  above  Oixlnance  datum.  The  old  clill  and 
beach  can  be  traced  at  about  this  level  through  Penzance,  and 
sweeping  roimd  Mounts  Bay  behind  the  marshes.  It  is  recogniz- 
able also  at  frequent  intervals  round  the  coast  ,  as  a  notch  and 
na  *row  steeply-sloping  ledge,  more  or  less  hidden  by  head  and 
talu.s.  Ever}^vhere  it  yi^'lns  erratic  stones  though  these  are 
especial! V  abimdant  where,  lacing  the  raised  boacli,  is  fotmd  a 
consist  ia!)le  extent  of  shallow  sea.  The  foreign  rocki*  are  mostly 
subangular  Chalk-flint  and  Grecnsand-chert,  like  the  altered 
rocks  found  in  the  Bagshot  gravels  of  Devon,  and  pebbles  of  a 
hard  purple  sandstone  of  doubtful  origin.  These  m-cur  every- 
where, but  at  Cape  Cornwall  was  foimd  also  a  single  pebble  of 
biotite-trachyte  or  biotite-andesito  closely  resemblinir  some  of  the 
Permian  volcanic  rocks  of  Devon,  though  unlike  anything 
belonging  to  Cornwall. 


WATER  SUPPLY. 

Another  season  of  deficient  rainfall  caused  great  anxiety  as  to 
tho  water-supi^ly  of  many  Cornish  towns  and  watering-places. 
This  question  is  a  veiy  dinicnh  one  to  deal  with,  for  great  part 
of  the  country  has  been  so  riddled  with  mines  that  the  water 
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diains  away  far  more  rapidly  than  was  formerly  the  case.   Besides  ^*  Beid. 

this,  great  caution  has  to  bo  used  as  to  the  source  of  the  supply, 
for  though  the  lirnitcd  inUiiid  population  in  most  of  tho  area 
oxaniinod  in  1901  re!i*l<'rs  it  fairly  easy  to  av<(j»]  surface  contami- 
nation, yet  the  comniuu  occurrenco  of  c()p^)or-salts  in  solution 
ne€CSi>iUitCi:i  the  rejection  of  many  copious  sources. 

Penzance  is  now  undertaking  new  works  for  increasing  tho 
water-supply  by  tapping  the  elvan  which  crosses  thealteredkiUas 
near  Maaron.  These  elvans  arc  often  valuable  sources  of  water- 
supply  in  Cornwall,  though  in  difVeront  cases  they  behave  very 
ditt'orenth.  Tho  pormis  innrli  jointc<l  elvan  near  Penzance 
forms  a  dyke  in  the  more  impervious  killas,  and  seems  to  act  as 
a  channel,  probably  conducting  a  goo^l  do4il  of  water  from  tho 
granite  hills  above.  In  other  cases,  docompo.sed  or  kaolinisod 
elvans  form  clayev  dykos  which  dam  up  tho  water,  so  that  its 
level  is  much  higher  on  one  side  than  tho  other. 

SOILS. 

The  soils  over  parts  of  tho  Lju id's  Kiul  district  liavc  already 
been  alluded  to,  but  it  may  bo  remarked  ihal  lor  market 
ganlouiug,  flower  culture,  and  dairy  tunning,  which  arc  now 
becoming  so  imporUint  in  Cornwall,  the  nature  of  tho  underlying 
rock  ana  the  chemical  composition  of  the  natural  soil  are  only 
two  of  the  reouirements.  Cornwall  depends  so  largely  on 
the  prodn(;tion  of  v^jetables  and  flowers  earlier  than,  or  at  seasons 
different  from,  other  parts  of  England,  that  aspo<'t  and  shelter  .ire 
even  more  important  than  soil,  especially  as  tho  soil  is  so  freely 
enriched  and  altered  by  heavy  dressiness  of  sholl-sand  and  sea- 
weed. Some  of  tho  Ik)sL  land  lor  this  spado  culture  is  found  where 
the  slopes  £M;e  the  sun,  as  they  do  around  Penzance,  and  at  the 
same  tune  have  a  mixed  soil  of  greenstone  and  killas,  lightened 
by  a  coarse,  sandy  wash  from  the  gi'anite  above. 

Not  only  is  the  soil  greatly  modified  by  intentional  transporta- 
tio?i  of  sea-sand,  but  it  must  also  be  chani^'cd  by  wind-borne  dust 
for  much  greater  distances  than  is  usually  thought.  Last  year, 
during  gusty  K.NT.E.  winds,  at  CiU'his  Hay,  from  a  height  of'^ 270 
feet  above  the  sea,  swirls  and  putis  of  dust  woro  seen  to  rise  from 
the  desert-like  flat  at  the  mouth  of  the  Red  River  to  a  height  of 
at  least  240  feet  They  nearly  blotted  out  Oodrevy  Towans  (230 
feet)  and  Godrevy  Lighthou.se,  and  then  spread  in  a  well-defineii 
bolt  across  St.  Ives  Bay  for  over  three  miles  to  near  St.  Ives  Head, 
which  tho  belt  must  have  passed.*  Soils  {hna  modified  by  dust 
and  calciu^us  sand  cover  most  of  tho  rock  near  Haylo  and 
Lelant. 

The  granite  in  tho  Falmouth  area  forms  a  dome-shaped  table- 
land and  supports  a  soil  adapted  for  cultivation.  Knolls  of  soBd 
rock  appear  at  random  above  the  soil  and  on  tho  slopes  of  the 
valleys,  out  apart  from  these  rocky  exposures  the  pound  forms 
good  arable  mnd*  The  disintegration  of  the  granite,  however. 


*  See  Beid,  Naturt,  March  6^  p.  414. 
ei49  J> 
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Mr.  R«id.    yields  a  somewhat  cold  soil,  and  crops  are  not  so  advanced  as  on 

the  slute-bearing  ground. 
Mr.  HiU.  TIk^  Porfsrdfho  sn-ies  yields  a  generous  soil,  which  is  considcr- 
iiltly  enluuicwl  by  the  arenaceous  beds,  which,  keepini^  the  soil 
hum  becoming  too  coherent,  admits  of  the  ready  passage  of  the 
surface  draimigo.  The  rocks  of  this  division,  liowever.aro  every- 
where carved  into  deep  iiulloys,  the  slopes  of  which  aie  often  so 
stcet)  that  the  surface  soil  is  washed  on  to  the  lower  grounds, 
resulting  in  a  liill  slope  comparatively  barren. 

yV/f  Falmniiffi  srrirs  prod  noes  .some  of  the  richest  land,  and  this 
is  especially  f  ho  casi^  Avhrro  tlic  soft,  sandy  beds  predominate. 
Tlio  pr(\sence  of  so  inncli  more  non  in  it,s  chemic-a]  coniiK>sition 
will  account  for  its  comparative  superiority  in  this  respect  to  tho 
Other  sedimentary  division&  This  division  has  a  tendency  to 
form  lower  ground,  and  shows  no  disposition  to  the  formation  of 
steep  valleys,  so  that  barren  land  within  this  division  is 
exceptional. 

Tbo  M'lJar  Slaff.'i  in  this  district  sTipport  a  soil  inferior  to  tho 
other  scduuentary  divisions.  This  i.s  largely  due  to  the  iact  that 
it  flanks  tho  granite,  the  marginal  portion  of  iliat  mass  and  tho 
adjoining  sbitcs  being  ihe  nietal-producing  xono,  so  thai  it  has 
been  extensively  vdned  by  (}uartz.  The  quarts  cUbris  scattered 
over  the  ground  is  sometimes  so  great  that  the  *surfoce  soil 
consists  oflittle  else,  and  the  land  is  out  of  cultivation,  while  in 
other  districts  the  agrirnlinral  land  is  con.sidcrably  impoverished 
from  this  ransc.  Wiere  these  conditions,  however,  do  not  i^rov.iil, 
the  soil  is  little  inferior  lo  that  of  the  Portscatho  or  j'\ainiouth 
divisions.  This  division  h;us  a  tendency  to  form  uplands  witli 
shallowor  valleys  than  arc  found  in  tho  rortscatho  scries. 


3.    South   Wales   District. — Glamorganshire  and 

Cabmabthknshibe. 


Mr.  Aubrey  Strahan,  District  Geologist. 
Mr.  R.  H.  Tiddcmnn 


Mr.  B.  S.  N.  Wilkinson 
Mr.  T.  C.  Cautrill 
Mr.  H.  a  Thomas 


Geologists. 


OBDOVICIAN  ROCKa 

Mr.  strahan.  Thc  Surveying  of  Sheet  230,  which  includes  the  North 
Crop  of  the  coameld  from  Ystradgynlais  to  Mynydd  Mawr,  has 
noccssita  t  1  I  he  mapping  of  some  oi  the  older  rocks  near  Llandilo. 
The  Ordovician  Rocks  enter  the  sheet  with  a  strike  of  W.  30"  S., 
which,  however,  cur^'os  westwards  to  nearly  east  and  west.  The 
movement  to  wbich  this  strike  is  due  has  been  so  onei*getic  as 
n'»t  only  to  place  the  strata  of  a  broad  l)elt  of  ground  in  a  vertical 
position,  but  to  dive  rise  to  over-folding  and  over-thrusting.  All 
tho  rocks  up  to  mo  Coed  Measures  are  mvolvod,  but  the  eftectsof 
the  movement  are  manifested  chiefly  in  tho  older  rocks,  and  to  a 
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less  degree  in  the  Garboniferous  areas,  thougli  it  has  sufficed  to  Ur.  Strahaii. 
tilt  the  limestone  and  Millstone  Grit  at  an  angle  of  45*,  and  to 
plicate  the  Goal  Measuzes  near  Llandybie. 

Proof  has  been  obtained  of  the  ezist^ce  of  movements  of  more 
than  one^e,  but  the  dominant,  and  perhaps  the  most  recent,  has 
been  that  to  which  the  present  Btrixe  is  duo.  By  its  direction 
this  disturbance  links  itself  on  to  those  of  Ciibarth  niul  tlie  Vale  of 
Neath.  Thoso  well-marked  belts  of  eoiiiprcssion  rant^e  about 
W.  30°  S.,  and  succeed  one  another  at  fairly  regular  nitervnls. 
Thus  the  Vale  of  Neiith  disturbance  is  followed,  after  an  intci  vai 
of  seven  miles,  by  the  Cribarth  disturbance.  Cribai'th  is  followed, 
at  seven  miles  distance,  by  the  Tair  Cam  anticline,  and  that 
anticline,  l)ot  h  by  direction  and  situation,  is  connected  with  the 
upheaved  belt  of  Ordovician  and  Silurian  rock& 

Of  the  age  of  this  system  of  movements  we  have  no  direct 
proof,  but  tne  work  has  shown  that  it  was  probably  not  contem- 
poraneous with  the  pre-Triassic  oast  and  west  folds  of  the  South 
Crop.  Neither  the  Vale  of  Neath  nor  the  Cribarth  disturbances 
link  themselves  on  to  that  system,  either  in  character  of 
direction. 

It  has  been  observed,  by  both  Mr.  Cantrill  and  Mr.  Thomas, 

that  the  dip  of  the  Silurian  rocks  is  generally  steeper  than  that 
of  the  Ordovician.  Botb  dip  to  the  ^ontli,  ])ut  the  Silurian  at  70'' 
to  80**,  while  the  older  rock  dips  nt  45'  lo  HO  onlv.  If  the  junction 
were  an  imconformity  ana  n«»t  faulted,  this  could  only  bo 
accouuLcd  for  on  the  supposition  that  liio  Ordovician  strata  had 
had  a  northerly  dip  heiore  the  Silurian  rocks  were  deposited ; 
hut  the  evidence  for  a  great  fracture  is  so  convincing  that  we 
may  adopt  the  explanation  that  the  difference  in  inclination  is 
due  to  two  portions  of  a  grciit  S-shaped  (sigmoidal)  curve  having 
been  faulted  into  juxtaposition.  Tlius  the  Ordovicinn  rocks 
have  the  angle  of  dip  proper  to  the  upper  linih  of  the  S ;  while 
the  Silurian  rocks  have  the  steeper  dip  which  prevails  in  the 
central  Umb. 

The  district  is  traversed  also  ]»y  some  clean-cut  normal  faults 
of  the  N.N.VV.  direction.  A  i^^ooii  example  of  such  a  fault  has 
been  traced  by  Mr.  Thomas  lri>in  lirvn  Martin  Uchaf  to  the 
Keeper*s  Lodge  at  Llanfihangcl,  the  shift  of  outcrop  being  as 
mucn  as  100  to  150  yards  in  highly-inclined  beds ;  but  no  case 
has  been  found  of  a  N.N.W.  fault  traversing  the  whole  of  the  belt 
of  disturbance  referred  to  above.  The  results  of  the  detailed 
mapping  are  recorded  by  Mr.  Cantrill  as  follows : — 

The  Ordovician  rocks  are  excellently  exposed  in  the  sides  of  the  Mr.  Ctotiill. 
River  Cennen  and  in  a  raihva)  cutting  at  Ffairfiich.   They  show 
the  following  sub-divisions  in  descendmg  order : — 

3.   Flafls  and  Limestones    )  n  u  i 

2.  F*^hGrit  j  ""^dilol^"^ 

1.   DidymograptuaShAles,  Llanvim  Beds(?) 
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Mr.  CaBtrill    1.   The /)/(/// )7i(3;^pfu«-S1mlas*aro  somewhat  uiicaoeo^ 

fi"''  shiilcs  and  nuulstoncs,  containing  niimorons  Didyinoarupt'idiV 

Mr.  Thomas.  ^  L'nuptfrt'  nnti  trilohitcs.  Their  hasc  is  nowhere  seen, 
hut  tlie  shjiles  are  probahly  at  least  300  to  400  feci  thick.  They 

}ia.s.s  up  into  a  more  s/tndy  and  niiaiccous  rock  with  few  or  no 
ossils.  In  ciirrying  on  the  work  westwards  Mr.  Thomas  estimates 
that  the  imfossiliforous  micaceous  part  of  the  shales  is  160  feet 
thick,  and  that  the  graptolitic  shofos  are  exposed  to  a  thickness 
of  probably  in(iro  than  200  feet.  He  finds  Dtdynifxjritptus 
Infuhi!^  to  be  the  commonest  form,  but  the  classification  of  the 
beds  will  depoTid  upon  further  identific^ations. 

2.  The  Ffairfacli  Grit  is  drseribed  by  Mr.  (\-iiitrill  as  a  bard, 
yellowish  sandstone,  grey  and  Ciilaircous  when  unweathored,  and 
about  150  feet  thick.  It  is  found  by  Mr.  Thomas  to  pass  in  places 
into  a  sandv  limestone,  apparently  unfossiliferotus.  It  is  well 
exposed  in  tno  F&ir&ch  cutting  and  under  the  terrace  of  Golden 
Grove  TTouso. 

I}.  The  Flags  and  Limestones  of  the  Llandilo  j^roup,  as  shown 
in  the  Ft'airfjieh  cTitting,  consist  of  about  150  feel  of  thiu-i)cdded, 
dark  grey  sandy  iniidstones,  overlain  by  150  feet  of  ])cbbly,  soft 
sandstones,  above  which,  again,  come  dark  Hags  and  iiiuestones, 
often  weathered  into  rottenstones.  The  outcrop  in  the  Cennen 
Valley  is  found  by  Mr.  Cantrill  to  be  two-tfairds  of  a  mile  broad, 
which,  with  a  dip  ranging  from  40'  to  70",  indicates  an  apparent 
thickness  of  al)out  2,500  feet  .  The  top  of  the  flags  is  not  scon. 
In  reference  to  these  roeks  farther  west,  Mr.  Thomas  writes  that 
the  limestones  cannot  l)e  traced  far,  owing  to  their  habit  of 
weathering  into  rotlcnstone,  Imt  that  thoy  arc  not  so  sporadic 
as  would  appear  at  first  sight.  A  large  mass  occurs  in  an  old 
quarry  in  Golden  Grove  Park.  He  finds  in  the  fla^  and  lime- 
stones an  abundance  of  fossils,  chiefly  trilobites  and  orachiopods. 
Here,  also,  proof  is  obtjiinod  of  a  great  gap  between  the  highest 
seen  Ordovician  and  the  Silurian  rocks,  the  upper  Llandilo  Ceii^^ 
absent  in  Mr.  Thomas's  opinion,  as  well  as  the  Jiala  and  Llandovery 
soiios. 

.SILUHIAN  liDCKS. 

Mr.  Cantrill  fhe  development  of  hard  red  and  grey  pehhly  grits  (Pjussage 
Beds)  forms  one  of  the  most  conspicuous  features  m  the  highest 
Silurian  rocks  near  and  east  of  liandilo.  Thase  strata  form  a 
well-marked  ridge  extending  from  Triebrug,  where  tliey  arc^  well 
developed,  westwards  tx)wards  Storm  liill,  but  iarther  west  they 
disappear,  partly  through  an  unconformable  overlap  by  the  Oltl 
Red  Sandstone^  but  not  less  hy  gradual  attenuation  in  themselves. 
In  the  eastern  part  of  their  range,  at  Cilmaenllwyd,  Mr.  G^trill 
finds  the  foliowmg  descending  succession 

*  This  name  was  introduced  by  Mcaara.  Marr  and  Roberta.  Quart,  Jaum, 
Qtoi.  Soe^  vol.  adi.,  p.  476  (1885).  ^ 
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Old  Ret!  Sandstone :  red  micacooas  niarla,  oontuning  Lingulas  for  about  BIr.  CaDtrill. 
fiTO  or  aix  foet  above  their  baae»  pasriiig  down  into 

/  Ft. 

Tilestones :  yellow,  hii^lily  inioacpous  sandHtones 

formerly  wrought  fur  tile:*;  fo»«iliferuU8 ;  about-  15U 
IMdirog  Beds  :  ml  smdstoncs  and  grits  and  sandy 
P;vssa£,'e    j    marls,  mostly  p«'l;]»ly;  pasfiing  down  into  yellow 

iScds.         grits  at  their  base  600 

Onmmysia-hedB :  dark  purplish  gn  y,  flat'gy  nnd- 
8 tones,  with  thin  seams  crowdcti  with  fossils, 
amnng  which  Grammytia  is  veiy  abundant; 
V    about  180 

I Greenish-buff  mudstonee,  with  thin  harde  r  seains,^ 
and  Kclow  tlicm  scvcrnl  bands  of  hard  yi  II  nv 
sandstone,  one  about  150  feet  thick,  for  winch  )2UU0 
the  name  of  Uetty  Orit  wUl  be  convenient     - 1 
Greenish-grey  mudetooos    •     •     •  -} 

The  last-named  inay  be  assigned  to  the  Wenlock  group.   In  Mr.  Thomaa 

ciirrying  on  the  account  westwards,  Mr.  Thomas  observes  (hat 
both  the  Tilestones  and  Trichrug  Beds  liave  disappeared  neiir 
Golden  Grove  Park,  leaving  the  Old  lied  Sainlstone  in  direct 
superposition  upeu  Ludiow  mudstoncs.  In  the  same  ueigbbuur- 
hood  the  base  of  the  newer  formation  becomes  conglomeratic 
and  contains  an^ndar  fragments  of  the  underlying  mudstone. 
Between  the  Luulow  and  Weidock  he  linds  that  no  hard-and- 
fast  hne  can  be  dra\  n  The  Llctty  Grit,  one  of  the  most  con- 
stant of  scvcnd  grits  which  make  their  appearance  in  tlie  middle 
and  upper  parts  of  the  Silurian  mudstoncs,  is  about  180  feet 
thick,  and  eau  be  traced  uu.  SundsLonos  are,  on  tbo  whole, 
thicker  and  more  abuiulant  in  the  unper  than  in  the  lower  part 
of  the  mudstoncs.  Fossils  abound  along  certain  lines,  not>  how- 
ever, in  the  grits.  Amongst  others  he  has  obtauicd  Ctdymme 
Blu/menb(iehii,  Pluicopa  eaxKhda^^  and  other  trilobites,  with 
Atrypa  retieuiatat  Leptana  rhoinboidea,  Cyrtia  exporrecta,  etc. 

With  respect  to  the  junction  of  the  Silurian  and  Ordovician 
rocks  near  Golden  Grove,  Mr.  Thomas  makes  the  following 
note: — 

The  lowest  Silurian  rocks  are  groonish-brown  or  liutf  mud- 
stones,  with  thin  bands  of  sandstone.   These  are  of  Wenlock  mo. 

They  rest  sometimes  against  Llandilo  fljigs,  sometimes  against  tlie 
Ffairfach  Grit,  and  soinotinics  ai^niinst  the  DIJ t/ mo;/ rapt unshalGS. 
Tlie  junction  is  therefore  either  an  imconfornuty  of  grciit  magni- 
tude, or  a  fault.  But  though  it  is  exposed  in  four  places,  the  Ijiiso 
of  the  Silurian  rocks  eouL^iius  no  trace  of  conglomerate  such  as 
might  have  been  expected  in  the  case  of  a  great  unconformity.  On 
theother  hand,  there  are  indications  that  the  Silurian  mudsioiies 
have  been  indurated  near  the  junction,  and  that  in  both  them 
and  tlie  Ordovician  a  cleavage  has  been  developed,  with  traces  of 
foliation  along  bedding-planes.  At  the  back  of  Gold<Mi  Grove 
the  jun(;tion  is  laid  bare  by  a  stream  for  250  yards,  and  here  it  is 
actually  seen  to  be  a  fault,  aecoinpanicd  bv  much  crushin^n 
both  sides,  and  signs  oi  shciiring  in  the  ucigldwuring  beds.  The 
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Mr.  ThoiuM.  evidence  jxjints  to  its  boincj  a  fault  in  all  otiior  jjarts  also  of  tlie 
di&trict  mapped.  The  cnurhision  is  in  accord  with  Mr.  Cantrill's 
observations.  At  an  exposure  of  the  junction  at  Troed^rhiw  lio 
finds  that  the  Silurian  rocks  din  at  an  angle  of  40^  towarda 
Tertical  Llandilo  beds,  and  concludes,  both  iiom  this  and  die 
absence  of  conglomerate,  that  the  junction  is  a  large  &ult^  or 
perhaps  a  thrust 


Oavoer, 


Mr.  Straliau.  Two  iiiliors  of  Silurian  rocks  have  l^en  found  this  year  in 
Gowcr.  Tlioy  had  escaped  notice  in  tlie  original  survey  of  South 
Wales,  and  were  not  known  to  exist  until  they  were  det^ietcd  by 
Mr.  Tiddeman.  The  larger  of  the  two  forms  an  undulating 
table-land  on  the  north  side  of  the  ridge  known  as  Cefii-y-Bryn. 
The  Old  Bed  Sandstone  composing  the  ridge  dips  southwards,  and 
from  beneath  it  emerge  soft,  olive-coloured  shales,  the  junction 
between  the  two  hc'm^x  shar]>Iy  defined.  The  inlier,  though  two 
and  a  half  iniles  long,  is  narrow,  being  l)ouiKlud  on  the  north  by 
a  faidt  which  throws  down  various  members  of  the  Old  Itcd 
Sandstone  and  the  Lower  limestone  Shales  in  succession. 
Jl'l^'  The  smaller  inlier  lies  north-west  of  Fenmaen  Workhousa 

iiddemaii.  ^^^^  gj^^      jg  bounded  by  a  &ult  which  crosses  the 

anticline  of  Cefn-y-Biyn  obliquely ;  but  towards  the  south-west  it 

is  sneeecded  naturally  by  Old  lied  Sandstone.  The  shales  arc 
pnorly  exposed,  but  Mr.  Tiddi  nian  obt4iined  fossils,  which  were 
uiciiLilled  by  Mr.  xVcwtoii  As-.—Rhyru-komila  (like  R.  inwuhi), 
BdUrophon  (like  U.  M aidusoai),  J^odioLo^sw  1^  Choiietett  sp., 
crinoia  ossicles,  ontomostraca. 


NoHk  Crop. 

Mr.  Ca&irill.  The  mam)ing  of  the  Old  Red  Sandstone  on  the  north  side  of  the 
Coalfield  has  been  continued  by  Messrs.  Cantrill  and  Thomas. 
With  res])ect  to  the  neighl)ourhood  of  Derwydd  lload  andTrapp, 
Mr.  Cantrill  writes  that  the  lowest  subdivision,  or  red  marls,  is 
exposed  in  the  (Vihilii,  but  that  none  of  the  conglomeratic 
cornstones,  so  fret^uent  near  Gwynle  anil  eastwards,  are  present. 
At  Cilmaenllwyd  the  lowest  few  feet  are  hit^hly  micaceous  and 
contain  a  few  small  Linguks,  survivors,  possioly,  of  the  Silurian 
fauna.  Traced  westwards,  the  ba.sement-l)eds  become  more  sandy 
and  assume  a  ])alo-green  and  yellow  colour.  No  hard-and-fast 
lino  could  be  drawn  between  tlirso  and  the  Tilestones  of  the 
Silurian  Passage  Beds,  the  one  seeming  to  pass  into  the  other. 
This  is  especially  noticeable  in  an  excellent  section  on  the  main 
road  to  Llanolly,  on  the  west  side  of  the  Ccmien  Valley. 

Mr.  Thonufl.  Still  fitrther  west,  however,  the  succession  is  changed.  As 
noticed  above,  Mr.  Thomas  finds  a  marked  overlap  of  the  Silurian 
rocks  by  theOld  Red  Sandstone,  accompanied  by  tne  development 
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of  conglomerate  in  the  base  of  the  newer  formation.    A  green  Mr.  Thomu. 
tinge  prevails  at  tlio  l>.mp  of  the  ()1<1  WvA  Siiulstone,  ami  ono  of  the 
lowest  l>etLs  is  a  tishiic  iri  etii  sandstone,  which  has  been  worked  as 
a  tilestone,  but  which  miisi  uut  be  confounded  with  the  Tilostones 
of  the  Silurian  Passage  Beds. 

The  series  of  green  and  dull-red  sandstones,  to  which  Mr.  Mr.  Coutrill. 
Gantrill  gives  the  name  of  Senni  Bods,  forms  the  lower  part 
of  the  Brownstones,  snd  Bas  been  traced  continuously  so  &a 
as  the  surveying  has  proceeded.  The  groat  mass  of  the 
Brownstones  above  repeatedly  yields  exposures,  but  whereas  in 
the  Carmarthen  Fans  tlic  bods  consi.«?t  of  innumerable  alternations 
of  san<l^tonc  with  marl,  f.ullicr  west  marls  form  the  bulk  of  the 
subdivLsu)!!.  The  quart/coni^HonKTates,  also,  which  form  the 
scarps  of  the  C  anuarthen  Faius  persist  uo  farther  west  than  the 
Clyoach  Valley.  It  thus  happens  that  the  Grey  Grits,  or  upper- 
most subdiTision  of  the  Old  Red  Sandstone,  there  rest  upon 
marls 

A  little  &rther  west,  however^theGrey  Grits  disappear,but  to  the 
south  of  Trapp  an  olive-green  sandstone  with  quartz-pebblos  comes 
in  at  a  probably  lower  horizon  below  the  Lower  Limestone  Sliales. 
At  Llandyfan,  where  the  rock  in  about  20  feet  thick,  and  contains 
roiled  Hake.s  of  dark  shale,  it  is  separated  from  the  Limestone 
Shales  liy  150  feet  of  coarse  red  .sfindstone  and  red  marls.  North 
of  Lliiiidybie  the  upper  beds  of  the  Brownstoues  tend  to  Ijccomo 
sttU  more  sandy,  as  is  well  shown  at  Cih  rychen  Quarry,  where 
the  Lower  Limestone  Shales,  with  a  few  &et  of  dark  groon  sand- 
stono  at  their  base,  rest  upon  green,  red  and  brown  s^indstoncs 
and  marls  with  conglomeratic  comstonos  containing  fossiliibrous 
pebbles. 

The  disap|)earance  of  the  Grey  Grits  luus  been  traced  by  Mr. 
Cantrill  step  by  step  from  the  Carmarthen  Fans,  l>y  the  licatl  of 
the  Cennen,  where  tiicy  arc  |»  libly  and  15  t(  rt  iliick,  to  Banc 
VVem  Wgan,  wlieie  they  are  dcvuicl  of  pebbles  and  only  8  feet 
thick.  Farther  west  they  are  representeil  by  only  about  6  feet 
of  greenish-brown  grit,  sepamtea  from  the  Lower  Limestone 
Shales  by  a  few  feet  of  red  marls ;  but  no  obvious  representative 
of  the  Grey  Grits  has  been  recognised  west  of  CwrtBryn  y-Boirdd. 


Gou'cr. 

In  Gower  the  Old  Bed  Sandstone  luus  Wni  found  by  Messrs.  Measra. 
'ri<l(leman  and  Wilkinson  to  occur  in  the  fonu  of  sharp  anticlinal  straiian, 
folds,  runnin*;  approximately  east  and  west,    fn  nearly  everv ''*'/'"'"'^» 
Cilse,  however,  one  hinh  of  the  antielme  is  replaced  by  a  iHUlt.  Wilkioaoii. 
The  following  subdivisions  arc  recognised : — 

White  quartz-grit  (the  Grey  Grits),  freely  charged  with  pebbles 

of  vcin-<iuartz. 
Ked      ditto  ditto 

Ked  and  purple  sandstones  (the  Brownstonefi). 

Bed  and  pnrple  marlsi  with  an  occasional  conglomeiatic  comstone. 


Digitized  by  Google 


I 


40  ENGLAND  AND  WALKS. 

The  last  named  arc  not  often  Yisibie,  and  may  be  absent  on 

Cofii-y-Bryn.  The  red  sandstoiu  .s,  wliicli  arc  usually  conspicuous, 
graduate  up  into  the  red  conglomerate,  l)ut  there  is  a  fairly  well- 
marked  boundary  between  the  red  and  white  con<jfloincrates.  In 
one  case  noted  by  Mr.  Tiddoiiian  pebbles  ancl  fragments  of 
haematite  occur  iu  llio  Old  Red  conglomerate. 

The  detection  of  Ludlow  Beds  in  the  Cefn-y-Bryu  anticline 
has  chansed  our  views  with  respect  to  the  develoijment  of  the 
Old  Bed  Siuidstone.  From  a  rough  estimate  ^e  thickness  of  the 
latter  formation  in  C«  fn  \  -Bryn  can  scarcely  exceed  400  feet, 
though  it  amounts  to  3,500  feet  near  Cardiff  and  to  still  more  in 
the  lirecknock  outcrop.  Moreover,  in  Rhossili  liill  there  arc  l>ed.s 
represented  which  are  absent  in  Cetn-y-Bryn,  and  a  greater  thick- 
ness of  the  Brownstones  and  niarlti  exposed,  without  reaching  the 
base.  The  attenuation  of  the  Old  Rea  Sandstone  in  Cefi[i-y-Bryn 
takes  place  chiefly  in  the  lowest  subdivision,  the  marls  with  corn- 
stones,  which,  indeed,  are  doubtfully  represented  by  a  few  feet 
only ;  but  the  Brownstones  also,  though  certainly  present,  are 
greatly  diminished.  The  uppermost  conglomeratic  subdivisions, 
on  the  othor  hand,  arc  well  devoloped.  Tt  is  clear  therefore  that 
the  diiuinislied  tliickncss  ot"  llio  Old  Ked  Sandstone  is  not  due 
either  to  an  overlap  by  the  Carboniierous  shales,  or  to  an  overlap 
of  the  Brownstones  by  the  conglomerates,  or  apparently  to  an 
overlap  of  the  marls  by  the  Brownstones,  but  to  attenuation  in 
tlu!  two  last-named.  Tb(^se  fa*  is  suggest  an  unconformity 
between  the  red  rocks  and  tbc  Ludlow  shales — a  matter  which 
will  rccoivo  further  investigation. 

CARBONIFEROUS  LIMESTONE. 

North  Cro^K 

Mr.  CantriU.  In  the  Norili  Crop  Mr.  Cantrill  makes  the  following  observa- 
tions on  the  Corbomtorous  Limestone.  It  presents^  in  descending 
succession 

Rottenstone  Series.— Fine-grained,  white  and  yellow  sandstone 
\vit]i  rotten  chert-bands  in  the  upper  and  rottenstones  in  the 

lower  part 

{Bark  liiue^>toiios  witli  Ijlack  chert- nodules. 
Light-grey  (Kjlite  about  .oo  feet  thick  ;  at  its  base 
alioiit  l  ')  Fei'tof  scft  Knriil^tr.no. 
Dark  liiacHtoueand  oolite.  Lit/ivstruticrii  hrcgulare 
at  base. 

Ix>wcr  Limestone  Shales.— About  40  or  CO  feet»  but  tending  to 
thiu  wcatwards. 

The  Hottenstone  Series  has  been  exceptionally  well  exposed  in 
Uie  Bynea  I'li.k  Gompan/s  "plastic  clay"  Icvd  at  Grand)ica. 

There  the  beds  between  the  Millstone  Grit  Jind  the  top  of  the 
main  1iin(>Rtone  are  about  GO  feet  thick.  They  consist  oi  ytHow 
Siindy  material  in  betb?  aboni  six  iiiclios  in  tbickness,  some  of 
which  liave  the  flinty  and  angular  (ra(  lure  and  ocwusionally  the 
nodular  form,  of  chert,  while  a  very  lew  contain  a  small  core  of 


Messrs. 

fitruhan, 

Tiddetniiii, 

and 

WUkiusoiu 


Digitized  by  Cooglc 


SOUTD  WALES  DISTRICT.  41 

imdeoomposcd  chert   A  band  of  black  chiy  1  ^  feet  thick,  near  Mr.  GantriU. 

the  miflcUe  <>t"  the  scries,  mny  he  a  (Iccalcitird  h'mostone,  and  at 
the  bottom  there  is  a  rotteiisttmo,  12  tcct  thick,  which,  however, 
is  too  clayey  ^er  euininercial  purposes.  The  "  plastie  clay,"  lor 
which  the  levol  is  worked,  appe^us  t<>  bo  au  impalpably  fiuo 
fiOica^sand.'*  It  occurs  in  thin  bands  amoug  the  harder  and 
coarser  material 

Oower,  * 

Notice  has  been  previously  made  of  some  pitted  and  nodular  Mr- 
limestones,  which  had  been  observed  by  Mr.  Tiddcman  in  the 
upper  part  of  the  Carlwniforous  Limestone  at  Newton  Nottage 
ana  in  Gower.*  He  n<j\v'  makes  the  further  observation  on  these 
rocks  that  they  aio  almost  always  associated  with  thin  coaly 
beds  containing  carbonised  Tegetaole  matter,  such  bands  having 
been  noted  by  him  at  Newton  Nottage,  Ch'stoniiouth,  Mumbles, 
PwU-du  Hea<I,  Oxwich  Head,  Tlisliopston,  Ilston,  Llcthrid  and 
Llanrhidian.  From  a  smut-bed  of  this  character  at  Oxwich 
Head  he  has  obtained  a  number  of  snjall  gasteropoda,  which  may 
prove  to  be  new  to  CarlKmifcrous  rocks.  The  section  is  given 
by  him  as  follows,  in  descending  order : — 

Oxmch  Point  ft.  in. 

Dark  crystidlino  encrinital  lirnesU>ae. 

IMack  coiniKict  limestone,  sccu  to  20  0 

Black  calcareous  mud  with  bryozoa  -  .  -  .  .  q 
Cruahed  limestone  with  veins  of     f  iic  and  iVo<//a7««  at 

top  2  ft.  to     3  0 

Brown  or  black  muddy  bed  with  gaateropoda  and  vegetable 

remains  (?  fiu-oul.^)  -      -      -      -     1  ft.  to     3  0 

llTcgular  limestone   with    LUhoiitrolion    abundant,  also 

Zaphreniis  aud  EuompJialuSi  and  occiUiionally*S7 /(///mi  rta; 

base  not  seen. 

The  nodular  limesteiie  series  is  quite  200  feet  thick  nt  Oxwich 
Head,  and  is  exposed  to  a  thickness  of  more  than  200  feet  at 
Uanrhidian.  Mr.  Tiddcman  proposes  to  apply  to  it  the  name  of 
Humbles  Head  Beds. 

With  reference  to  the  Hottenstone  or  Bishopston  Beds.f  Mr. 
Tiddcman  writes  that  these  strata,  "  as  represented  by  the  '  Black 
Lias'  at  Oystermoiith  and  the  (lecaltilied  limestone  at  Bishopston, 
have  been  traced  over  :i  wider  arcii  than  was  assigned  to  them  l)y 
De  la  l>e«'lie.  It  is  true  that  they  are  tliit'kest  at  1)isli<tj)stoii,  IniL 
wo  also  hud  tnujes  uf  them  ou  the  southern  side  of  the  peiiiiisula. 
Thus  the  rottenstone  occurs  in  pockets  in  the  Mumbles 
Head  Beds  at  Pwll-du  Head,  as  well  as  overlying  the  same  bods 
at  Port  Eynon  at  the  old  paint-mine  and  on  the  foreshora  At 
the  paint-mine  the  Spirifcr  which  al>ounds  at  Bishopston  was 
found.  Traces  of  the  rottenstone  have  been  detected  on  the 
northern  margin  of  the  Carboniferous  Limestone  at  Ilston, 

*  Summary  of  Prvyress  for  lOOO,  p.  87. 
+  Summary  qf  JProgrett  for  lOOO,  i>p.  87,  88. 
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Mr.  Llctli rid,  near  Cao  Morgan, and  Cil  U'ur.    At  V>olli  rlio  lasi-nnmed 

TidilciuaD.  localities  Wd'Hlife  occurred,  and  they  are  proh;lM^■  t  he  places 
hinted  at  by  l)o  la  Bechc  whore  LoLcan  found  ihib  liiiiicraL'  * 

MILLSTONE  QRIT. 

Qower, 

Tlio  Rottenstone  Beds  are  followed  up>vaid8  by  HiUstoiie  Grit, 
which  oonsiste  chiefly  of  black  shales,  but  at  a  ctistancc  from  the 
limestone  correspoiiding  to  a  thickness  of  100  to  300  feet,  Mr. 
Tiddeman  finds  a  fairly  persistent  Ixxl  of  compact  almost  cherty, 
sandstone,  which  breaks  up  int^  cnbf»s  or  rli()iul)s .  this  l)and  is 
to  be  jsecn  at  intervals  from  liishopston  to  Llanrhidian.  X  higher 
horizon  of  sandstone  bedded  with  blue  and  black  shale  runs 

Si.raUel  with  it  irom  Pengweni  Fann  through  the  south  end  of 
illibion  PlanUition  and  bv  Paro-y-rhed3m,  but  not  east  from 
Bishojjston.  A  thinl  still  higher  sjindstone  runs  through  tho 
north  Liid  ol  Cil  Ifor  Top,  though  not  throui^h  tho  hi'jfliost  point 
of  the  bill.  This  rock  has  been  quarried  for  building,  and  certain 
beds  in  it  serve  as  frccsiom^s.  The  stiocespion  generally  presents 
but  Uttle  resemblance  to  that  of  the  North  Crop. 

North  Crop. 

Ml.  Tho  main  subdivisions  of  the  Millstone  Grit  have  been  mapped 

(Jtuitrili.  [yy  ^[f  Cantrill  through  the  arejv  surveyed  tins  year,  but  ni  a 
sfiirlitly  modiiied  form.  The  quartz-pebbles  in  the  bascTiient-grit 
l)ucumo  scarcer  westwards  and  almost  disappe^ir  near  Careg 
Dwfan.  At  the  same  time  bands  of  shale  tenu  to  como  in  near 
the  base,  and  Mr.  Cantrill  thinks  it  ixjssiblo  that  tho  radiolarian 
chcrtsf  may  be  found  in  a  black  shale  some  10  feet  above  the 
base  or  the  grit. 

Such  a  bed  of  shale  lias  been  exposed  near  the  Garn^bica  Level. 
It  is  10  feet  thick  and  cont^lins  lameUibranchs  resembling 
PnslfJonoiUf/a,  ostracoda,  and  plant  remains;  there  occur  also 
beds  which  look  like  rultcnstones  and  dycumix)se(l  cliert,  but 
between  it  and  the  Kottcustone  Beds  proper  there  are  some  few 
foot  of  quartz-grit.  Siiml»  shale-banos  occur  elsewhere,  so  that 
there  would  appc;ir  to  be  an  alternating  })assiige  up  from  tho 
Liuicstono  into  tbe  ^Tillstone  Grit 

The  middle  or  shaly  subdivision  of  the  Millstone  Grit  passes 
down  into  tbo  underlying  grits.  Tlie  Farewell  Hock  or  upper- 
most subdivision  runs,  a*;  a  thin  band  of  olive-brown  sandstone, 
south-westwards  of  Llundyfan  and  west  of  Llandybie. 

COAL  UEASURES. 

The  past  year's  work  in  the  Goal  Measures  has  lain  in  the  North 
Crop  between  Glanamman  and  Llandybie,  and  in  the  South  Crop 
between  Swansea  and  Llanelly,  including  the  north  side  of 
Gower. 


*Mem,  CM,  Surmj,  vol  L,  pw  134. 

tDeecribed  in  the  Summary  qf  Progrw  tof  ISOO,  pp  88, 69. 
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North  Crop. 

In  attcmptinLj  to  locate  the  hjuso  of  the  Coal  Measures  alonjjf  Mr»  CautriUL 
the  north  sido  of  the  Amman  \  alley,  between  Glananiman  and 
Amnianlurd,  much  ditliciilty  ha.s  been  encountered  throur^h  the 
prevalence  of  Boulder  (Jiay,  the  existence  of  obscure  ea^L  and 
west  rolk  connected  with  the  Tair  CSam  anticUne,  and  the 
occurrence  of  eeveral  faidts  belonging  to  the  N.N.W.  Sjnttem. 

The  lowest  or  Astell  vein,  which  at  Brynamman  serves  as  a  ' 
base  to  the  OoaX  Measures,  is  represented  passibly  by  a  small  vein 
which  crops  out  at  Bryn  Peciol.  Its  outcrop  probably  passes 
through  (Jyn<^hor(ly  ana  GljTidrciniog  to  Tvilwyd,  where  it  is 
thrown  north  wards  by  the  Nant-niain  or  Tyllwyd  Fault — a  large 
downthrow  west.  West  of  this  liiult,  however,  the  base  of  the 
Goal  Measures  is  conjectural ;  the  lowest  voins  known  being  tho 
group  formerly  worked  at  Tyllwyd  and  Brynlloi,  which  comprises 
probably  the  Little  Brass,  Middle  and  Lower  Veins  of  Brynamman. 
Some  1itf1o  exploration  lias  h<M»Ti  made  upon  flipso,  mI.so  a  little 
soutli  (*!  Garenig  l^'id<_'c,  but  west  of  tho  Gwm  (tarenig  Fault 
their  position  is  unioiown  ;  they  are  presmnably  thrown  north- 
wards and  probably  crop  out  imder  the  Boulder  Clay  on  tlie 
norlli  side  of  the  Amman.  The  parallel  &ult  of  Qlyn  Moch, 
which  runs  600  yards  &rther  west  and  is  also  a  downthrow  west, 
must  throw  them  still  farther  north,  for  the  Big  and  Brass 
Veins  crop  under  the  Boulder  Clay  between  Ynva-y-&wnen 
and  Aber-nant,  where  they  were  worked  at  the  Lfwyn  yrhfif 
Shaft  ;ind  Drift.  West  of  this  jioint  all  workings  iKtWLcn  tlio 
AmniiUi  and  the  axial  hne  of  the  Tair  Cam  antichne  cease. 
Some  veins  which  are  probably  low  in  Lho  Coal  Measures  crop 
out  and  were  formerly  worked  by  openworks  between  Glynhir 
and  Dre£ach ;  but  their  correlation  remains  doubtful.  The  same 
rwDB  shoidd  rise  acain  to  the  north  near  Llandyfan,  but  the 
pound  is  unprovett  as  far  west  as  the  Dinas  Fault,  near 
Llandybie.  Beyond  the  fault  the  lowest  veins  are  known  as  tho 
Piodau  veins. 

In  the  Amman  Valley  the  various  iroiLslones  and  coals — from 
the  Big  down  to  the  Brvnlloi — which  were  extensively  worked  at 
Glanamman  are  cut  on  by  the  Cwm  Garenig  Fault,  and  except 
at  Llwyn  yr  haf  are  unknown  between  this  fault  and  the  Bettws 
Fault ;  the  old  cropworks  at  Pontanmian  and  the  veins  at  present 
worked  in  tho  Ammanford  Colliery  not  having  yet  been  satis- 
factorily correlated. 

The  Red  Vein  formerly  worked  at  the  old  Cawdor  Colliery 
in  Cwm  Garenig  is  there  thrown  down  on  the  west  by  ihe  Cwm 
Garenig  Fault  into  tho  Amman  Valley ;  and  again  further  west 
^  tlie  Glyn  Moch  Fault  It  was  formerly  worked  at  Glvn  Modi 
dolliery,  and  the  crop  can  be  traced  easily  thence  as  mr  as  the 
Bettws  Fault.  At  the  Red  Vein  workings  of  the  Ammanford 
Colliery  Co.  a  clod  five  feet  thick  comes  in  in  the  middle  of  the 
coal  and  persists  westwards. 

Several  thin  veins  above  th<'  Hed  Vein  have  been  worked 
along  the  crops  on  the  high  ground  south  of  the  Amman  Valley. 
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Mr  CftDtriU.  Ono  of  these,  known  as  the  Butcher's  Vein,  has  been  traced  from 
the  Cwm  Garenijif  Fault,  nast  Waun-hir  and  tho  Bnt flier's 
Arms,  iiUi)  Cwm  Cathan,  wnerc  it  is  probably  the  Garn  Swllt 
Vein.  This  may  prove  to  bo  tho  reprosontativo  of  tho  Ynysarwed 
or  No.  2  Uhondda  Vein. 

South  Crop  and  Gower, 

Mr.  Straliau,  Field  work  durinp^  1901  was  carriotl  on  by  ]\Ir.  Strahan  in  the 
Coal  Mciisures  l)etweon  Lou^horand  Llanclly  and  in  the  northern 
part  of  Gower.  Tho  inclination  of  the  mcasnres  of  the  Sout  h  Crop 
IS  always  hi><h,  but  in  Go\yor,  not  far  from  tho  western  end  of  tho 
Coal  basio,  it  approaches  verticality,  and  is  accompamed  by  a 
number  of  extromely  sharp  folds.  The  steepest  <ups  and  the 
folding  occur  along  toe  outcrop  of  the  lowest  measures,  which 
arc  almost  wholly  composed  of  shale;  northwards  tho  inclination 
steadily  diminishes,  and  the  massive  sandstones  which  accompany 
the  Dunvant  Veins  are  not  only  free  from  folding  but  fomi  a  • 
rcj^iilar  outcrop,  interrupted  only  by  the  north  ana  south  faults. 
Still  farther  to  the  nortli,  after  passing  a  depression  duo  to  tho 
outcrop  of  tho  Penlan  Vein  andT  some  soft  measures  associated 
irith  it,  we  reach  the  dominant  feature  of  the  district,  an  almost 
continuous  range  of  hUls  formed  by  the  Pennant  Scries. 

Tho  Pennant  Series,  however,  of  this  jmrt  of  tho  coalfield 
dirtei*s  from  that  of  Monmouthshire  in  the  fact  that  its  upper 
part  includL's  several  valuable  seams  of  coal  and  thick  beds  of 
shale.  Thus  the  Hughes  gi-oup  of  coals  hes  about  500  yards 
below  the  Four-Feet  Vein,  which  we  take  as  the  top  of  the 
series,  and  crops  out  along  a  continuous  strike-valley  which  runs 
from  S^v:msea  to  near  Pendawdd.  Northwards  this  valley  is 
dominated  by  a  subordinate  range  of  s^indstone-lullsv  on  winch 
Wig-fawr  and  Allt-wen  nrc  situated,  and  tliis  again  is  succeeded 
by  a  nortlnvai'd  slo])o  in  which  the  Two-Feet,  Three-Feet  and 
Six-Feet  Veins  crop  out,  toirother  with  some  sul>ordinate  sand- 
stones. FimiUy  at  the  edge  of  the  low  ground  we  reach  the 
outcrop  of  the  Four-Feet  Vdn  and  the  top  q£  those  productive 
measures  which  we  believe  to  correspond  to  the  unproductive 
upper  part  of  the  Pennant  of  Monmouthshira 

Thus  far  the  dip  has  been  uniformly  to  the  north,  but  at  an 
always  diniiiiishing  fm;^do.  Tlie  l>cdsat  IcuLrth  hecomo horizontal 
under  tho  alluvial  flat  north  of  (  Jowcrton,  and  (hen  gently  rise  to 
form  a  low  anticline  which  runs  through  Mynydtl  Carn-i|och, 
I/ouglior  Upper  Town,  and  south  of  Broadoak  Colliery.  The 
form  of  tho  ground,  however,  corresponds  to  the  dip  of  the 
strata,  so  that  the  Four-Feet  Vein  keens  near  tho  surface,  with- 
out actually  cropping  out.  This  Broadoak  anticline  Lb  followed 
northwards  by  a  shallow  syiKjline  which  runs  nortli- west  wards 
under  Loughor  Common,  as  proved  in  old  workings  in  the  Four- 
Feet  Vein.  The  tract  \y\n^j;  north  of  the  R\Tich*nc  has  not  yet 
been  proved.  The  me.-i.surcs  strike  due  north  and  south  for 
about  two  miles  and  include  a  group  of  three  seams  known  aa 
the  Grovesend  Veins  besides  one  or  more  thin  seams  abova 
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There  is  much  doubt  whether  the  Grovosend  Veins  are  Ur.  StnUna. 
equivalent  to  the  scams  which  crop  out  at  Melin  Llan*  and 
Cfcllifn^-noro,  and,  therefore,  represent  the  Four-Feet  Seam,  or 
wliet her  they  lie  above  them.  The  Drift  of  the  Mountain  Colliery 
Wiis  commenced  in  the  outcrop  of  one  of  the  Grovosend  Veins 
and  then  piisscd  throuj^h  an  upthrow  fault  into  the  Four- Feet 
Vein,  which  was  extensively  worked  and  found  to  ditlur  in 
section  from  any  of  the  Grovesend  group.   This  would  soem  to 

Erove  that  tho  Grovesend  group  lies  above  the  Foiur-Foet,  but 
ow&r  above  is  not  known,  the  throw  of  the  fault  novor  having 
l>oon  proved.  On  the  otli  r  hand  the  (irnvcscnd  Veins  are  said 
not  to  matcli  any  of  tin  known  seams  which  lie  above  tho 
Four- Feet  in  the  neii^lil  ^urliood.  A  shaft  in  proq-ress  at  Cefn- 
Axdii  has  not  thrown  any  light  on  the  matter  so  far,  for  it  was 
commencod  a  few  yards  below  the  Grovosend  crop  and  has  been 
sunk  over  250  yards  without  |)roving  any  recognisable  seam.  If 
tho  Grovesend  seams  correspond  to  the  Four-Feet  Vein  and 
Rider,  the  Five-Feet  should  nave  been  found  in  this  shaft  at 
about  120  yards  depth,  and  tho  Six-Feet  at  about  250  yards 
depth.  Yet  if  they  ho  above  the  Fonr-l  V  et,  t  hey  can  hardly  be  so 
high  above  it  its  the  Cefn-Arda  shaft  seems  to  intlieiite,  for  it  would 
imply  that  the  fault  traversed  at  the  Great  Mountain  Colliery 
had  a  throw  of  not  less  than  200  yards,  in  which  case  it  should 
be  tnoeable  both  to  the  north  and  south  of  the  doubtful  rc^on. 

Two  seams  occur  above  the  Four-Feet  neiir  Loui^^hor,  namely 
the  Loughor  Little  Vein,  41  yards  above  it,  and  the  Feiiyscallen 
20.^  yarcb  above  the  little  Vein ;  a  third  which  is  not  known  to 
exist  near  Loughor  has  been  worked  to  the  west  of  the  Loughor 
Vein  under  the  name  of  the  Gelli  Vein ;  this  lies  188  yards  above 
the  Four-Feet,  and,  therefore,  corresponds  in  position  to  tho 
Drews  Vein  of  LI  an  samlet  and  the  liryncoch  Vom  of  the  Neath 
trough.  This  is  the  highest  vein  known  in  the  South  Wales 
Coalneld;  it  occupies  an  area  of  less  than  a  stpiare  mile  in 
extent  on  tho  east  or  downthrow  side  ol  the  Bryn-sorfyll  I'ault. 

The  sequence  ot  the  veins  in  tlio  LLinclly  district  corresponfls 
well  with  that  of  the  Swansea  district,  but  the  names  are  ditierent. 
A  correct  correlation  is  importjiut  in  estimating  the  number  of 
scams,  if  any,  that  are  likely  to  exist  in  the  Llanelly  district 
beyond  those  which  have  been  already  proved.  The  accompany- 
ing  table  gives  ^e  correlation  and  the  synonyms  so  &r  down  m 
the  series  as  tho  surveying  of  the  district  has  proccedoi.  It 
should  1)0  especially  noted  that  the  Four-Fcet  Vein  of  Swansea 
becomes  the  Kii;  Vein  of  P) rx  and  St.  David's  Collieries,  and  that 
the  FoTir-Fcet  Vein  of  those  Collieries  is  tho  Five-Feot  Vein  of 
Swansea. 


*  SftmoMiy  oj  TififftxM  for  1000,  p.  99, 
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lietuming  to  the  s^aiiis  in  aud  bolow  tho  I'uuuaiiL  Sorios  we  Mr.  StnUuui. 
find  that  the  Hughos  Vein  has  been  extensively  worked  from 
Swansea  to  the  shores  of  the  Louffhor  Estuaiy,  though  the  othor 
veins  which  belong  to  the  Hughes  Group  liavo  been  touched 
here  and  there  only.  The  mass  of  Pennant  rock,  which  Hcs 
below  the  ITughes  Group,  contains  tho  Cuckoo  Vein,  wliieh  has 
V>oeii  proved  nwir  Cockott,  but  seems  to  be  of  secondary  impor- 
t4\nco.  At  the  base  of  this  rock  the  Penlan  Vein  has  1  K>en  woi-ked 
at  intervals  from  near  Dunvant  to  Penclawdd  Eastwartls  it  runs 
near  Hendre-foilan,  but  is  then  lost  to  viow  under  tho  great 
mass  of  gravel  of  Skotty  and  Swansea ;  there  is  reason  to  bcfievo, 
however,  that  it  corresponds  with  the  Dvvatty  V«  in,*  and  is 
therefore,  the  nearest  equivalent  we  can  lind  to  the  Rhoudda  No. 
2  Scam. 

The  Penlnn  Vein  t'ornis  the  liii^diest  of  what  are  known  as  the 
Dunvant  Veins.  Ot  these  tho  most  pcrsistenl  are,  in  descending 
order,  tlie  Penclawdd  Big  Vein  (the  most  imnortant),  tho  Glam- 
mant  and  tho  GkQyd,  wlule  a  fifth,  known  as  the  Rock  Vein,  exists 
westward  only  of  Dunvant  The  Dunvant  ^oup  is  associated 
with  massive  sandstones,  the  Penclawdd  Vein  especially  having 
so  strong  a  rork  ulvovc  and  below  tliat  it  crops  out  along  the 
top  of  a  strike-hill  and  not  aloiij^'  the  lioLtom  of  a  strike- valley  as 
Wiis  the  cjiso  with  the  IIu|,dies  and  others.  These  ma.Si>ive  sand- 
stones  no  doubt  corrospund  to  tho  Llynli  rock,-]-  which  is  associated 
further  east  with  the  Tormynydd  Vein. 

The  Dunvant  Veins  crop  out  close  to  the  station  of  that  name 
and  run  thenoe  to  the  sea  near  Penclawdd,  their  position  being 
marked  by  numerous  old,  as  well  as  recent,  crop-workinrfs.  'ITieir 
position  under  tho  '.gravel  of  Sketty  and  Swansea  has  never  been 
ascertained,  nor  indeed  in  any  part  of  Swansea  Bay  except  in  tho 
shore  of  Baglan  Bay. 

^  From  the  Dunvant  rocks  downwards  tho  CoaX  Measures  con- 
sist chiefly  of  shal6-<-a  fact  which  has  contributed  to  the  plication, 
and  which  renders  the  unravelling  of  the  structuro  extremely 
difficult.  One  well-marked  group  of  sauns  traverses  the  whole 
peninsula  from  Clyne  to  Glan-Morlais ;  it  includes  the  following 
seams  in  descendmg  order: — The  Fro<jj  Line,  the  Big  or  Six- 
Feet,  the  Yankee,  the  Four-Feet  and  the  Three- Feet,  the  thick- 
ness of  measures  between  the  Frog  Lane  and  Three-Feet  \'uuis 
amounting  to  119  yards.  The  co&  of  the  Glan-Morlais  group 
are  hig^hly  bituminous,  and  are  now  worked  at  and  east  of  Glan- 
Morlais.  In  Clyne  Wood  where  they  wore  worked  a  few  years 
ago  they  are  said  to  have  been  too  soft  to  be  of  much  value. 

Tho  sharp  folding  which  hns  !)een  allndc<l  to  as  occnrrin^j^  in 
the  lower  measures  aifects  the  Crlan-Morlais  i^roup.  Thoui^h  tho 
outcrops  are  regular  from  Glan-Morlais  fur  alx>iit  a  mile,  they 
become  untraceable  near  Pen-llwyu-Uobert,  and  the  reason  is 
apparent  in  the  workings  of  tho  Morlais  Vale  Colliery,  whoro  tho 
vems  have  Ijcen  thrown  into  a  series  of  steep  cast  and  west  folds. 
Similar  folding  is  seen  between  Killay  and  fifuoiblos  Road 
Stations. 

*  Smmary  of  Progrew  for  1000,  pp.  93, 94w 
t  Summary  o/Progre$»  for  1900^  p.  94. 
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Mr.  Strahfto.  Some  disUinco  below  the  Glan-Morlnis  cfi'oup  wc  come  to  the 
Fiirm  Vein  which  has  bccu  worked  north  and  north-west  of 
Worn-ffrwd,  and  is  suid  to  bo  3  feet  0  inolics  thick;  and  the 
Lynch  Rider  and  Lynch  Vein,  which  is  sitid  to  bo  2  feet  G  inches 
thick.  These  were  worked  a  fow  years  ago  at  Wcrn-flrwd,  and 
westward  from  that  plaoo  the  outcrops  are  marked  by  oontiiiuous 
old  workings  for  about  a  mile,  the  dip  being  always  high  and 
sometimes  reacliing  verticahty.  Those  veins  are  not  con- 
timinnsly  traceable  across  the  poninstiln,  for  the  strata  are 
intensely  squeo/'  d  .ind  tb(^  Diitciops  liave  not  the  regularitv 
wbif'b  (ibaraetensi"  those  ot"  tlie  Pcniiaiit  Abmsures.  In  suhio 
places,  as  liappens  with  the  Farm  and  Lynch  V  eins  near  JUallt,  two 
outcrops  approach  so  closely  that  it  is  evident  that  many  strata 
have  been  squeezed  out.  Compensation  is  found  close  by  where 
the  ontcrops  diyerge  to  more  than  their  normal  distance,  the 
extra  intervening  space  in  such  a  case  being  filled  up  by- 
plications. 

The  Lynch  Vein  is  the  lowest  known  seam  in  Gowor.  It  is 
succc(m]('(1  (lowTi wards  by  thick  shales  with  an  occiisional  bed  of 
sandstone,  but  it  is  not  till  we  have  travelled  500  yards  south 
from  the  Lynch  Vein  that  we  see  any  noteworthy  outcrops  of 
the  harder  rock.  These  form  a  long  strike  ridge  on  which  Dan- 
Elen  stands,  and  run  along  the  northern  margin  of  Clyne  Com- 
mon to  near  Clyne  Castle.  They  have  snared,  however,  in 
the  plication,  and  both  in  Clyne  Park  and  nlonu:  the  valley  north 
of  it  they  have  been  doubled  np  into  a  series  ot  sharp  synclines 
and  anticlines,  a  fact  which  combined  with  the  scarcity  of 
sections  makes  it  impossible  to  trace  their  outcrop  across  the 
peninsula  with  precision.  These  sandstones  we  take  as  the  top 
of  the  Millstone  Grit,  bnt  it  should  be  understood  that  the 
separation  of  the  Goal  Measures  from  the  Millstone  Grit  is  purely 
aroitvary.  It  is  founded  neither  on  palieontoloq'ical  evidence  nor 
on  any  marked  Uthological  dist  inction,  but  is  adopted  to  bring 
the  sequence  in  Gower  into  accordance  with  tlic  sequence  else- 
where. Tiiat  the  grits  of  the  MilLsLune  Grit  are  represented  by 
the  shales  in  Gow^  is  certain ;  but  by  how  mucn  of  them  is 
doubtful  The  Llan-Elen  sandstones  form  a  convenient  horizon 
for  mapping  purposes,  and  not  improbably  represent  the  Fare- 
well Rock  of  other  regions. 

The  coals  of  the  rco^on  described  above  arc  all  bituminous, 
though  the  measures,  from  tbo  Tenlan  Vein  downwards,  corre- 
spond to  the  measures  of  the  North  Crop,  in  which  all  the  seams 
are  anthracitic 

A  number  of  normal  norih  and  south  feults  cut  across  the 

cast  and  west  folds  of  Gower.  They  can  rarely  bo  traced  far, 
though  locally  their  throw  may  be  larga    The  Dimvant  Fault, 

for  example,  tnou-^di  larLTc  at  Dmivant,  is  non-existent  at  Bishwcll, 
though  It  may  turn  westwards  and  join  the  AlUwen  Fault. 
Several  faults  have  been  proved  in  the  Pcnclawdd  Vein  near 
KiJluu-fawT,  the  largest  being  a  downthrow  west  of  99  yards. 
These  faults  break  through  the  crop  of  the  Hughes  Vein  also,  and 
one  of  them  has  been  proved  in  the  Four>Feet,but  it  is  questionable 
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whether  they  can  l»c  identititxl  near  Loui^lntr.  Tn  that  neitjli-  Mr.  Su-Ahiui. 
bourhood  three  fauit4»  are  known  to  exist ;  one  was  cios^ied  in  the 
Mountain  Colliery  referred  to  above ;  a  second  was  proved  in 
the  Penj^rys  Pit,  and  is  estimated  to  be  a  downthrow  west,  of 
120  yaids,  from  a  consideration  of  the  difference  of  level  of  the 
Foiir-Feet  Vein  at  Broad  Oak  and  Loughor  Upper  Town ;  the 
third  is  a  dowiithrow  east,  reputed  to  amount  to  200  y-^i'l^. 
which  has  been  touched  under  the  estjiary  of  the  Loucfhor  above 
Tx>ughor  Bridge.  Tins  is  approximately  in  line  with  a  fault 
which  cuts  all  the  outcrops  from  the  Hugnes  to  the  Gleily  tl  near 
Berth  Uwyd  in  Qower,  but  which  is  a  downthrow  west  Cn  others 
mention  may  be  made  of  a  fault  of  120  yards  downthrow  west, 
which  has  been  traced  from  the  Penlan  Vem  at  Trinity  Church  in 
Penclawdd  to  the  Big  Vein  near  Glan-Morlais  Station.  In  the 
Llanelly  District  the  principal  north  and  south  faults  are  the 
Bryn-Sorfyll  and  the  Box  Bar  Fault,  both  large  downthrows  to 
the  east. 

TRIAS. 

The  occurrence  of  Triiissiu  outliers  in  Gower  has  long  been 
anticipated,  *  but  not  proved  until  the  past  year.  The  anticipa- 
tion was  founded  on  the  existence  of  a  hi^h  level  plane 
apparently  of  marine  denudation,  sufficiently  obvious  to  the  eye 
whvn  on  a  level  with  it,  but  especially  significant  when  it  is 
reali.sed  that  it  is  composed  of  hiL^^lily  inclined  strata  of  widely 
dili'erent  hardnes.s.  Many  of  the  veins,  moreover,  in  the  lime- 
stone had  served  as  conduits  for  a  red  stain,  while  some  eontaine<l 
lucnaatite,  strong  evidence  of  the  former  exisleiice  of  Trias  not 
&r  overhead.  Two  occurrences  of  Trias  may  now  be  recorded. 
At  Port  Eynon  an  excavation  from  which  shale  was  raised  for 
the  manuracture  of  paint  has  disclosed  the  edge  of  a  massive 
Triassic  coiiglom crate,  which  is  described  by  Mr.  Wilkinson  iis 
follows: — "  llie  conglomerate  rests  uj)on  almost  vertical  black 
singles  belon^ng  to  the  Bishopston  Series  and  lower  part  of  the 
Millstone  Gnt.  The  matri.x  is  pmkish,  and  in  places  of  a  soft 
clayey  nature ;  the  boulders,  which  are  large  and  abundant,  have 
been  derived  chiefly  from  the  Carboniferous  Limestone,  but 
include  many  of  black  and  grey  chert,  derived  no  doubt  from  the 
shales  above  the  limestone.' 

The  other  Irreality  referred  to  lies  some  distance  farther  west. 
The  Trias  occurs  in  a  swallow-hole  or  chasm  in  the  Hmestone,  due 
to  collapse  alon^  a  line  of  fault.  The  rock  is  a  deep-red  sandy 
marl,  variegated  with  sjjots  and  strwiks  of  green.  In  it  are 
imbedded  masses  of  limestone  and  calcspar  fallen  from  the  walls 
of  the  chasm,  which  obviously  was  open  and  tmdergoing 
enlargement  in  Triassic  times.  A  somewhat  similar  case  was 
recorded  in  the  Svmnwi'y  of  Proffrees  for  1898,  p.  134. 

RAISED  BEACH. 

The  sequence  of  deposits  a.ssociated  with  the  Raised  Beach  of 
Gower  was  described  in  the  /Summary  of  Progress  for  1899, 

pp.  154,  155     Dnn'ntr  tlie  |>:isf  year  the  snmc  sequence  has  heen 

•  See  Tftwncy,  P>w.  Brittat  Xat  Si>c.,  Ser.  2,  vol.  i,  p.  166. 
6148  B 
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Mr.  StrdiMi.  observed  by  Mr.  Wilkinson  on  tho  north  coast  between  Burrv 
Holms  and  Hills  Tor  and  on  the  south  side  of  the  Worms  Heaa. 

Here  the  bojicli  is  liltlc  below  the  50  feet  contour,  but  between 
Tciifs  Point  and  Mt  wsladc  Iky  it  is  not  more  than  15  or  20  feet 
above  soa-hn  cl,  Avhilc  fioiii  Overton  Mere  to  Oxwich  Point  it  lies 
just  above  high-wator  mark. 

GLACIAL. 

In  an  examination  of  the  Glacial  phenomena  of  South  Wales, 
til*'  ftct  that  the  Brecknock  Beacons  formed  an  ice-part inc^ 
claimed  early  attention.  Thou<;h  ItouldtTs  derived  from  them 
arc  distributed  freely  over  parts  of  Mniiui«»iithshire  and  Glamor- 
^mshire,  no  rocks  from  tarthcr  north  found  their  way  across 
tnent  lAter  on  a  similar  observation  was  made  with  reepect  to  the 
Pennant  escarpment  which  culminates  in  Carn  Mosynatabcight 
of  neiirly  2,000  feet  From  this  also  boulders  were  carried  in 
abuiulanno  .southwards,  though  none  sTicccedcd  in  crossing  it 
from  tlic  Tinrth.  The  escarpment,  together  with  others,  therefore 
played  tiic  part  of  a  subsidiary  ice-parting',  for  it  ))y  no  means 
formed  the  northern  limit  of  glacial  action,  but  merely  acted  jus 
a  local  obstacle  to  the  southward  movement  of  tho  Brecknock  ice, 
at  the  same  time  that  it  gave  birth  to  a  small  flow  of  its  own. 
Recent  work  tends  to  show  that  the  Brecknock  Beacons  them- 
selves played  a  similar  part  with  reference  to  the  glacial  system  of 
Wales,  thouL,di  on  a  hr'j^Qr  srnlc. 

The  rarii^c  lorincd  liy  the  Brecknock  Beacons,  the  (Virmarthcu 
Fans,  and  the  Black  Mounl^iiiis,  diniiiiishes  in  height  westwards, 
until  in  tho  region  now  under  exanunatiou  the  escarpments  of 
Lower  Carbonuerous  Rocks  and  Old  Red  Sandstone  rarely  exceed 
GOO  feet  in  height,  while  the^r  are  traversed  by  valleys  or  cols 
de.seending  to  400  or  500  leet  Jibovo  the  seji,  and  one  valley, 
followed  by  the  railway,  descending  to  200  fecL  In  the  same 
region  the  vallov  of  tho  Carmarthen  Towy  takes  its  course  along 
the  northern  side  of  the  range,  and  at  no  <^rGi\t  distance  from  it, 
tlie  bottom  of  the  valley  being  about  00  or  70  feet  above  the  se«i. 
Notwithstanding  this  ditt'crence  in  level,  Mr.  Cantrill  has  fouud 
repeated  proof  ooth  in  the  direction  of  the  stiiie  and  in  the 
dispersal  of  boulders,  that  the  ice  mounted  the  escarpment  and 
passed  over  it  southwards. 

The  ice  which  occupied  the  Towy  Valley  tnivelled  down  tliat 
valley  westwards  as  a  wh'>le,  and  the  faet  that  a  j>art  was  driven 
across  the  eseiirpment  stiuth wards  can  he  explain^  *^iily  on  the 
supposition  that  tho  valley  was  tilled  to  overtlowing,  and  that  a 
region  in  Central  Wales,  of  which  the  glacial  phenomena  are  as 
yet  unknown,  was  buried  under  ice  of  great  thickness. 
Mr.  C«nttill.  observations  upon  which  these  conclusions  are  founded 

have  been  made  chiefly  by  Mr.  Cantrill.  He  reports  as  follows: — 
Tl»o  !cc-move!Ti(mt  was  parallel  to  the  main  features  with  a  ten- 
dency toswini;  sout  hwarrls  when  approaching  a  c^ap  in  the  Tilestono 
ridge;  thus  the  stria?  near  Cihnaenllwyd  pomt  S.  52°  W.,  but 
nearer  to  the  gap  of  the  Cennen  V  alley  they  change  gra<lually  to 
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S,  20*  W..  Moreover  luuch  Silurian  dotritus  occurs  in  the  Mr.  Caiitiill. 
Boulder  Gky  which  OTerapreads  the  outcrop  of  the  Old  Red 

Sandstx)iie  in  theOennen  Valley,  though  very  few  boulders  of  the 
Old  Red  SaudBtonc  can  be  found  on  the  Sihirian  outcrop.  Ljistly, 
a  limestone  quarry  half-a-niile  south  of  Ffciirfjv  li  shows  the  edges 
of  the  beds  turned  towards  the  south,  as  thoui^h  l)y  the  passage 
of  ice  up  the  valley.  It  is  clear,  therefore,  tliat  the  main  move- 
nient  was  from  the  north-east,  and  was  duo  to  a  great  accumulation 
of  ice  in  Central  Wales. 

Evidence  of  similar  movement  has  been  ol. tinned  l)y  Mr. 
Cantrill  on  the  Millstone  Grit  scarp  between  the  Ccnnen  and 
Louffhor  Valley,  near  Lland}rbia  Car«ff-D w&n,  926  feet  in  height , 
ha»  been  striated  by  ice,  which  crosseif  it  from  the  north-oast,  on 
its  way  to  the  Loughor  Valley.  A  flow  passed  also  through  the 
Millstone  Grit  gjip  .it  Llaiidyhie,  but  wa.s  deflected  by  the  load 
configuration  to  a  direction  S.  1  :>  K.  The  high  Penmint  swirp, 
south  of  the  Amman  Valley,  was  over-ridden  by  ice  forced  south- 
wards, a  fact  which  explains  the  occurrence  of  many  Old  Red 
SandBtcme  and  limestone  boulders  in  Cwm  Cathan,  and  of  an 
abundance  of  fragments  of  Silurian  mudstones  in  Nant  Ffin,  at  a 
distance  of  six  or  seven  miles  from  the  nearest  SHurian  outcrop. 

Mr.  Cantrill  notes  also  the  occurrence  of  conspicuous  masses  of 
gpnaTels  of  late  glacial  age,  where  the  Cennen  leaves  the  strike- 
valley  west  of  Trapp,  and  debouches  upon  the  broad  north  and 
south  valley  followed  by  the  railwnv.  Tliese  gravelr.  have  lu  efi 
derived  from  the  Cennen  V'alley,  but  take  a  moundy  ibrm  whieb 
is  not  observable  in  river-terraces  formed  under  exist  inuf  eondi- 
tions.  They  were  probably  the  work  of  etiUienUs  from  the  ice- 
sheet,  during  a  late  period  in  its  existence.  From  the  fact  that 
they  extend  south%vards,  it  seems  probable  that  the  effluents  took 
that  direction,  and  not  the  northwiud  course  now  followed  by 
the  Cennen. 

To  the  west  of  Swanseii  ibore  is  a  great  development  of  Strohan. 
mounds  and  ridges  of  gravel.  Tlie  deposit  covers  the  whole  of 
the  slopes  extending  from  the  shore  to  the  foot  of  the  Pennant 
scarp,  nor  has  its  base  ever  been  rcjiched,  either  in  the  lower 
part  of  Swansea  or  near  Sketty.  Clyne  river  has  cut  through 
it  to  the  Coal  Measures,  and  the  rock  crops  out  in  the  fore-shoro 
at  Liliput,  in  both  cases  near  the  western  limit  of  the  gravel 
tract  Part  of  the  deposit  is  a  tumultuous  assend^lage  of  well- 
rounded  boulders  up  to  6  or  8  inches  in  length,  imbedded  in  a 
gravelly  matrix,  but  the  deeper  sections  usually  reveal  rou'ddy 
stratified  sand  and  gravel ;  in  an  old  brick-])il  near  Clyiic  ColHery 
the  gravel  is  associated  with  a  deposit  consistin.:  <>f  nllenial  ions 
of  tine  sand  and  laminated  ioain,  such  a  sediment  ius  would  be 
formed  in  tmnquil  water  into  which  sediment  was  being  poured 
rather  copiously.  The  gravels  have  been  thrown  down  everywhere 
in  hummocks  and  ridges,  enclosing  liollows,  and  the  character  of 
the  laTrn'nated  deposit  suggests  that  it  was  laid  down  in  one  of 
these  hollows;  glaeinl  conditions  still  prevailed,  however,  for  the 
loam  was  subsequently  buried  under  a  few  feet  of  l;k>\Uder  Clay. 

£2 
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Mr, 

Tuldcinain. 


Mr.  HtTOhaD.  Tho  boiildors  of  tho  Swansea  and  Sketty  gravels  include,  in 
order  of  a) nil ulauoe,  Coal  Measure  grits,  white  pebbly  grits,  and 
Old  lied  Sandstone.   That  the  material  was  aenved  from  the 

Nortli  (Vop.  by  way  of  the  Swaiiscii  Valley,  seems  certain,  btit 
the  soiin  t;  (»f  the  ))f}il)ly  qrit??  is  open  to  doubt.  Sonu-  iiiuuh 
rcscmbie  tlie  pebbly  Silurian  passage-bods,  but  they  have^'ieldcd 
no  fossils. 

The  gravel-ridges  generally  run  parallel  to  the  Pennant  escarp- 
ment, but  a  few  large  hummocks  mt  out  from  the  hiUside  m 
a  southerly  direction,  as.  for  example,  on  either  side  of  the  valley 

running  do\vTi  from  Cockctt  to  Sketty.  Both  at  Swansea  and 
Llanelly  the  direction  of  transport  seems  to  have  had  a  strong 
westward  trend,  wherever  the  Ioc,tl  contii^niration  of  the  ground 
|jeriiiitted.  The  spit  of  land  which  projects  iuLo  the  estuary 
south  of  Llanelly  owes  its  existence  principally  t^)  a  mound  of 
glacial  gravel,  and  to  a  shingle-ridge  derived  from  it  A  cliff, 
about  GO  feet  high,  shows  a  very  ooarse,  roughly  stratified  gravel 
with  beds  of  sand,  contorted  in  places.  The  boulders  range  up 
to  2  feet  in  length  antl  tlic  fis.scnil)lago  resembles  that  of  the 
Swansea  LTravel.  A  li<»ro-hole  put  down  on  the  eastern  slope  of 
the  moinni  is  said  to  have  nassed  through  120  yards  oi'  loose 
material  before  reaching  solid  rock.  Sevenil  other  gravel-mounds 
project  through  the  alluvium  between  Llanelly  and  Loughor 
Bridge,  in  a  tract  on  which  the  mining  information  has  not  yet 
been  collected. 

Strifttions  on  rock-in-place  are  scarce  everywhere  near  the 
soniliern  margin  of  glaciation.  The  southernmost  stria  -  oh^LTvetl 
during  the  past  year  occur  in  a  quarry  at  iUlt,  near  Llani^'cnnech 
(Slieet  2:]0).  They  range  W.  35*  S.,  and  noint  clearly  to  the  ice 
havin«ir  had  a  more  westerly  trend  than  nj\s  the  Loughor  Uiver. 
Nono  nave  been  found  in  any  part  of  €k>wer,  though  striated 
boidders  are  common. 

A  lon«'  crescentic  ridge,  on  the  ion  of  an  east  and  west  hill  on 
Welsh  ^loor.  is  described  by  Mr.  Tiudeman  kiH  looking  like  the 
t<^niiinal  niai  k  of  a  glacier  or  ice  sheet,  momentarily  advaneing 
during  its  retreat  northwards.  Tiie  Ciist  and  west  arrangement 
of  mounds  uf  gravel  and  Boulder  Clay;  between  Killay  and  Fair- 
wood  su^'^cst  the  same  kind  of  action.  But,  on  the  other  hand, 
he  consiaers  the  gravel-mounds  at  the  confluence  of  several 
streams  above  Bishopston  to  have  more  probably  been  due  to 
the  action  of  glacial  strciuns  on  the  material  brought  by  the  ice- 
.sheot.  As  throwing  light  on  the  direction  of  transjxirt  Mr. 
Wilkinsoti  notes  that  honldrrs  ol  Old  Rod  Sandstone  are  far 
more  numerous  on  the  .south  than  on  tho  north  sides  of  the  hills 
fornietl  by  that  rock.  To  this  may  be  added  the  fact  that  Cinil 
Measure  detritus  abotmds  in  tho  Drift  far  to  tho  south  of  the 
base  of  that  format  ion. 

Some  (jf  tho  prift,  and  especially  the  lowest  part  of  it,  is  of 
strictly  loc^d  origin.  Thus  m  the  line  section  of  Rhossili  Bjiy 
there  rests  irnmediatrely  upon  the  limestone  an  accumulation 
connx».sed  almost  wliollv  of  liinestone-fragnients,  while  above 
this  again,  wiih  a  fairly  <letiiiite  base,  comes  a  mass  of  gravel  in 


Mr. 

Wilkinaon. 


.Mr.  Stiiilian 
and  Mr. 
Wilkiomp. 
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which  well-rounded  far-travelled  boulders  of  Coal  Measures,  Old  ^^r.  strahan 
Red  Sandstone,  &a,  predominate.   Again,  in  the  (  (  utre  of  the^y]^^^ 

bay  til*'  eliff  is  composed  of  f>o!ild»Ts  den vc<l  from  the  hill-slope 
abcive,  hilt  close  })y,  to  the  north  and  south,  the  Orift  of  more 
distant  origin  comes  in  on  top  of  the  purely  local  material  Ft 
is  worthy  of  note  that  this  mass  of  lowu  Drift  Ues  just  opposite  a 
hollow  in  the  hillside. 

Several  large  domes  of  stratified  sand  and  gravel  have  been 
noted  by  Mr.  Wilkinsoa  From  the  general  gravelly  character 
of  the  Boulder  Clay,  especially  near  the  sur&ce,  there  Ls  always 
much  difficulty  in  sepuuting  it  from  the  sand  and  gravel 

ECONOMICS. 


'i'lio  trrouiul  siu'veycd  during  the  past  year  is  almost  wholly  Mr.  8tn1iaii. 
]>a.sturo,  but  little  more  land  on  each  fnnn  being  kept  uiKler  the 
plough  than  is  necessary  tor  the  want.s  of  t  he  farmer.  The  soil 
yielded  by  the  Glacial  Drift,  whether  of  the  type  <listingui.shed 
as  "  Boulaer  CJav/'  or  that  as  "  Sand  and  Gravel/*  may  all  be 
classed  as  gravelly.  There  is  a  considerable  area  of  salt  marsh 
in  the  estuary  of  the  Loughor  whif-h  is  vahiabic  iis  pasture,  and 
the  gathering  of  cockles  in  the  tidal  sjinds  beyond  constitutes  an 
imjx>rt«iiit  industry.  Parts  of  the  Millstone  Grit  and  Penuam 
Grit  outcrops  consist  of  mountain  land,  but  such  tracts  are  fur 
less  extensive  than  in  the  centnd  parts  of  the  cualtiuld.  The 
steeper  slopes  of  the  hills  are  utilised  for  the  growth  of  pit 
dmoer. 

Among  economic  products  apart  from  coal  may  be  mentioned 

the  Carboniferous  Limestone  Durnt  at  Llandybie  and  Oyster- 
mouth  (both  white  and  so  called  "  Black  Lias  "  limestone),  and 
the  Llandilo  Limestone  at  Llandilo.  Building-stone  is  obtained 
chiefly  from  the  Pennant  Grit,  at  Pen-y-Fan,  Dunvant,  and 
Cockett ;  and  paving-stone  from  a  cjuarry  lx,t  \vocn  IJanelly  ami 
Felin  Foel.  The  THestones  were  formerly  quarried  for  roofing. 
Clay  for  puddling  is  dug  on  the  foreshore  at  Swansea,androtten- 
st^nic  is  worked  to  a  small  extent  m  the  Upper  Limestone  Shales 
of  the  North  Crop,  but  a  more  important  industry  consists  in 
the  cpiarryinn;  of  tnc  more  purely  siliceous  bands  in  the  Millstone 
Grit  at  Carn  Bica  for  the  manufacture  of  tire-bricks  at  tlie  Bynca 
Brick  Works  near  Llanellv.  "Plastic  clay."  an  inipalpal>ly  tine 
siliceous  sand,  is  worked  by  level  near  the  sjinie  place.  Mill- 
stone Gfit  shale,  stained  purple  or  red  by  infiltration  from  Trias, 
used  to  be  ground  up  and  made  into  pfunt  near  Port  Eynon. 

4.  Examination  of  New  Railway  and  other  Sections. 

aoteh  on  a  new  railway  1>      i  use  of  constuuction 

BETWEEN  AXMINSTEli  A\D  LYMK  iiEGIS. 
BY  H.  R  WOODWARD. 

The  railway,  which  is  a  "  UlcIiI  "  one,  starts  frojn  the  main  lino 
of  the  London  and  South- Western  Bailway  a  little  south-west 
of  Axininster  station,  and  at  an  elevation  of  about  ninety  feet. 
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Mr.  Wood-   It  f()ll<nvs  a  serpentine  course  to  Combe  Pyne  Hill,  attaining  an 
w»n*-         olovation  of  al)oiit  415  feet,  and  after  passing  through  Uplymo, 
terminates  to  the  north-west  of  Lyme  R^ia  at  an  eleT&tion  of 

about  240  feet. 

In  a  shallow  cutting  by  tlio  main  line,  valley  gravel  was  seen 
to  rest  irregularly  on  the  Keuper  MarL  The  gravel  consists  for 
the  most  part  of  rough  flint  and  chert  stones,  with  pebbles  of 
quartz  ana  dark  grit  Stones  occur  some  wav  dowr  in  the 
Reupcr  Marl,  having  probably  descended  througn  cracks  formed 
in  dry  weather  ;  but  hm  ana  ferther  on  there  arc  evidences  of 
considerable  soil  movements  and  small  landslips  which  have  led 
to  the  incorporation  ot  gravel  with  red  marl. 

Thus  by  tlie  orchard  south-west  (it  Shools  Fann  there  was  an 
interesting  soet.ion  of  the  valley  drift,  a  good  deal  disturbed,  and 
showing;  ^Yel  with  paytches  and  ban&  of  red  Keuper  llarl, 
which  m  uie  re-arranged  condition  showed  httle  or  no  variega- 
tion, (Fig.  1.) 

Below  the  railway  by  Abbey  Gate  Bridge  the  road-cutting 
showed  pockets  of  gravel  in  the  red  and  variegate  Keuper  Marl. 


FifjT  1  Section  <onth-we8t  of  Shoola  Farm  uear  Axiainster, 
4.  Soil  aud  hnudy  l<»ura.  2.  Red  marl  witbstoaeB,    \  8  to 

3.  Gravel  with  patch  of  red  marL      1 .  Clayey  giavel.  /  9  feet. 

a  feature  perhaps  due  to  the  effects  of  subterranean  stream 
erosion. 

Southwards  a  broad  patch  of  gravel  extends  to  near  Bean 
Close  Coppice,  where  grey  and  greenish  marls  appc<ir  above  the 
red  aiul  variegated  Kcupcr  Marls,  forming  the  passage-beds  into 
the  Hha  tic  lunmtliun.  ^ 

By  ihc  bend  of  the  railway,  north-east  of  Great  Trill,  a  striking 
section  was  displav  ed  of  inclined  and  banded  red  and  variegated 
Keuper  Marls  witn  overlying  and  partially  interbcdded  gravel— 
an  arrangement  evidently  due  to  the  slipping  of  a  mass  of 
ground,  an(l  during  the  process  sonic  slight  t:udts  were  prodiKuxl 
m  the  Keuper  Marls,  which  have  a  north-westerly  dip.  The 
featui'  s     (  UY  on  the  spur  of  a  hill.    (Figs.  2  and  8.) 

FurilH  i  south,  near  South  Ground  Linhay,  there  is  a  cvitting 
in  the  Keuper  Mark,  comprising  red  and  variegated  marls  and  a 
conspieuous  band  of  hard  pale  marl,  overlain  by  grey,  green,  and 
red  marls,  and  higher  up  oy  grey  marls. 
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Tlicse  strata  were  hollowed  out  on  the  eastern  hank  of  tlie  Mr.  Wood- 
cutting to  a  dc|)th  of  20  to  25  foot,  nearly  to  the  level  of  t)io 
railwa}',  the  cuttini^'  heinLT  ;i^>ont  liO  feet  deep,  and  in  the  hollow 
was  a  nmss  of  sand  and  chert  detritus  derived  from  the  Upper 
Gfeensand.  On  the  western  bank,  towards  the  iralley,  where  the 
cutting  is  lower  (18  to  20  feet  deep)  there  was  a  wider  spread  of 
Greensaad  debris,  and  the  Keuper  Marls  showed  eviaence  of 
slight  antidinal  disturbance,  which  may  have  been  due  to  the 
breakinL'  away  of  a  imxss  of  Greensand  from  the  uplands  of 
Trinity  HiiU  on  the  east.   (Figs.  4  and  5.) 

North  vde. 


Soatb  side. 


Figs.  2  and  3.   Hailway-cutting  north-east  of  Great  Trill  near  Axminster. 
S.  Gravel.  \  rr   .    ,„  f  . 

1.  Keaper.  Bed  marl  with  bauds  of  green  marl.  /  ^  P  t» 

In  followiiii^'  tli«'  railway  towards  Ncwiands  Coppice  the 
cutting  (in  course  of  constmction)  showed  pahj  and  tiark  qroy 
marls^  with  irregular  patches  of  chert  detritus.  By  the  Coppice 
there  was  a  trace  of  black  clay,  evidently  a  portion  of  the  Buctic 
(^vicu^^t-con^orto)  Shales,  as  the  soil  above  contained  fragments 
of  White  Lias. 

To  the  south-east  of  Newlands  Faun  there  is  a  long  cutting 
from  10  to  25  feet  deep  in  red»  brown,  gre)r,  and  gn  i  iush  sands 
of  the  Upper  Grecnsiind,  CJippod  most  irregularly  hy  cht;rt 
detritus.  Irregular  broken  l>  in'ls  of  chert,  moreover  ;()i]M\irt'd 
at  various  levels.  Here  uiKjuesiiouably  the  Uppef  liici  iisand, 
whii  h  cuiiipiisos  sands  with  bunds  of  chert  of  varying  thickness, 
hatl  been  disintegrated  by  the  action  of  the  weather,  and  the 
mass  had  been  aifectod  by  a  certain  amount  of  laud-slipping. 
Further  on  by  Hartgrove  Farm  there  was  much  rough  chert 
detritus  resting  on  the  Greensand. 

A  different  deposit  was  exposed  to  the  south  of  Hart^vrove 

Farm,  being  reddish  brown  loamy  clay  with  angvdar  and  unworn 

flints,  10  or  I'i  feet  think.  This  may  Ixjlonjjf  to  the  beds  noted 
further  on  l)y  ConilMi  Tyne  station.  In  the  intermediate  ground, 
comprisini(  moorland  and  [)laiitations,  the  Upper  (rrwusand  was 
expos©«l  in  places,  but  the  land  was  fur  the  most  part  covered 

wiUL  angular  chert  detritus,  or  "  run  of  the  hill "  from  the  high 
ground  of  Shapwick  Hill  on  the  east 
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y\T  Wood*  Etatsade. 


ward. 


Figa  4  and  5.    S(  <  tions  near  South  Ground  Linhay,  south  of  Azminster. 

2.  Df'fn  ls  <\i  rpper  Cirecnfanil    -mid  and  chert. 

1.  lied  and  variegated  Keui>er  Marl  with  baud     hard  italc  umrl. 

Where  the  ruilwuy  cuts  the  northern  i>iirt  of  Combe  Pyne  Hill, 
a  cutting  (not  completed)  showod  3  or  4  feet  of  loamy  nint  drift 

restiuf'  on  5  or  U  feet  of  irrcguliir  and  disturbed  pipe-clay, 
whitish  and  pinkish  in  colour,  and  with  black  (routings  on  the 
joints,  in  irrovrular  pock<^ts.  and  on  i»id>oddrd  stones  of  flint  and 
quartz.  The  black  coating  wji.s  deterniincd  by  Dr.  Pollard  to  be 
man«Tano«o-nro.  The  stones  occuiTcd  in  a  band,  the  (juartz 
pehblcs  varying  in  size  from  tliat  of  a  pea  to  l  inch  in  diameter. 

The  appearance  of  those  doposils  suggested  a  poHsible  trace  of 
Bagshot  Bods.  Quartz  jichbies  had  not  been  noticed  in  the 
plateau-cleposits  prcvi<Hisly  mot  with  along  the  railway. 

Tlie  snggosti  (1  age  of  the  beds  was  contirmcil  in  cuttings 
further  .south,  whn-t^  nnftufnis  wliitf  clay  and  whitf  sand  with 
f!itif'<  wfTo  exposed.  The  beds  cvidctitly  formed  jiart  ol"  the 
series  seen  on  the  northern  part  of  Combe  i'yne  Hill,  but  they 
were  much  concealed  beneath  a  dowuwash  of  angular  flint  and 
chert  detritus. 

The  clean  white  sand  had  erery  appearance  of  l^icrshot  sand, 
and  on  submitting  a  sample  to  my  colleague,  Mr.  H.  H.  Thomas, 

lie  deternjincd  the  ingredlLiits  .as  notccl  in  the  accompanying 
statement.  The  minerals  are  suggestive  of  derivation  from  a 
gramtic  area. 

3!0TB8  OX  TUM  BAOSBOT  SSM',   FROM  COMBK  PYX£,  IX  DBVOXSMJiUe, 

BY  U,  U,  TBOMAS, 

Thi.s  .>^and,  which  i.s  very  fin%  la  of  a  dirty  white  to  a  pale  ydlow  ookrar, 

and  i-^  s^'iitty  Ix-twiM  n  tin-  fmLrtTs. 

Large  grains  are  rare,  and  there  is  a  complete  absence  of  calcareous 
matter  in  the  f om  of  carbonatw 
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The  following  are  the  chief  minerals  whii  h  const itut«  the  heavy  Mr.  Thomat. 
residue— that  |)art  of  the  sand  with  a  sjieciiic  gravity  groitter  than  2*9  : — 

Rutile.  This  mineral,  which  in  perhai»«  the  most  |>reva!ent  of  thn;»e  in 
the  heavy  residue^  occurs  for  the  most  iwrt  in  rounded  prisms  of  an  amlxir 
colour.  Polysyntnetic  twinning  is  common,  the  striae  making  about  25* 
with  the  long  axis.  Geninilatf  tvviii>  also  rw^-nr,  follf^vinj:  the  same  law 
of  twinning  aa  the  above  ;  the  axes  of  the  individuals  being  inclined  to  one 
ano^er  at  near  65**. 

Zircon,  In  rounded  prisms  and  grains  with  fresh  fracture,  containing 
tnany  colourless  inclusions  arranged  parallel  to  the  jtrvsm  faces  and  to  the 

pymmitl  (111). 

Tofurntaline.  This  mineral  occurs  m  dark  brown  pleochroic  prisms,  which 
in  some  cases  show  the  outlines  of  the  simple  rlMnnbohedra.  The  grains 
have  not  been  rounded  to  any  great  extent. 

Leucftxene.  In  yellow,  greon,  anil  white,  a'niost  opaque  graina,  all 
more  or  less  rounded ;  in  tjome  cases  there  u  evidence  of  an  unaltered  dark 
core,  probably  Ilnuntte, 

Micas.  A  white  mica  occurs  in  minute  flakes. 

Of  the  lighter  residue,  Quartz  and  Felspar  are  the  main  constttuenta:  — 

^uarU.  In  small  angular  grains,  full  of  minute  inclusions.    V\>ry  few 

j2;rains  are  rouiKlcil,  ana  tlinc  is  no  (n  idence.  of  srcfnidary  ^ToMrth,  As 
might  br  exi>eote<i,  thi.s  mineral  forms  the  main  bulk  of  the  saiifl. 

J'eUiMir.  The  only  fels|»ar  noticed  waa  orthochw© ;  it  exists  in  rectangular 
cleavage  fragments,  all  more  or  less  decomposed,  in  some  cases  so  much  so 
as  to  render  them  almost  opaque. 

This  niinwal,  although  not  so  plentiful  as  the  quartz,  occurs  in  fair 

qiiaiitity. 

iloond  dark  grains  were  found  to  cou;4ist  of  an  earthy  material,  giving 
the  reactions  of  manganese. 

These  grains  probab]  v  consist  of  carbonaceous  matter  (I  wood),  associated 
with  an  earthy  oxide  of  manganese. 

Additional  evidence  in  support  of  the  Ba,«,'slioi  jitr^.  of  tbo  bods  '^^^  Wood- 
wjus  obtiiincd  in  the  long  tnitting  wust  ni  (  mhiIh- IVrn  Stiition.  ^**'^' 
This  ciitt!Tif-C  -^^>  ffH"t  doi'p  in  phirf^s,  .'iiui  all iioiigii  unlinished  it 
showed  a  st  i  ic  s  of  whito,  r«'<l  .-md  luoub  d  .stony  clays  and  grey 
loam  ovcrhiid  by  rough  llini  and  chert  gravel,  Tlie  clays  liad  a 
marked  inclinAtion  towards  the  east,  but  the  dip  was  obscured  iu 
the  upper  part  of  the  section,  probably  owing  to  the  fact  that  the 
beds  nave  suflfcred  from  prolonge<l  sub-aerial  act  ion.  The  character 
of  the  deposits.and  the  remark  1 1  si*  ■  i  1 1 1  !  i  iiu  f  i  nn  of  the  layei's  remind- 
ed rae  at  onoe  of  tlie  white  and  coluured  clavs  and  sands  nnd  conrxe 
gravels  which  Ixnder  the  lk)vey  Bjisin  at  Wol borough  and  other 
places  near  Xcwlon  Abbot — beds  whieli  I  bad  many  years  ago 
regarded  an  equivalent  to  the  pktcau  iUiiU  of  Halclon,*  and 
which  have  recently  been  shown  oy  Mr.  Reid  to  be  for  the  most 
part  of  Bagshot  agaf  (Fig.  6.) 


*  Qvart,  Jbiirn.  Otol.  ifoe,t  vol.  xxxii.,  p.  234. 

t  Ann.  Hep.  Oeoi.  Survey  for  1895 ;  and  Quart  Joum,  OeU,  Soe^  vol. 
liv.,  p.  234. 
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It  in  noteworthy  thai  in  tlio  IjihI  iSfjtmwtri/ Pro^?w?  (for 
1900.  p.  122)  Mr.  Iloid  roinarked  that  "Though  the  mapping  of 
the  liaiiiusliire  Bji-sin  has  now  heon  completed,  it  is  probable  that 
a  chain  of  outUors  of  the  liagshot  river-gravels  will  connect  the 
Eocene  of  Dorset  with  that-of  Bovcy  Traecy  in  Devon — ^indeed, 
several  outliers  of  this  gravel  have  already  oeen  mapped.*' 

Thus  outliers  have  been  traced  as  far  west  as  the  neighbour- 
hood of  M  liden  Newton,  in  Dorsetshire,  by  Mr.  L.  W.  Hinxman 


Fig.  6.  Section  east  of  Combe  Fjrne  Station. 

Bsi^ot  Beds.  White  and  red  stony  clays  and  gravek 

The  foregoing  remarks  by  Mr.  Roid  wuie  not  present  in  m}' 
niiiid  while  examining  the  cutting  at  Combe  Pyne ;  it  was  there- 
fore an  additional  satisfisustion  to  read  them  afterwards.  During 
the  years  1873  and  1874s  Mr.  Ussher  and  myself  and  in  1874 
Mr.  Keid  also,  were  engaged  in  re-surveying  the  country  round 
Honiton,  Axminstor,  and  Lyme  Regis,  and  we  were  then  perplexed 
to  account  for  llio  plateau  deiiosits.  Some  were  evidently  local, 
but  in  otlier  inicLs  there  were  foreign  materials,  large  pebbles  of 
quartz,  and  quartzite,  for  which  it  wiis  ditlicult  to  account.  I 
was  led  to  treat  as  probably  Boulder  Clay,  a  mixed  deposit  found 
at  Yaroombe,  between  Honiton  and  Clnard.f  It  seems  quite 
likely  now  that  this  deposit  ,  which  comprised  greenish-yellow 
clay,  retldish- brown  and  |mle-coloured  sand,  and  gravel  with 
nuart/  nnd  quartzite,  as  well  as  dint  and  chert,  may  belong  to 


Leaving  i?ombe  Pyne  Hill,  the  new  railway  extends  eastwards 
towards  Uplyme,  along  a  scani  of  Upper  Grcensand  just  below 
the  Chalk.  The  chert  bods  of  the  Greensand  here,  as  elsewhere, 
wore  of  somewhat  irregular  occurrence  in  the  sands,  and  whore 
shattered  by  frost,  they  have  formed  a  kind  of  angular  drift  on 
the  slopes. 

HeyoTifl  the  viaduct  which  crosses  the  deep  vaHcy  south  of 
Cannirigtou  Farm,  tlit^  Greensjuid  was  well  exi)()sed  with  littlo 
detritus  on  top,  but  lurthor  on  below  the  stoop  scarp  o(  lloi-se- 
man's  Hill,  which  is  formed  by  the  chert  beds,  the  ground  was 
covered  with  cherty  ddbris. 

West  of  the  Uplyme  road  the  chert  and  flint  detritus  was  seen 
to  rest  most  irregularly  tm  grey  and  greenish  sand  of  the  Upper 
Greensjuid,  owing  chiefly  to  slips.     Hero  the  gravel  contauiod 


•  Summitry  of  ProgresB  for  1888,  p.  146 ;  for  1900,  p.  122. 
t  Oeol.  Moff,,  1674,  ]i.  335. 
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layers,  but  it  was  less  distinctly  stratified  than  that  in  the  lower  Mr.  Wood- 
part  of  the  Combe  Pyno  cutting.  *»»^ 

Towards  Lyme  Regis  station  asomcwiiat  similar  section  of  9  or 
lO  feet  of  gravel  was  seen  above  dark  green  sand  belonging  to 
the  Upper  Cireensand. 

FURTHER  NOTKSON  THE  CUTTINGS  ALONG  THE  SOUTH  WALES 

DIRECT  RAILWAY. 

BY  H.  B.  WOODWARD. 

Particulars  of  the  strata  exposed  along  the  cuttings  of  this 

railway  were  given  in  the  Sumnuiru  of  Fnxjrpsn  for  1898,  pp. 
188-192,  from  notes  fiirnishecl  by  Mr.  A.  Stmlmn  and  niyself. 
T>uring  the  autumn  I  re-cxaniinod  the  cuttin'jfs  tVuin  WooUon 
lijus.sott  to  Alderton.    In  the  upj>er  part  of  the  cutting  west  of 
Himt  Mill  Lane,  Wootton  fiassett,  a  band  of  coarse  oolite  belong- 
ing to  the  CoTaUian  was  exposed  below  the  rubbly  oozal  lime- 
t '  I  lies  and  clays  which  form  the  tvppor  part  of  that  formation. 
No  evidence  of  Lower  Cakaronus  Gnt  wjis  discernible,  and  it  is 
possible  that  the  beds  are  faulted  against  the  Oxford  Clay,  but 
as  the  cutting  had  been  sloped,  precise  evidence  was  not  obtained. 
Onwards  to  near  Hullaviugton  the  line  ha.s  Ihxju  nearly  com- 
pleted and  all  the  cuttings  have  been  sloped.    Sciiltereil  Hints 
(some  of  Eolithic  type)  are  to  be  found  aoove  the  Oxford  Clay 
west  of  Brinkworth,  and  they  are  strewn  over  tho  ground  to  the 
north  on  Ramps  Hill  and  beyond.   These  flints  are  gaUieied 
from  the  fields  for  road-mending,  and  they  sometimes  oocur  in 
sufhcieut  mass  for  the  opening  of  a  shallow  gravel-|)it. 

The  cutting  west  of  nradticld  I'arm,  Hullavin«^ton,  hail  been 
considerably  de*'pcued  .since  my  furmer  visit,  and  it  exhibited  an 
interesting  section  of  Cornbrash  resting  on  inclined  layers  of 
Forest  Bfiu-ble  as  shown  in  the  accom|Miiying  diaj'ram.   (Fig.  7). 

While  the  Combnish  oversteas  the  inclined  lavers  of  Forest 
Marble  clay  and  shale,  these  beas  of  Forest  Marble  themselves 
rest  irregularly  on  a  lower  portion  of  the  formation,  n  sandy 
division :  so  that  tbcro  is  cvinencc  of  a  double  (minor)  uncon- 
formity— due  partly  to  cur  rent- bedding'  and  local  erosion.  At 
the  top  of  the  Forest  Marble  clay  there  is  a  thin  oyster-bed  made 
up  of  variable  forms  of  Oatrea  Smverby  i.  This  is  a  feature  of 
some  interest.  ( )  >  st  er-beds  occur  here  and  there  throughout  the 
Jurassic  system,  but  this  is  the  most  prominent  bed  that  has  been 
noticed  in  the  Forest  Marble  of  the  west  of  England. 

During  an  excursion  made  in  May  l^^Ol  by  tbc  Cicologists' 
Ass<K:iation,*  the  cutting  was  examined,  and  attention  Avas  tlu^u 
drawn  by  Mr.  W.  Whitiikcr  to  the  fact  that  Cornbrash  here  lies 
on  different  divisions  of  the  Forest  Marble. 

Sections  of  equally  noteworthy  character  were  observed  by 
myself  in  cuttings  along  the  Midland  and  South- western  June* 
tion  Railway  near  Cirencesterf 

*  l^roc.  Gcoi.  Ass(jc.^  vol.  >vii.,  p.  144. 

t  Jimune  Boek*  qf  Britain,  toL  iv.,  p.  306. 
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Fig.  7.  Cutting  west  of  Bradfield  Farm,  HuUavington. 

4.  Combnisn.  2.  Sands,  nandstone  and  shaly  bodft. 

3.  bhale^s  with  thin  calcureous  ^rit.  1.  Liinestoiics,  shales  and  clays. 

It  is  not  easy  to  buil<l  up  the  sequcuce  of  Forest  Marble,  and 
here  and  lln'n!  small  tuults  art'cct  the  strata  and  their  amoiUlt 
and  throw  cannot  always  be  deliniteiv  ascerlaincch 

The  i'ollowInL^  appears  to  be  the  succession  between  ilulkving- 
ton  anil  Alderluu : — 

Oombrash. 

Y)vsstcr  P>ed  with  Osf/fi  Sotnrhiii  :  -  Sin.  tO  10 in. 

Clays  with  thin  layers  uf  calcareous  giit  with 

track-markings   SOft. 

Shales  and  11  tncst^iiu's     -      -       -  -  :> 

Sands  and  hard  calcareous  sandsU)nes        -  20  „ 

Oolitic  and  shelly  and  gritty  limestones,  with 
lignite  and  shales— false-bedded— and  to 

snmo  cxt^.nt  re|i!iu  ing  one  another    -      -         35  to  50  „ 
lUuc  clay  with  (Kiasjunal  bands  of  limestone  25  „ 

Great  Oolite.    Pale  oolite.   Seeu  to  depth  of  18  feet  at  Alderton. 

The  sjinds  and  sandstones  are  approximately  equivalent  to  the 
Hinton  Sand  and  Sandstone  of  U  illiam  Smith.  They  (^xhibit 
lari^e  dopfgers  with  the  wuU-known  pot-lid  structure.  The  Umo- 
stones  arc  nianitestly  impcrsistent. 


Forest 
Marble. 


REPORT  ON  THE  EXAMINATION  OF  THE  .SECTIONS  AT  THE 
REMERVOIRS  AND  ALONG  THE  COURSE  OF  TUB  AQUEDUCT 
OF  THE  BIRMINGHAM  CORPORATION  WATER  WORKS,  RHAY- 
ADER TO  FRANKLEY,  1901. 

BY  T.  C.  CANTRILL 

Durini^  the  month  o£  August  about  a  fortnight  was  devoted  to 
examining  the  sections  at  tne  reservoira  west  of  Rhayader  and 
along  the  course  of  the  aqueduct  thence  to  Frankley  near 
Birmingham. 

The  Silurian  sequence  of  Rhayader  has  been  described  in  f^freat 
detail  by  Mr.  TT.  Lapworth*  According  to  him  the  resei  v<.irs  in 
the  Elan  and  Claerwen  valleys  are  situated  chietiy  on  the  slates 
whirli  form  the  I>yfVrvn  Flag  subdivision  of  the  (iwjistaden 
(houp  or  Lower  Llaiidoverv  rocks  of  the  distriet.  There  are 
many  natural  sections  and  tlic  works  have  opened  up  others. 


*  Quart.  Juuru.  O'eol,  Hoc.^  vol.  Ivi  (1900),  p.  67. 
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Tho  (lam  of  the  Dolynn  Tt.v  h  reservoir  is  hoini»'  ron<?tni{'t«Nl  nn  Mr.  GaatrilU 
a  grit  l>eil  uiiilerlyin^?  cltavcd  shales  and  forming  a  coin  pressed 
anticline  and  syneline  trending  north-C4ist  and  south-west,  and 
traversed  by  two  well-marked  thrust-pLanes  alon^  which  moyo- 
ment  has  taken  place  from  the  noitn-west  This  grit  appears 
to  1m)  part  of  the  Cerig  Gwynion  Grits  which  imniediutelv  under- 
lie the  Dyffifyn  Flags  ana  form  the  base  of  the  local  Lower 
Llandovery. 

The  aqueduct  leaves  the  Garreg-ddu  reservoir  by  a  tunnel 
carried  through  the  Dytfryn  Fhigs  of  CrHig-y-Foel,acrofi8  the  well- 
marked  Abemant  Fault  and  into  the  Caban  Group  or  Upper 
Llandovery. 

£!a8t  of  Elan  Village  the  pipe-tmck  passes  into  the  Rhayader 
Pale  Shales  or  Tarannon  Beds,  and  continues  in  this  subdivision 
jts  r;vr  as  the  western  side  of  the  Wye  Valley  south  of  Khayader. 
It  then  descends  the  sequence  into  the  Gwastaden  or  L'>\\<t 
Llandovery,  tho  Cuban  Group  having  apparently  been  overlnjipi  1. 
Tlie  Gwiistaden  Group  consists  of  various  shaly,  flagg)-,  and 
conglomeratic  beds  subdivided  into  several  zones  characterised 
by  peculiar  graptolites.  The  pipe-track  gradually  crosses  these 
subdivisions  and  {Msses  off  the  lowest  at  Gaufiron,  2  miles  east 
of  Rhayader.  It  then  enters  the  district  occupied  by  the  dark 
shales  with  grit-hands  hrlitn-ed  hy  Mr.  ]vipw()rtii  to  Itc  of  lldn 
age.  Of  tliis  rlisti-ict  liu  n-m.-irks*  tliat  furtain  <lark  sraiiis  in  the 
arenaceous  rucks  yield  Di />/<>;/ mithis  JolkweiuH,  Mun  h.,  and  other 
graptoUtes.  Bevond  tiiis  district  of  Nautmel  we  Iciivc  the 
ground  examineci  by  Mr.  Lapworth. 

Kast  of  the  river  Clywedog  cleaved  brown  shales  arc  intro- 
duced by  a  bold  featiire  which  crosses  the  district  in  .snuh  a  way 
as  to  suggest  that  it  is  due  to  newer  beds  markedly  unconform- 
able to  or  &ulted  as^inst  the  Ordovician,  and  the  aqueduct  is 
carried  through  this  feature  by  the  "  Penybont  Tunnel  into  the 
Ithon  Valley.  The  tip  at  the  western  end  of  the  tunnel  in 
Gwgan  Hall  Wood  is  coinpjsed  of  dark  flags  and  shale,  with 
])ieces  of  conglomeratic  rock  ;  no  fossils  Avcre  olisorved,  and  there 
was  nothing  to  show  the  exact  source  of  the  (/''7/r?>.  Probably 
most  if  nut  all  of  this  material  came  from  the  Ordovician  beds. 
Buriioce  exposures  along  the  course  of  the  tunnel  show  that  the 
newer  strata  dip  on  the  average  in  an  easterly  direction.  These 
beds  are  shown  on  the  Geological  Survey  map  [old  series,  Sheet 
56]  as  belonging  to  the  Wenlock  Series.  liut  the  brown  and 
grey  .shales  and  sandstones  fMnniTiLf  the  tip  (y^rcsumablv  from 
the  eastern  part  of  tlic  tunnel)  soutli  of  Bryu-hyfertit  f  —  l>rvn- 
rhyfe<ld  on  the  old  series  inap^  lacing  full  of  graptolites,  soni<;  of 
these  were  collected  by  Prof.  Watts  and  myseh,  and  have  i>eeu 
identified  by  Miss  £th^  M.  Bw  Wood,  of  Birmingham  University. 
She  reports  as  follows : — 


*  Op.  city  p.  Ut) 
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Mr.  GtotrQl.         .**  ^  **P**  Bryn-hyfertli  Farm  [Six  inch  map^  Radnor,  16  S.E.],  1^ 

niiloH  north-west  of  PtnyKont  Villajxe,  gnudolitcs  occur  in  fpresit 
abunUaoce  on  thin  spliiitciy  brown  «hale«.  1  have  identified  S/r^f^ 
grapins  cotonu»^  Barr.,  M.  Nilwmi,  Harr.,  M.  fxthemicuf,  Barr.,  Relia- 
lites  »/n7U)8u%  Wudd.  These  j^nii>toIitt's  iue  elianicteristic  of  the  J/. 
JS'Ummi  20Qe  in  the  !«.  Ludlow  ghulcs,  which  occurs  above  the  M, 
vulgaris  zone  and  below  tiiat  of  M.  genninu.  This  zone  is  quite  simi- 
lar, both  lithologically  and  pal  i  l  l  i<  ally,  to  that  in  the  Builtli 
District,  and  also  agrees  closely  with  the  same  zone  in  the  Lon^ 
Mountain. 

In  .somewhat  more  flaggy  lieds  at  the  same  locality  oc  u  i  M.  co/onus 

in  abundance,  a.sst>ciated  witli  one  or  two  frr\;nnents  of  M.  I>"fwmieu9 
and  M.  Xilmmt.    These  belong  to  tJie  saiuc  /.(nie  as  the  above." 

It  thus  a|)p<'ars  tli.it  the  Silurian  bcils  hero  must  l>o  reierrod 
to  the  Lower  Ludlow  Shsiles  and  not  to  the  Wenlock  Series. 

Roadside  exposures  at  Tre  grugyn,  at  the  supposed  juuclion 
of  the  Ludlow  and  Wenlock  north  of  Llanfihangel  Rhyd  Ithon 
yield  graptolites,  among  which  Mi.ss  Wood  has  id  i  tiiiecl 
RefioUfrs  8ptnoi»MtBXid  remarks  that  she  has  not  found  this 
hitherto  outside  the  3/.  Nihftovi  zone  in  tlic  Lower  Ludlow. 
This,  together  with  the  ovidcuro  of  tha  graptolites  from  the 
Penybont  Tunnel,  makes  it  duubtiul  whether  tnerc  is  any  ioun- 
dation  for  the  position  of  the  Lower  Ludlow  base  here. 

Numerous  exposures  of  the  Ludlow  beds  occur  thence  to 
beyond  Ejiighton.  The  Old  Red  Sandstone  west  of  Brampton 
Biyan  where  cro.<»seHl  by  the  pipe-track  is  overspread  with  ^vel, 
and  the  solid  rock  does  not  seoui  to  have  been  ex}x>sed.  hjist  of 
Branmton  Bryan  gravel  oxten»ls  jus  far  as  Walford.  beyond  which 
the  Silurian  beds  are  more  of  the  cla.ssical  Sbropsbirc  tyjK',  and 
contain  various  bands  of  limest<^ne.  The  Ayniestry  Linnj.stuno 
forms  some  line  elitl's  on  the  west  side  of  the  Tcnie  south  of 
Downton.  Some  of  the  beds  are  fall  of  PentaTnerue  Kii  iyhiii, 
Beyond  this  point  the  pipe-track  ck'scly  follows  the  top  of  the 
Aymestry  Limestone.  The  Passage-beils  into  the  Old  Red  at 
Ludlow  do  not  seem  to  have  l)ccn  exposed,  and  ca.st  of  the  river 
Tenie  the  pi) )0-triir'k  enters  .ind  conhnues  for  some  distance  in 
the  lower  Ixxls  of  the  Old  lied  Sandstone.  It  crosses  the  LutUow 
series  of  Caynham  Ciuiip  and  revealed  below  the  Aymestry 
Limestone  some  thickness  of  shales  not  shovm  on  the  map. 
(Sheet  55.) 

The  '*  Studb  y  Tunnd  "  under  the  southern  promontory  of  the 
Titterstone  Clee  Hill  (  onunences  north  of  the  village  of  llopa 
Baggot,  in  f1i'>  Old  Red  Sanflstotie.  From  information  supplied 
by  Mr.  .1.  McKio,  the  cnLnnocr  in  charge,  it  appears  that  thewds 
at  tirst  encountered  l  unsist  of  the  ordinary  red  and  green  m.irls 
and  soft  shaly  red  siintlstone ;  but  at  about  1400  feet  the  head- 
ing ))assed  into  harder  beds  of  pebbly  liglit-rod  coarse  sandstone, 
the  pebbles  being  chiefly  of  vem-quartz.  This  bed  had  not  been 
pierced  at  the  time  of  my  visit.  There  is  little  doubt  that  this 
represents  the  Upper  Old  Red  Sandstone,  or  at  Icitst  the  highest 
Brownstoncs  nf  other  districts,  while  the  tn.'irls  with  rornstones 
which  occupy  ihc  lower  horizons  and  extend  from  Ludlow  to  the 
Wyre  Forest  Coiihield  belong  to  the  Lower  Old  Red.  The 
eastern  heading  of  the  Timncl  was  at  the  time  of  my 
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visit  about  1100  feet  in;  it  bad  passt'^l  fmm  OM  Red  tln-ough  Mr.  CMtetH. 
tbo  CarlK)nit"t'rou.s  LiineKtone  into  Millsutiic  Grit  and  pussibly 
Colli  Meuiiurcs — various  yellow  and  grey  grit  debris,  together 
with  clods,  shales,  and  firecLiys,  occurring  on  the  tip.  If  these 
latter  belone  to  the  Coal  Measures,  the  lines  on  the  map  ¥riU 
need  some  little  adjusting,  as  the  Coal  Measures  are  shown  as 
forming  only  a  capping  at  the  top  of  the  lull  where  crossed  by 
the  line  of  the  tunnel. 

Heyond  Studley  the  aqueduct  crosses  thu  broad  tract  of  Lower 
Okl  Red,  extending,'  iroin  Clee  1  Lill  to  llio  Wyre  Forest.    The  Coal 
Mea&urcs  of  this  latter  coailiold  where  crossed  by  the  pipe-track 
— from  Malpass  Wood  to  Hawkhatch  Farm  on  the  oemn — 
appear  to  consist  of  two  groups :  a  lower,  of  Tariegated  marls 
with  jrellow  and  green  satrastone,  in  which  the  crop  of  a  ooal 
has  since  been  cut  through  at  Silli^ove ;   ancT  a  higher 
f:^oup  of         find  yellow  sandstones  with  thin  pyritoiis  coals 
and  one  or  more  binds  of  Spinn-lns  limestone.     The  lower 
trroup  has  some  likeness  to  the  01<l  iiill  Marls  of  South  Stattbnl- 
tsliuc  and  the  Etruria  Marls  of  North  Stallordshire ;  while  the 
higher,  as  seen  at  Wmwoods  and  Kls^wood,  and  again  at  Wood- 
house  Farm  near  Button  Oak,  may  represent  the  Halesowen 
Sandstones  of  the  former  district  ana  the  Newcastle>under-Lymo 
beds  of  the  latter. 

The  junetio!!  nf  those  Coal  Afcasures  with  the  Lower  Old  Red 
of  Triiiipley  :i]>neMrs  to  Im}  oil lier  a  very  .sharp  overfold  or  more 
probalily  a  fault,  the  Old  lied  Ixiiug  thrust  from  the  east  over 
the  Coal  Measures.  The  low^t  Ixsds  of  the  Trimpley  anticline 
appear  to  be  certain  fl^iggy  gr(y'i.sh-iod  beds  and  yellowish-grey 
tuestones  which  crop  out  at  Irimplo^  Church  and  Littlegains. 
From  these  beds  numerous  fish-remains  woro  obtained  by  G.  £. 
T?f)b(  rts*  who  considered  them  to  represent  the  uppermost 
iSilurian  or  I'assa^re-beds  of  other  ilistrii  ts. 

Beyond  the  Old  lied  Sandstone  ol"  Trimpley  the  Trias  is  entered 
and  extends  as  far  as  1  iagley ,  ue«ir  Stourbriuge.  The  sections  uiii  for 
no  particular  note.  The  so-called  Lower  Permian  beds  of  the 
South  Stafibrdshire  Coalfield  were  then  entered.  The  rocks 
consist  of  red  and  crimson  marls,  mottled  blue,  with  some  pale- 
red  sandstone  and  occasional  bands  of  conglomeratic  comstone. 
The  presence  nf  bands  of  S/nrorhi.s  limestone  in  similrr  beds  at 
Sanffwell  and  Hainstead  Collrries  on  the  east  side  of  the  coal- 
field had  long  been  known,  but  no  outcrops  in  the  "Permian" 
ground  to  the  south  had  previously  been  observed.  The  exc^iva- 
tions  for  the  pipe-trench  have  now  exposed  outcrops  of  such 
limestones  at  tnree  different  points  between  HagleyandFrankley. 
The  first  locahty  lies  100  yards  west  of  W{us.sel  Grove  Lane  at 
Hagley ;  the  second  is  on  the  e<lge  of  Ottiuoor  Wood,  north-north- 
east of  the  Fox  Tnn  at  Komsley.  TIk)  third  is  .it  the  terminal 
reservoir  at  Frankluy,  where  the  limestone  contains  the  character- 
istic fossil.   From  information  supplietl  by  Mr.  Fred.  W,  Macaulay, 


*  Hocks  of  \i'ot'  e4(€t'»hire,         (Jhap.  vii. 
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Mr.  Cuitrill.  the  en^noor  in  charge,  it  appears  that  the  limestone  outcrop  was 
met  with  in  some  excavations  Ah-  the  filter-beds  at  about  250  yards 
N.  20'  W  from  Frankleylodge  Farm.   The  bed  was  about  1  foot 

or  1  foot  is  inches  tliif^k,  the  stone  being  rather  rotten  and  mneh 
broken  up.  The  position  ot"  this  band  is  not  tar  below  the  boltt)iii 
of  the  "  rerniiiin  "  breccia  as  (h-awn  on  the  map  (Sheet  54  N.W.) : 
and  whether  this  latter  is  conlonuable  or  not  to  the  red  marls 
and  sandstones,  there  is  little  doubt  that  the  limestone  here  is 
higher  than  the  other  two  bands,  and  that  thm  are  three 
distinct  bands  of  l^rorbU  limestone  in  these  red  rocks. 

NOTES  ON  THK  GOOLE  AND  MARSHLAND  LIGHT  RAILWAY. 

BY  W.  GIBSON. 

The  Qoole  and  Marshland  Li^ht  Railway,  now  under  construe* 
tion,  passes  over  the  more  elevated  portions  of  the  Isle  of 
Axholxne^and  exposes  some  good  sections  of  tho  solid  rocks 
which  are  rarely  to  be  seen  in  tnis  part  of  Lincolnshire. 

To  the  nortn  of  Haxey  Village  a  cutting,  one  mile  long 
and  30  to  40  feet  deep,  is  being  excavatetl  in  Keu})er  marls. 
These  consist  of  red  and  green  Siindy  marls,  containing 
"  skerries "  and  bimds  of  red  sandstone  a  few  inches  thick. 
Fibrous  gypsum,  in  the  form  of  isolated  plates  or  in  irre^lar 
bands  from  two  inches  to  four  inches  thick,  is  devek>ped 
throughout  The  stratification  is  irregular,  a  feature  common 
to  the  gyp.siferous  portions  of  tlie  Kcuper  marls  elsewhere. 

The  marls  arc  overlain  by  u  war|>\'  sill  3  to  4  feet  tbiek  : 
the  junction  with  the  marls  is  sharp  and  even,  and  forms  a  lino 
of  demarcation  for  nearly  the  entire  length  of  the  section  to  near 
Haxey  Village,  where  blown  sand  forms  the  sur&ce-deposit. 
The  warpy  sdt  lies  dose  to  the  100  feet  contour,  and  has  the 
appcjirance  of  being  of  aqueous  and  no6  of  ffiolian  origin.  If 
this  is  correct  it  implies  a  cerlaiu  amount  of  elevation ;  but  the 
relation  of  the  warpy  silt  to  the  other  superficial  deposits  of  the 
district  is  not  clear. 

In  Uiaking  I  lie  tuundations  u*;ar  t  he  drain  north  of  Haxey 
Station  Mr.  M.  F.  Glover,  the  engineer  in  charge  of  this  section, 
proved  sand  for  over  26  feet.  A  ferruginous  band  was  passed 
through  six  feet  below  the  sur&ce. 

r>l(>\vn  sand  apjxjars  to  occupy  much  of  the  surface  passed  over 
))v  the  line  from  the  north  end  of  tho  cutting  at  Haxey  to 
l^pworth 

A  cutiiuL,^  hits  just  l>een  commenced  one  half  of  a  mile  north- 
west ol  ICpvvorth  Church.  The  section  exhibits  KeujK-r  marls  oC  a 
very  similar  type  t^  those  of  the  Ilaxcy  cutting,  but  the  bands  of 
gypsum  are  sfight  ly  thicker. 

Between  Epwortn  and  Growle  Town  the  line  has  not  been  laid 
out. 

Crowle  Hill,  near  Crowle  Town,  has  been  partly  cut  through 
from  the  north.  Warpy  S4in<l  H  to  4  feet  thick  forms  the  surface 
of  the  section.     This  rest«  on  Keuper  marls  contaiuiug  thin 
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bands  of  gypsum,  like  those  in  the  ITuxey  and  Enworth  cuttings.  Mr.Gibtoa. 
The  stratihcation  is  luoro  evident,  and  a  tlip  ot  1 5  fle^recs  emt 
can  be  clearly  made  out.    The  north  end  of  tho  section  sliows 
blown  sand  t)verl.iin  by  the  talus  Ironi  an  old  quarry  through 
which  tho  line  pisses. 

No  sandstones  have  been  met  with  in  am  of  the  sections  of 
sufficient  hardness  or  thickness  to  form  builcUng  stones.  These 
evidently  occur  lower  tlow  n  in  tho  s(  (|uonce,  for  in  the  lieecUiess 
borinj?,  which  is  on  the  line  cf  strike  of  CYowlr  Hill,  the  samly 
marls  were  272  teet  thick,  after  which  sandstones  wcn  Tuet  with.* 

North  ot'  Crowle  Hill  tho  line  passci*  over  wurp-iil  land.  As 
shown  in  the  exatvations  tor  the  telegmph  posts  the  warp  lies 
on  peat  and  is  nearly  all  of  artificial  origin. 

Peat  is  being  extensively  dug  for  litter  south  of  Roodnoss  station. 
At  this  spot  nuraerom  stumps  of  trees,  scvcnd  stjinding  erect, 
arc  exposed  in  the  excavations  for  t  he  lino  and  station  buildings. 
They  are  overlain  by  a  thin  layer  of  warp.  / 

11.   PETKOGKAPHICAL  WORK. 

The  material  forwarded  to  the  Petro<^raphical  department  I>r.J.S.Flelt 
in  London  for  examination  and  report  dunng  the  year  1901, 
has  to  a  very  l.iiLrr  extent  be«*n  fumisbod  by  those  art^jis 
of  the  Scottish  Hij^hlands  which  lie  to  the  east  and  south  of  the 

(Jre  it  (!le?i,  and  lias  consisted,  ;is  in  fonnrr  years,  ]irineip.»nv 
nicliiinurpliic  and  intrusive  rocks.  The  approaehin^  puijlicaliou 
of  several  sheets  an<l  descri|jtivc  memoirs  from  this  rej^ion  has 
rendered  necessary  the  revision  of  the  pctroj^raphical  collections 
which  have  been  made  during  the  proi^^rcss  of  tho  field  work,  and 
has  suggested  problems  for  sp<  cial  mvostigation.  This  seems,  in 
consequence,  to  bo  aiavourablo  op)K)rtumty  to  discuss  some  of 
the  •uitstanding  results  of  the  study  of  the  rocks  of  the  Southern 
Highlands  of  Seotljuid. 

The  jffonnd  work  or  this  area  is  formed  ot"  masses  ur.scdinicnt^iry 
rock,  the  a«je  of  which  is  at  present  uncertjiin,  and  these  diti'cr  to 
an  extraordinary  degree  in  their  state  of  metamorphism  in  the 
various  sub-districts  mcluded  in  this  extensive  country.  Omitting 
for  the  present  all  consideration  <>t'  the  roeks  which  forin  tlie 
narrow  strip  which  is  supi>osed  to  1m^  of  Arenig  >ige,  and  which 
lies  nu  the  southern  man/m  <»f  the  Hii(hlands,  and  is  ap|)»U'ently 
Wundttl  by  faults  on  both  sides  .iloni:  most  ot  jt>>  extent,  we  find 
among  the  Highland  rocks  some  in  which  the  metamorphism  is 
no  more  advanced  than  in  the  greywackes  or  shales  of  tho 
Southern  Uplands.  So  little  have  tnc^  lK$cn  nff€»cted  by  the  earth 
movements  and  other  agencies  which  mdu<'e  m*>tamoi-|ihism  that 
they  can  hardly  li  f  li  nislii  <|  from  the  Arcnit;  1 0  rocks  of 
a<ljaeent  areas.  In  the  liner  shales  the  ori'^Mjial  bed<ling  is  .so 
little  obseiire<]  in  .sojiic  cases  by  I  Iw  «]»  ^  rlopmt  iil  of  sin t  v  cleavage 
that  the  ge»iiogi.st,  is  at  once  imprcs.seti  by  tho  possibility  that  a 

♦  *'Tlie  ri<H>lo;ry  it(  piirts  df  North  Lincolii.shirr  and  .South  Yorkshire.  ' 

,\/('ni.  (itttl.  Sundry  (IMMi),  p.  7. 
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Dr.J.B.Fleit.  careftil  search  micht  reveal  the  presence  of  fossils.  Tlic  grits  are 
quite  as  little  moaified ;  the  original  clastic  st  rnctur^  are  perfect  ; 
the  original  clastic  miciis  are  visible  in  abundance  ;  while  euta- 
clafitic  structures  and  new  inica^  are  surprismgly  little  in  evidence. 
A  re-examination  of  the  Highland  series  in  the  vicinity  ot 
Aberfoyle  has  confirmed  the  opinion  already  fonned  hy  the  field 
officers  that  the  metamorphism  in  that  quarter  is  oi  the  most 
rudimentary  kind. 

Mr.  J.  B  Hill  in  his  paper  on  the  progressive  metamorphi'^in 
in  the  neigh honihood  of  Loch  Awe*  lias  dcscrilnxl  very  similar 
rocks  from  that  re<:ion,  and  in  Hanfishire,  many  miles  to  the 
north-Ciist  of  this,  Mr.  Hinxman  has  observed  on  the  headwaters 
of  the  Deveron  (Sheet  85)  grits  and  shales,  vhich,  though  oftea 
indurated  by  the  contact  action  of  adjacent  intrusive  masses, 
have  still  their  clastic  characters  very  perfectly  preserved. 

Such  areas  of  low  metamorphism,  nowever,  are  not  usually 
extensive,  the  lai^est  l>cing  probably  that  which  stretches  along 
the  southern  border  of  the  Highlands  from  Cowal  through  Aber- 
foyle and  Callander  into  Perthshire,  where  the  rocks  gradually 
assume  that  highly  crystalline  character  which  Mr.  Barrow  has 
describedf  in  the  regions  drained  by  the  rivers  K(»tii  Esk  and 
South  £sk,  in  Forfarshire.  Throughout  this  tract  the  d^ree  of 
metamorphism  is  low  as  a  rule,  though  not  everywhere  the  same. 
But  as  we  pass  northwards  the  metamorphism  increases  with 
great  rapidity.  There  are  cases  in  which,  in  little  less  than  a  mile 
as  measured  across  the  strike,  coarse  felspalhic  cfrits  mn  1^3  seen 
to  pass  through  various  intermediate  conditioriii  into  granuiiuc 
quartzose  gneisses  in  which  daatic  structures  have  been  entirely 
obliterateo.  Host  interesting  to  the  student  of  metamorphism 
are  sections  such  as  may  be  observed  near  the  Trossachs  Her  on 
Loch  Katrine,  or  on  the  west  shore  of  Loch  Lomond,  near 
luverbeg,  where,  in  a  single  exposure,  all  stages  in  the  passage  of 
a  grit  into  a  foliated  ^eissose  rock  can  be  exemplified.  In  the 
forthcoming  explanations  of  Sheets  38  and  55  the  materials 
obtained  from  a  study  of  such  sections,  and  the  conclusions  they 
load  to»  will  be  discussed  in  reference  to  the  geology  and  structure 
of  the  districts  in  which  they  occur. 

The  great  sedimentaiy  series  of  the  Southern  Highlands- 
conglomerates,  grits,  greywackes,  shales,  limestones,  and  the 
probleTuetical  "  (irecn  Beris," — is  penet  rated  by  igneous  intrusions, 
which,  as  regards  their  age  and  geological  relations,  fall  nrttnrully 
into  two  subdivLsions.  Of  these  one  is  the  older  and  iuis 
preceded  part,  at  least,  of  the  movements  to  which  the  area  has 
Deen  subjected.   They  are«  in  consequence,  foliated,  though  it  is 


*  J.  B.  Hill.  "On  the  Progressive  Metamorphism  of  some  Dalnuliaa 
Sediments  in  the  Begioa  of  Loch  Awe,"  Quart,  Jowm,  GeU,  JSoe^  vol.  Iv^ 
p.  470,  1H09. 

+  (iei»rKe  lijirrow.  "On  Silurian  (?)llocks  in  Forfarshire  and  Kincardine- 
shire along  the  Highland  Border,"  (^uart.  Joum.  Geol.  Soe^T<A.  Ivii.,  p.  328, 
1901.  "On  an  ffitrusinn  of  Miiscm  ito-hiotite  (Jneiss  in  the  S.E.  Hignlanda 
of  Scotland,  and  its  Accompanying  Metamorphism,"  Quart  Joum.  Geol. 
SoCf  vol.  }dix.,  p.  330. 


Digitizer'  I-  ^''ooglc 


SOOrnSH  HIGHLAXDa 


67 


important  to  remember  that,  like  the  sediments  thoy  pierce,  they  Dr. J.S.f]/e^ 
▼ary  niuch  in  degree  of  their  metamorphism.  ^  Some  are,  in  foct^ 
gahhroB,  noritee,  peridotites,  or  ^unites,  with  their  original 
minerals  wdl  pfQsefTed»  and  exhibit  the  charaeteristic  structures 

of  I  It  It onic  igneous  masses,  Om  tbe  Deveron,  in  Ranf!shm>,  in 
the  district  already  mentioned,  \vherc  thcsodinienfs  show  sn  ];ttlo 
alteration  (Sh(?et  85),  there  are  gabbros  and  ser|K^ntinci3  wiiich 
are  indued  affected  by  the  earth  movements  which  resulted  in  the 
foliation  of  the  area/ but  are  still  so  little  modified  that  their 
Igneous  structures  are  very  well  seen.  As  metamorphism 
advances  they  pass  through  flaser  gabbros  into  epidiorites  and 
hornblende-schists,  and  this  last  is  the  prevalent  type  of  basic 
intrusive  rofk  throughout  tlie  Southern  Hip^hlands. 

The  porphyritic  andesitic  basalts  of  tlic  Lo(^h  Awe  scries  as 
described  by  Mr.  J.  B.  Hill  are  further  examples  of  the  perfect 
preservation  of  i^cous  structures  in  the  rocks  of  this  group. 

It  is  not  only  m  the  degree  of  their  motamoriihism  that  great 
.▼arialions  can  bo  traced.  In  chemical  composition  they  exhibit 
dififorences  which  are  <^uite  as  great.  As  already  stated,  they  are 
mostly  rocks  of  basic  affinities,  epidiorites  and  hornblende- 
schists.  With  these  occur  pcrifh>titos  and  serpentines,  with 
various  kinds  of  talcose,  act  inoHte-schists,  which  have  developed 
from  the  shearing  of  idtru-biisic  nuisses.  But  acid  gneisses, 
which  correspond  to  biotite-  and  biotite-homblende-granites  ate 
also  known,  as  has  been  shown  by  Mr.  Kynaston  in  the  district 
around  Dalmaliy,  Aigyllshire^  and  the  passag^e  from  the  horn- 
blende-schists to  the  older  granites  and  gneisses  can  now  be 
bridged  over  almost  coinplf  tely. 

Another  feature  worthy  of  nH'ntion  is  tlie  presence  of  fine- 
grained and  vesicular  igneous  rocks  in  association  with  otliers 
of  the  coarse-grained  type  which  pru^louiinates.*  In  Sheet  85, 
on  the  Deveron,  in  Banflbhire,  Mr.  Hinzman  has  mapped 
fine-grained  vesicular  homblende-schists,  the  vesicles  being  nlled 
with  calcite.  When  the  rock  weathers  it  has  quite  a  pumiceous 
aspect.  It  seems  quite  possible  thatthese  may  be  contemporaneous 
lava  flows,  but  the  very  similar  ro'ks  from  Locli  Awe,  Mr.  J.  B. 
Hill  regards  as  intrusive.  There  can  be  no  question  that,  as  a 
whole,  the  hornblende-schists  are  intrusive  sheets.  This  can  often 
be  proved  by  their  transgressive  junctions  and  their  fine-grained 
chiQed  edgea  Where  the  original  structures  can  be  traced  they 
are  those  of  slowly  cooled  masses.  Occ^isionally  they  induce 
contact  alteration  m  the  sediments  they  break  through.  This, 
in  most  cases,  amounts  only  to  a  slight  induration,  but  on  the 
Blackwatf  r  in  She<^t  H'h  a  slate  can  be  shown  to  j»ass  at  its  contact 
with  an  intrusive  mass  of  gabbro,  epidiorite  and  serpentine,  into 
asilvcry  yiica-schist  with  large  crysUiIs  of  sUuirolite  and  anduiu.sitc. 
Such  evidence  of  thermal  alteration,  however,  is  excootional. 

The  rocks  which  are  being  mapped  by  the  Geological  Surve^r  as 
"Green  Beds"  include  a  very  great  variety  of  petrogiaphical 

•    SVr  ^fr.  Kyiiii.st^m'H  remarks,  Summnrff  of  Progr^o/ the  GeologUa^ 
Survey  of  the  United  Km^dorti  for  IHIR),  p.  33^ 
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l>r.J8.FleU.  tv(>ti8.  Tlioy  are  u  group  of  sedimentary  rocks  characteriMxl  by 
tno  abundanoe  of  chlorite,  epidote,  or  hornblende,  and  this  givos 
them  a  gpreen  colour  and  a  peculiar  method  of  weathering.  In 

UiC  south-western  part  of  the  Southern  Highlands,  in  Cowiu,  and 
Oil  liOch  Lomond,  tliey  are  mostly  cliloritic  andepidotic  grits,  and 
rarelv  eontiiiTi  liornhlende.  But  the  "  Green  Bcls  "  of  (^entral 
Pcrtlishire,  and  of  Forfarsliire,  arc  rich  in  hornbleinle  and 
et)nsiitute  a  remarkable  series  of  hornbloude-schists  of  scdimonUvry 
origin.  Mr.  Cunningham  Craig  has  paid  special  attention  to  tho 
"  Green  Beds/'^  and  in  the  vallejr  of  the  Tay,  near  Aberfeldy 
(Sheet  56),  he  has  found  that  it  is  often  a  matter  of  some  difficulty 
to  distinguish  between  the  intrusive  hornblende-schists  and  those 
Ijelonging  to  tho  "(Jrccn  Bc<l  "  serio*<.  As  a  ride  indic^iti  'Tis  are 
not  wanting  which  enable  the  tield-geologist  to  disfnininato 
Iwtwecu  them.  The  "  (rreon  Be<ls  "  may  be  socn  to  pass  i^'radually 
into  sheared  grits  by  iucreiuse  in  the  projxirlion  of  ipiartzoso 
detritus  ;  the  intrusive  homblende-achists  show  fine-grained 
chilled  edges  and  the  coarser  cmtral  parts  of  the  sheets  have 
a  quite  distinctive  appearance.  But  it  is  a.stonishing  how  closely 
the  rocks  of  one  group  may  resemble  those  of  the  other.  Some 
**  Green  IVf Is  "  arc  tine-graineil,  well  foliated  hornblondc-scbists, 
with  a  little  qiuirtz  and  felspar,  and  not  uncniTimonly  l)iotitr  .in<l 
garnet.  There  is  very  little  to  distinguish  them  from  llie  liner 
epidioritcs,  but  a  careful  search  of  the  outcrops  will  usually  show 
the  presence  of  pebbly  bands  containing  larffe,  well-rounded 
grains  of  quartz,  ODviousIy  clastic  in  origin,  where  the  met^^- 
morphism  is  greater  the  pebbles  an;  drawn  o  u  int^>  <^raniditic 
quartzose  anj^'cn.  and  appeiu*  gradually  to  blend  with  tno  schist 
and  Ix^coinc  lost  in  tho  foliated  iTintrix  of  ibo  rock. 

Of  the  older  «,aanite.s  little  that  is  new  lum  this  yt^ar  been  as- 
eerUiined.  They  iiya  well  knoivn  to  inclu<le  types  ranging  from 
extremely  acid  musoovite-gnoissos  and  peginatites  to  biotite- 
gneisses  such  aa  that  of  Ben  Yuroch,  and  are  believed  to  have 
effected  great  contact  metamorphism  in  cerUiin  districts. 

During  the  yejir  1901  tlie  principal  area  of  the  newer  gmnitcs 
in  Scotland  to  be  submitted  to  microscopic  ex.aun'nntion  was  that 
of  Ben  Hinnes,  in  Elginshire,  wbicb  provefl  to  contain  the  usual 
a.sso<*!ation  of  biotite-granite,  diorite  and  augite-<liorit(\  with 
subsi<iiary  nuks.ses  and  veins  of  muscovite-granite,  »u»lito  and 
muscovite-|x)gmatite.  On  the  east  side  of  Loch  Lomond  a 
mass  of  hyporsthene-diorite,  or  hyprite,  already  known,  has 
been  further  examined,  and  shows  some  interesting  contact 
phenomena.  At  Nctherly,  near  Rothes,  Elginshire,  a  mass  of 
diorite,  one  of  tho  facies  of  the  newer  granite  of  lien  Rinncs, 
has  tjunverted  the  micaceous  schists  of  the  ]\b>in(^  series  into 
cordierite-hornfclses,  with  andalusite,  sillimaiiit(%  and  ^jaruet. 

The  dyke  rocks  of  tlie  Southern  Highlands,  associated  with 
the  newer  granites,  have  roceived  much  attention  and  study, 
both  in  tho  field  and  with  tlie  mlcroscopa   Their  great  abim- 
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dance  and  diversity  niakas  them  a  poeuUarly  tasciimting  subject.  ]>r.J.&FUtt. 

Their  n  liilions  to  the  newer  granites  are  always  sufficiently  close 

to  estal)lish  ii  coTnTrmnity  of  origin,  thor.Lfli  there  are  eases  in 

vhieli  tliey  cut  the  ^Taiiites,  and  others  in  which  ihe^' arc  ahered 

and  hurntdsed  by  adjacent  granitic  intmsions.    Iwo  distinct 

series  of  dykes  can  be  established — ^the  porphyries  (and  porphy- 

rites)  and  the  laniprophyres.   Space  wul  not  permit  of  a 

discussion  of  the  classification  of  the  dyke  rocks  as  a  whole,  but 

a  few  remarks  may  be  made  on  the  most  difficult  group,  the 

lamprophyrcs. 

Owin^'  jMirtly  t4i  their  inherent  variety,  |)artly  to  the  great 
reaiiincss  with  which  tliey  decompose,  and  partly  to  their  pro- 
penidty  to  develop  distinct  facies  in  different  parts  of  their  course, 
It  is  no  easy  matter  to  say  exactly  to  what  subdivision  of  the 
group  any  particular  example  is  to  be  assigned.  Their  essential 
minerals,  biotito,  brown  hornblende,  orthoclase,  and  plagioclase 
are  often  all  present  in  th<»  same  spe<'!nien,  and  may  occur  in 
any  n  lative  ])ro|X)rtion.  Tlie  classiHc^itioii  at  present  in  use 
is  simple,  auil  appears  to  1m3  tlic  most  satisfactory  that  can  l>o 
projXKsed,  thougu  admitttJtUy  there  arc  individual  occurrences 
which  lie  on  the  border  line  between  the  various  groups.  The 
dykes  consisting  principally  of  biotite  and  orthoclase  are 
minettes;  of  hiotiteand  plagioclase,  kersantites;  while  those  in 
which  homhlende  prc{)onderates  fall  into  the  vogesites  (ortho- 
clase a!ul  hornhlendc),  and  the  spessartites  (plag^ioelase  and 
hornblende).  For  rocks  containing  both  hiotite  and  hornblende 
there  is  a  choice  of  terms :  mica-vogesilc  or  hornblcnde-minctlo, 
and  miea-sucssartite  or  hornblende- kersantite.  the  use  of  wliich 
will  dc))end  on  whether  hornblende  or  biotite  is  the  dominant 
ferro>nin*nieKian  mineral  Thus,  if  the  section  contains  ortho- 
clase with  hornblende  and  a  subordinate  amount  o£  biotite,  tho 
liist  named  may  be  regarded  as  an  accessory  mineral,  and  the 
(h  ^i</nation  employed  would  bo  mica-vogeaite  or  mica-bearing 
Yogesile. 

The  grouping  juloptenl  is,  however,  entirely  arliticial,  and  it 
should  not  be  for^tten  that  a  vogesite  dyke  may  pass  into 
minette  or  spessartite  as  it  is  traced  along  its  course.  Afiirther 
difficulty  arises  from  the  rapid  decomposition  which  characterises 
the  lamprophyre  group.  They  are  often  so  charged  with 
secondary  earbonates  that  the  determination  of  their  felspar  is 
impossible.  For  tliese  and  other  reasons  it  is  advisiible  to  retain 
the  Lreneri(!  desij.(uaf ion  "lamprophyre"  to  mark  the  outcrops  as 
shown  on  the  maps. 

A  word  may  be  added  regarding  the  term  spessartite  and  the 
relations  of  the  spessartites  to  the  camptonitcs.  As  Rosonbust  h 
has  pointcnl  out  tliere  are  two  series  ot  lamprophyrcs,  consisting 
essentially  of  plagioclase  felspar  and  hornblende,  which  ditt'cr  so 
greatly  from  one  an()ther  in  j)liysioal  rharaeters,  ehcinical 
coni{)osition  and  geological  athnities,  that  ihc^-  cannot  be  united. 
The  spessartites  Mong  to  the  ^ranitic-ditjritic  magmas,  and  are 
associated  with  vogesites,  mmettes,  and  kersantites.  The 
camptonites  are  associated  with  alnOites,  monchiquites,  and 
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tfi,J,&,¥iMU  foiirchites,  nnd  seem  to  have  been  mostly  emitted  from  foyaitc, 
essexite,  and  theralitc  magmas.  The  spuj^sartiteii  are  rather  of 
intermediate,  the  camploniLt^  of  highly  basic  character.  The 
deep  red-brown  hornblende  of  the  camptonites  differs  con- 
siderably from  the  paler,  often  greenish-hrown  homhlende  of  the 
flpeflsartites,  ond  while  ouartz  is  ireauent  in  the  latter,  it  is 
ahsent  from  the  former.  The  augite  or  the  camptonites  is  dark 
pnrplisli-brown,  of  the  spessartitfs  mostly  pale  dear  green.  At 
prefjcnt  it  cannot  be  said  with  cerlaiiity  that  typicjil  eamptonitcs 
Qo  not  occur  in  the  Southern  Higlilands,  as  certainly  some  very 
basic  hornblende  bearing  lamprophyres  are  known  there,  but  if 
they  do  occur  they  arc  rare. 

ft  will  he  noticed  that  according  to  Uie  nomenclature  here 
adopted  the  "camptonites"  will  hesubdivided  into  the  spessartites 
and  camptonites,  and  the  former  are  for  the  most  common 
throughout  Scotland. 

In  the  report  of  this  de}>!irt!iient  for  the  3'ear  lUOO,  Mr.  Teall 
has  recorded  tlio  very  iiiipurtant  observation  that  in  A.ssynt 
(Sutherlaudshire),  the  dark  coloured  hornbleiidic  lamproplu  res 
are  accompanied  bv  a  light  coloured  fekpathic  series  which  he 
calls  *'  felsites."  We  have  in  &ct  a  development  of  complement- 
ary rock  suites,  a  melanocratic  and  a  leucocratic  group  forming  a 
diaschist-complex  as  defined  by  BrOg«^er.  It  lias  loni^  been  known 
that  in  the  Southern  IliL,ddan(Is  there  arc  |i.de  i'elspfithic  dykes 
which  have  been  variously  named  ielsites,  orthofelsues, 
trachytes,  etc.  Their  close  relation  to  the  lamprophyres  has 
been  noted  by  more  than  one  of  the  field  officers.  Tney  consist 
almost  entirely  of  orthoclase,  are  often  fine  grained  and 
frequently  por^h^itic.  One  point  is  of  some  importance  as 
regards  tneir  ongm.  and  that  is  that  they  often  show  the  large 
corroded  xenocrysts  of  quartz  so  common  in  lamprophyric  rocks, 
while  quartz  is  usually  absent  from  the  j^roundmass.  It  is 
in  every  way  probable  that  we  have  here  a  leucocratic  eoninle- 
nientary  series  to  the  melanocratis  lamprophyres,  such  as  lias 
already  been  shown  to  exist  in  Sutherlandshire. 

A  further  interest  has  been  lent  to  the  study  of  the  dyke  rocks 
of  the  Scottish  Highlands,  during  the  past  year,  by  Mr.  Grant 
Wilson's  discovery  in  Glen  Finnan,  Invemess-shire,  of  an  occur- 
rence of  typical  n)alchites(Rosenbusch).  Thnnirh  they  lie  outside 
the  area  with  whiidi  we  have  been  detiling  in  this  Keport,  they 
are  of  sufficient  interest  to  merit  a  brief  description. 

The  malcliite  dyke  rocks  from  Glen  Finnan  are  grey  and  fine- 
grained, consisting  of  hornblende  and  plagiodase,  never 
conspicuously  porphyritic  in  the  hand  specimen,  and  bear  a 
general  resemblance  to  fine-grained  diorites,  though  on  the 
whole  paler  in  colour  tlian  the  majority  of  dioritic  rooks.  Many 
of  them  exhibit  a  parallel  structure  which  in  most  cas^  is  tbie 
result  of  fluxion ;  others  are  entirely  massive. 

Although  consisting  essentially  of  hornblende  and  pla^ioclase 
they  contMn  as  a  rule  more  or  less  Hotite,  and  this  may 
so  mcrease  in  quantity  as  to  almost  entirely  replace  the  horn- 
blenda  A  certain  amount  of  orthoclase  may  be  present,  and 
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ooeasionaUy  a  very  little  quartz.   The  accessory  minerab  include  Dr.J.aFhlt 
8phene»  afMOite,  magnetite  axkd  siroon,  while  epidote,  chlorite, 
Tutile,  calcite  and  muacovite  aie  secondaiy.    One  specimen  con- 
tains orthitc. 

The  hornblende  is  in  small  prisms  often  perfectly  idioniorpliic 
in^  transverse  section,  but  usually  elongated  and  irregularly  tor 
miuated.  Its  colour  is  pale  green  to  dark  crrccn,  or  dark  lilnish- 
wreon,  and  a  very  cliaracteristic  icature  is  the  presence  oi  niinute 
aeak  enclosures,  which  have  a  regular  orientation  within  the 
ciystaL  Often  the  cxystals  have  a  clear  centre  surrounded  by 
ene  or  two  zones  dark  and  turbid  with  these  enclosures,  while  the 
external  margins  may  be  transparent  and  free  from  them. 

The  biotitc  is  sometimes  fox-brown,  at  other  times  greenish. 
It  forms  small  irregular  scales  devoid  of  crystalline  form. 
Biotitc  and  homblenue  are  often  aggregated  tc^ether  to  form 
elon^ted  clusters  which  may  be  conspicuous  in  the  hand 
specmien,  giving  it  a  streaky  appearance,  suggesting  foliation. 

The  felspar  is  mostly  plagioclaae,  but  in  some  of  the  slides  there 
seems  to  oe  a  certam  amount  of  orthoclasa  The  prevailing 
felspar  is  perhaps  andesina  Quartz  in  most  oases  is  practically 
absent. 

The  stnictiirc  is  rommnnly  |)4inidiomorphic,  all  the  minerals 
showuig  some  idiumorphiiini,  and  ihia  is  especially  true  of  the  hom- 
Uende  and  the  felspar.  Some  of  the  slides  are  really  porphyritic, 
hornblende  and  plagiodase  appearing  in  small  idiomorphic 
phenodysts  in  a  groundmass  of  irregular  smaller  felspars.  The 
phenocrjnsts  are  never  lar^,  and  the  porphyritic  character  is  not 
obvious  in  the  hand  specmiens. 

Several  of  these  dykes  corresjKjnd  exactly  with  certain  types  of 
malchite  iis  described  by  Osjinn  *  Chelius.f  and  Rosenbusch.J 
Others  show  not  uninipoi-tant  divergence  from  the  original  types. 
A  description  of  these  may  be  conveniently  reserved  till  the 
mapping  of  their  area  of  distribution  is  more  udvanced,  and  more 
is  uiown  about  their  varieties  and  mode  of  occurrence. 


III.  CHEMICAL  WORK. 

Durii^  the  first  half-year  analyses  of  rocks  and  minerals  for 
officers  m  the  field  wsd  for  the  Petrographical  Department  were  ^^'^^ 
made.  In  June  Mr.  R  G.  Radley  was  appointed  as  general 
assistant  in  the  laboratory.  During  July  and  August  various 
analyses  were  made  amongst  wliicn  mit^ht  he  mtrntioncd  a 
rottenstone  and  the  unaltered  Hniestone  from  which  it  is 
derived,  for  Mr.  Cunlrill,  a  coal  from  the  Colonial  Otfice, 
and  a  coal  seam   which  passes  laterally  into  dolomite,  for 

♦  UiMuin,  A     Uelter  diuritisdte  GaiwatnUiHe  int  (j  U  nioald.    Mitth.  d* 
OfOMh.  Bad.  G«oL  landManBt,  1888.  If.  p.  38a 

t  Chelius,  C.  ''DasOranitimts.sIvdesUeUbociuundBeineQaiiggestetne.'' 

Noti^M  IV./.  Erhin'h\  1  >arrn'?tadt.  mH. 

\  Koscnbusch,  H.    Mtkt  oskojti9clu  rhi/suj</i  aj*Jiie,  B.  II.,  p.  448.  1896 
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I  I  \v.  Mr.  Stiuhan.  In  August,  at  Mr.  St  ralwm  s  request,  the  chenimt 
i'oUaiU.  ggj^j^       Swiinseii  to  (confer  witii  aiul  receive  in55tnicti(>n 

from  Mr.  C.  A.  Seyler,  B.Sc.,  F  TC.  etc.  (Public  Analyst  for 
lilt)  t;oimtie.s  of  Oirinarthon,  Glainorpin,  Peiiihroke,  and  the 
13orough  of  Swan.scyi,  and  District  Agricultural  Analyst  for  the 
county  of  Glamor|;an),  in  connection  with  the  analyses  of  coals 
from  the  South  WkXes  Coalfield. 

In  October  tlu^  analyses  of  these  coals  was  commenced,  and 
the  tirst  ton  samples  completed  by  the  end  of  the  year. 

Owing  to  the  nicrensod  (Icinaiid  on  the  part  of  the  ofticers  in 
the  tiola  and  the  Pt'troi!:rui)lii(  al  Department  forcheinical  investi- 
pilioii,  it  hius  been  found  necessiiry  to  provide  for  u  second  time 
teniporury  accommodation  sutticieiit  f< n  an^Jther  worker.  For  this 
purpofie  the  galler^r  leading  to  the  chemical  laboratory  is  to  bo 
fitted  with  a  working  bench,  etc.»  where  Dr.  Flett  hopes  to  be 
able  to  perform  certain  investigations  in  connection  with  petro- 
logical  work,  as  the  chemist  and  assistant  are  fidly  employed 
on  problems  envoi ved  by  the  mapping  of  the  South  Wales  Coal- 

ticid. 

In  the  following  report  the  most  interesting  portions  of  the 
yearns  work  in  the  laboratory  will  be  found,  together  with  a  short 
account  of  the  methods  of  analysts  in  use  in  connection  with  the 
coal  investigation. 

The  sincere  thanks  of  the  Geological  Survey  are  due  to  Mr. 
Seyler,  for  his  kindness  in  assisting  and  advising  on  this 
investigation. 

ANALYTICAL  .MKTHODS  IN  I  SE  IiN  CONNECTION  WITH  TUE 
EXAMINATION  OF  SOUTH  WALES  COALS. 


The  methods  in  u.se  in  connection  with  this  invostiirat ion  are 
given  rather  tully,  as  it  is  well  known  in  cuai  analysis  that  sli|(ht 
variations  in  methods  (es^cially  in  the  determination  of  volatile 
matter)  may  produce  considerable  variations. 

Most  of  these  methods  are  practically  the  siime  as  those  re- 
commended hy  the  Commission  on  Coal  Analysis  of  the  American 
Chemical  Society  {Joiirtt.  Am.  Chfm.  Soc,  ISDiJ,  vol.  xxi  ,  p.  1 1 1(>). 

Sampliwj. — 'fhc  samples  as  roeeived  at  the  laboratory  are 
packed  in  lari^e  hiscuit  tins  which  are  enelosed  in  wooden  boxes. 
The  weight  of  the  siunple  is  about  20  to  80  lbs.  and  usually 
contains  no  pieces  larger  than  a  small  orange.  All  pieces  laiger 
than  a  walnut  are  crusheil  in  a  small  Marsden-Blake  crusher. 
The  sample  is  then  thoroughly  imitedand  quartered  in  the  usiial 
way  to  about  5  to  10  lbs.  This  portion  is  again  pjussed  through 
tlie  crusher,  united  aiul  quartered  to  about  ^Ib.  This  is  at  oiiee 
transferred  to  a  .sLup|H;rfd  bottle  and  suhscnuently  <j:roiind  in  a 
cotteti  iiiiil  .set  hne.  The  powder  is  at  once  transferred  to  two 
Stoppered  bottles,  one  for  analysis,  the  other  being  at  once  tied 
down  and  sealed  in  case  it  should  be  required  for  future  referenca 
The  rest  of  the  coal  is  at  once  replaced  in  its  tin  and  also  tied 
down  and  sealed. 
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It  slioul<l  1)0  mentioned  thut  a  sniall  qnaulity  (iiUnit  150  l>r.  w. 
j»Tamiiics)  of  tholast  quartoniiir"^  nnt  rennire<l  tor  saiiiplt*  arc  paRsed  '*""»'^ 
thi»>ut!fh  the  mill  immediafuiy  beloro  llie  sjini|)lti  fur  analy.sis  is 
grouiitl,  to  remove  any  duster  remains  of  a  lormer  coal  left  in 
the  mill.  The  amount  of  coal  left  in  the  mill  which  miffht  bo 
thought  to  influence  the  next  sample  ground  is  so  smaU  as  to 
render  tt  unnecessary  to  take  the  null  to  pieces  after  each  time 
of  usin^.  The  mill  has  been  taken  to  pieces  several  times  and 
on  no  occasion  lias  more  than  a  gramme  of  eoa]  Iv-vn  found  in  it. 
As  at  least  ."iOU  grammes  of  wich  siimple  go  throuj^h  liio  niill  (not 
to  incut  ion  the  Hrst  150  «»Tnnnnes  alluded  to  above  for  cletuiing 
purposes),  ii  will  lio  seen  that  no  apprceiablc  error  eould  arise  on 
this  account. 

The  sample  in  the  condition  in  which  it  comes  from  the  mill 
is  usccl  for  moisture  and  volatile  matter  determinations.  This 
will  be  alluded  to  as  "  coarse  moist"  coal.  For  other  determina- 
tions sonic  of  this  is  tj^ronTHl  ii^  a  mortiir  to  puss  the  50-boIo 
sieve.  Moisture  is  delernuncd  on  this  sample  also,  30  that  all 
results  can  be  cak  idated  to  the  "  coarse  moist  coal." 

Volatile  matter  is  determined  on  the  fine  a.s  well  as  the 
coarse.  In  most  cases  the  same  value  is  obtained.  Should  any 
appreciable  difference  bo  found,  both  are  given. 

It  is  a  well'knewn  ffuii  that  roal  loses  moisture  when  ground 
fino  in  a  nmrtar.  Many  samples  of  this  arc  ^iven  b^  the  Com- 
mission on  Coal  Analysis  of  the  .\nH'ri<an  ChemiCii!  Societv 
{l4»-.  rlf.).  Some  data  obtained  in  tliis  laboratory  in  connectiou 
with  thin  are  given  under  "  Moisture  "  p.  74. 

The  sample  for  specific  g[raviw  determination  is  taken  from 
the  last  quarterings  not  reouiredfor  theanalvsis  sample,  and  that 
p*>rtion  only  is  used  whicn  passes  the  8-hoIe  and  is  retiiinal  on 
the  l(j-hole  sieve.  In  some  eases  this  sample  contains  consider- 
riblv  more  moisture  than  the  others,  partly  duo  no  doubt  to  its 
not  btring  so  loiiv'  exposed  to  the  air  before  being  bottled. 

Mat  ml  are. — (Uetermiucd  both  on  coarse,  line  and  specific 
gravity  samples.) 

One  gramme  of  coal  is  heated  in  a  Victor  Myer  hath  (toluene 
being  used)  for  one  hour  exactly.  The  temperature  obtainecl  is 
about  105". 

The  coid  is  weiglie<l  off  between  clipped  watch  glas.ses,  healed 
uncovered,  CO verei I  imuuMliately  on  removal  from  the  l)ath  and 
allowed  to  cool  in  a  desici-ator  *  Tt  is  weighed  about  half-an* 
hour  after  its  removal  from  the  batii. 

The  coarse  moist  sample  is  also  dried  in  vacuo  with  sulphuric 
acid  pumice  m  a  Hempei  desiccator  for  twentv-four  hours.  Moie 
moisture  is  often  obtained  by  this  method!  (Of.  Jom*n.  Am, 
Vke^n.  So^.,  U>c.  cit.) 

The  data  obtained  by  drying  at  105".  for  one  hour  are, 
however,  always  used  in  calciilatinj^'  the  analyses,  as  this  is 
iKjlieved  to  bo  the  method  of  determination  most  frecjuently 
employed- 

*  Sulphnrifi  acid  pumice  U  uwd  in  all  deaiccators  in  this  investigation. 
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Dr.  w.  Duplicates  (by  the  same  motkod)  should  agree  within  1  per 

Pollard.  c^nt. 

'J  he  luiiowing  table  gives  moistures  determined  on  different 
samples  at  105",  and  on  the  "  coarse  moist"  coal  in  vacuo  with 
sulpnuiicacid: — 


^     

M  UMn  Vacuo  wllh 

One  Honr  at  105'. 

.Samjilc  No. 

Sp.  (Jr.  Sample. 

CoaiHC  Moiat. 

Fine  :>0  Hole. 

C'(>ar«e  Moist. 

1 

1-41 

1-50 

1-22 

1  -.^o 

2 

2-47 

1-97 

2-24 

3 

3rOi 

1-93 

reo 

200 

4 

272 

217 

1*97 

2-47 

6 

2-70 

2-76 

2*39 

282 

6 

■80 

•87 

•86 

*8S 

7 

1-55 

1-58 

110 

IGl 

8 

110 

112 

114 

110 

9 

S'48 

212 

1-73 

216 

10 

1-79 

S'13 

1^79 

fr€S 

The  ahnjve  llguies  represent  the  mean  ol  two  or  more  determiu&tionii. 


VoUitile  Md  fJe  r — One  gramme  of  coal  is  heated  in  a  platinum 
crucibl''  witli  '.VI 11  tit!  ing  cover,  supported  on  a  platinum  triangle 
over  a  bunscu  givmg  a  iiame  of  20cm.  high  lor  seven  minutes 
exactly. 

Bottom  of  crucible  8cm.  above  mouth  of  burner.  Gas  pressure 
50mm.  of  ^vater. 

The  (liiiiensions  of  thocriicihle  employed  are — Height,  40mm.; 
diameter  at  haso,  24iiim. ;  at  top,  34nnH.,  capsule  cover. 

A  rvlinder  of  clay  or  asljcslos  hoai-d  of  a)x)ut  12ciu.  diameter 
slioiilil  Ue  used  to  prevent  draughts  from  influencing  the  llamo. 

Loss  (jf^veiglit — Moisture  =  volatile  matter. 

Duplicates  should  agree  within 

•15%  on  coals  containing  up  to  15%  of  volatile  matter. 
'30y^  „     „         „         over  15%  „      „  „ 

It  should  be  l>orne  in  mind  that  to  some  extent  at  least  the 
value  found  tor  volatile  matter  (lei)ends  on  the  size  of  crucililc, 
tightness  of  cover,  strength  of  tlume,  etc.  It  is  therefore  imporUmt 
in  making  this  deternunation  to  keep  as  closely  as  possible  to 
definite  conditions  in  order  that  the  figures  found  lor  various 
coals  should  be  comparuljle. 

The  method  of  Meade  and  K.i\A\  {Joaim.  Am.  Chem.  Soc.,  1899, 
vol.  xxi.,  p.  1137)  of  heating  a  second  time  under  idcntic?d  con- 
ditions, and  subtracting  the  second  loss  from  the  first  is  being 
tried,  but  as  yet  sufficient  data  are  not  avjiilahle  for  conunent. 

Aik. — As  the  main  importance  of  knowing  the  exact  amount  of 
ash  in  a  coal  is  to  get  the  amount  of  oxygen  as  near  as  possible*  it 
has  been  considered  best  to  estimate  the  ash  left  in  the  platinum 
boat  from  the  carbon  and  hydrogen  detennination. 
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In  some  cases  tlus  agrees  perfectly  with  the  Yalue  obtabied  by  Dr.  W. 
ashing  in  a  muffle,  whilst  in  others  the  lesults  vaiy  con-^^'l^ 

sidcrably. 

Tliis  Mppears  to  be  due  to  the  fact  that  in  the  mutiio  there  is 
less  oxidation  thm\  in  the  combustion  tube,  as  might  bo  ex jk3c  ted. 
This  seemsto  ho  Uorne  out  by  the  fact  that  the  "  sulphur  iuiish  " 
obtained  from  ash  from  nmmc  has  (in  every  case  where  estimated) 
been  found  appreciably  lower  than  the  "  sulphur  in  ash "  from 
the  boat 

It  may  also  possibly  be  due  to  a  slight  extent  to  alkalis  being 
partly  driven  off  in  the  muffle,  where  the  temperature  is  probably 
nic^hcr  than  in  the  boat  *  This  lias,  however,  not  as  yet  ncen  in- 
vest io-ated,  but  should  opjMjrtuiuty  subsequently  occur,  it  will  l>o 
lookud  into.  This  variation  of  ubIi  obtained  in  the  muffle  and  in 
the  boat  has  frequently  been  obaerred  and  mentioned  by 
chemists. 

Duplicates  (by  the  same  method)  should  agree  to  within  '1% 
up  to  about  4%  of  ash,  and  to  within  *2%  above  4%  of  ash. 

Fixed  Carhovnceous  T^ef^lrjnp. — Obtained  by  subtracting  ash, 
ohitile  matter  and  moistiue  from  lUO. 

Total  Sidph  wr. — The  method  of  M.W.  and  J.  Atkinson  has  been 
adoDted  with  very  slight  alteration. 

The  followuu[  descrij^on  of  the  method  is  taken  from  the 
report  of  the  Gonmussion  on  Coal  Analysis  of  the  American 
Cnemieal  Society,  1809,  vol.  xxi.,  p.  1116.  [See  also  Journ, 
Sue.  Ckem,  InoL,  Mch.  29, 1886.  Joum.  Iron  and  Steel  Inst,  No. 
2, 1896.] 

"  One  granmie  of  finely  ground  coke  or  coal  is  mixed  thoroughly 
"  with  five  grammes  of  dry  sodium  carbonate  spread  evenly  over  the 
"  bottom  of  a  flat  or  shallow  platinum  dish,  and  the  latter  placed 
*' on  a  rectangular  rest  made  of  clay  pipe  stems  inside  a  muffle, 
"  which  though  hot  is  still  black.  The  temperature  of  the  muttle 
**  should  be  raised  gradually  during  half  an  hour  to  dear  cheny 
"  redness,  and  then  kept  at  the  latter  temperature  for  10  or  15 
**  minutes.  The  sodium  carbonate  should  not  sinter  or  fuse.  The 
"  mass  should  not  be  stirred.  When  the  carbon  is  burned, 
"  u.sually  in  about  45  minutes  in  all,  cool,  digest  with  1 00  to  200cc. 
"of  warm  water, allow  to  settle,  decant  through  a  filter,  and  wash 
"  twice  by  decautation,  and  then  on  the  filter  adding  a  few  drops 
"  of  a  solution  of  sodium  chloride  if  the  residue  tends  to  pass 
"  through  the  filter.  The  filtrate  is  acidified  with  12cc.  concentrateid 
**  hydrochloric  acid,  and  precipitated  with  barium  chloride." 

To  avoid  any  possibility  of  all  the  sulphur  not  being  oxidised  to 
sulphate  before  acidifying,  it  has  been  tliought  advisable  to  add  a 
'  little  bromine  water  (about  15cc.)  before  the  addition  of  the 
hydrochloric  acid.    It  has  also  been  found  necessary  to  heat  in 
the  muffle  longer  than  45  minutes  to  bum  oHl  all  the  carbon. 


♦  It  is  well  known  that  in  the  determination  of  ash  in  plants, 
potash  is  not  infrequently  lost  by  volatilisation,  unless  great  caie  IB  used 
ID  the  ashing  and  the  tem[>erature  kept  uufiicieutly  low. 
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Dr.  W.  With  tho80  sli«rht  <leviatioiis  the  meth<»d  has  boon  strictly 

Follani.       adhcrcnl  to  with  most  siitisfuctory  results. 

The  muiUe  used  is  a  Fletcher,  No.  401  (hotited  by  gas).  Blind 

experiments  with  sofHnm  rnrhonatc  liavo  frequently  been  miule, 
l>oth  sinniltuneoiisly  with  and  scjwuately  from  sulphur  determina- 
tions, and  ill  no  (  ase  has  sulphur  been  tbund  to  be  absorbed  from 
the  ga^5.  It  is  always  necessary  to  test  the  reagents  used  for 
sulphur,  and  if  found,  to^  ^^pp^y  the  correctiou,  as  it  frequently 
happens  that  small  quantities  of  sulphur  (which  in  some  cases 
might  be  sufficient  to  give  1%  in  the  coal)  are  to  bo  found  even 
jn  sodium  carbonate  "  ruriss." 

Duplicates  shoidd  a^ree  within  1"  „. 

Sill ph  in'  iv  (tnh, —  This;  is  obtaine<l  from  the  nsli  from  the 
T)liilinuui  lM)at  after  combustion.  The  »ish  is  uvapurated  with 
nyilrochloric  acid  to  dryncs.s,  taken  up  with  hydrochloric  acid  and 
hot  water,  solution  filtered,  and  the  sulphate  precipitated  with 
barium  chloride  in  the  usual  way.  The  amount  ofsulphur  ob- 
tained here  substracted  from  the  "  total  sulphur/'  gives  "  cora- 
bustible  sulphur." 

N'itnxfca. — Kjeldahls  method  has  so  far  been  exclusively  used, 
althongli  it  is  proposed  to  do  a  ctTtaiii  number  by  combustion 
with  soda  lime  tor  the  sjike  of  comparison.  1  gramme  ot  co.d  is 
heated  with  20cc.  concentrated  sulphuric  acid,  8  grammes  ilry 
potassium  sulphate, and  a  bead  of  mercury  till  colourless.  Allow 
to  cool,  and  pour  into  aflask  of  about  lOOOcc  Cjij^icity,  containing 
a1)out  200cc.  water,  rinse  out,  etc.,  and  when  colU  add  80cc. 
of  a  50"',,  sobuiim  of  smlinni  hydrate,  and  20cc.  of  a  4"/, 
solution  of  pot^issium  sulphide.  IHstil  (usinj^^n  good  sjilasli  bead) 
collecting  distillate  in  20cc.  acid.  Titrate  buick  or  alkali 
Indicator  Methyl  orange. 

The  mercury  (and  hence  potassium  sulphide)  may  be  omitted 
[Lunge,  Clum.  Techn.  UntersiickuTiffemetMden,  4th  edn..  Vol.  1.,, 
p.  228] ;  in  fact,  in  the  determinations  made  so  far  one  nitrogen 
estimation  has  been  made  with,  and  one  without,  the  ^in  r(  ury, 
tlie  only  ditierencc  observed  being  that  the  one  with  the 
mercury  becomes  colourless  sooner  than  tltat  with  potassium 
sidphate  only. 

Blind  experiments  should  be  made,  and  it'  necesikiry  a  correction 
applied. 

Duplicates  to  agree  to  within  1/ . 

Carbon  and  Hi/dnnjen,  Adi, — Jenii  ghiss  combustion  tubes 
about  llOcm.  long  and  12  to  15mm.  internal  diameter  are  used. 
They  are  filled  as  follows : — 

Copper  oxide  roll  C  to  8cm. 
»S|)ace  for  lK>at  1(5  to  -HM-m. 

C'opi)er  oxidi:  fiDHi  wire,  iit»t  Umj  cujtrse,  about  OOcm. 
It&M.  ehi-r>iimto  pumice  icin. 
fciilver  spiral  7cm. 

The  furnace  used  is  a  Fletcher  combustion  furnace,  No.  2 
pattern,  36  inches  long.  The  boat  is  of  pktinum,  10cm.  long. 
The  purifying  train  (one  for  air  and  one  for  oxygen,  with  a  three- 
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way  tap,  so  that  the  can  be  changed  at  once)  consists  of  an  Dr  ^^^ 
Emmerling's  absorption  tube,  fill**!  with  puniiee  about  the  size  PoU«d. 
of  peas,  which  is  freshly  drenche(i  witli  1  in  2  potash  before  each 
couibustion  35  to  40cni.  lonff,20niiii.  internul  diameter.  Two  wash- 
bottles,  the  first  with  potash  the  second  sulnhuric  acid,  followed 
by  two  hof^  U-tubes  with  pumice  satumtea  with  coneentrated 
sulnhuric  acid.  (The  pumioe  sliould  be  drenched  with  sulphuric 
ana  ignited  in  a  mufHe  to  expel  chlorides,  etc)  Between  the  three- 
way  tap  and  the  combustion  tube  :i  snirill  s^iilphuric  arid  wash- 
bottle  IS  plax'Cfl  (so  thrtt  the  rapidity  ot  the  «,'as  eurroiit  can  be 
easily  watehe<l),  followed  by  a  small  mercury  tra]). 

For  the  collection  of  water  a  U-tiibe,  tilled  with  sulphuric 
acid  pumioe»  is  used.  B^re  each  oomhustion  this  tube  is  filled 
with  concentrated  sulphuric  oveniight,  and  the  acid  drained  off 
immecliatelv  before  weighing. 

Gcissler  bulbs  are  used  for  absorbing?  the  CO,  with  a  diyiiur 
tiiVy*'  Hem.  long,  fille<l  with  freshly -crushed  potash.  A  small 
XJ-tulH\  with  snlphiu*ic  acid  pumice,  is  used  after  the  bidbs,  to 
absorb  any  moisture 'that  might  l>e  carried  over.  This  tnlKv, 
however,  seldom  gains  more  than  a  milligrammo.  1  inally  a 
protecting  tube  of  sulphuric  acid  pumice.  It  is  scarcely  neces- 
sanr  to  say  that  the  Dulbs  and  solid  potash  tube  are  refilled 
beK>re  each  combustion. 

Althou<di  it  is  unnecessary  to  go  into  details  about  the  com- 
bustion tno  following  points  may  he  worth  TTu>ntioning. 

The  lH)at  sliouid  contain  as  nciirly  as  (M>ssiblo'5  gramme  of  coal 
(when  dried).  This  has  been  found  the  most  convenient  amount 
to  work  with  for  accuracy.  The  fine-powdered  coal  (SO-hole 
sample)  should  be  used.  The  boat  and  coal  should  be  dried  at 
105°  for  one  hour  cxiictly,  cooled,  and  weighed  in  a  stoppered 
tube  immediately  before  req^uired. 

When  the  boat  is  pLu-ofl  ni  the  coml»ustioii  tulx\  it  is  host  to 
rest  it  on  a  stri|i  of  pht  luuni  foil,  to  pn-vcnt  it  Ironi  adhering 
to  the  tube  or  troiu  pu  kiii^^  rip  any  fra«^Miienti*  of  copp«'r  oxide. 

Before  coumiencing  to  hciit  the  l)OHt,  the  copper  a.\idc  must 
he  at  a  brisfat  red  heat,  the  silver  spiral  and  copper  roll  at  a  fiiir 
red  heat,  Uie  lead  chromate  at  a  dull  rod  heat.  When  these 
have  been  got  to  the  rerpiired  temperature,  the  lioat  is  gradually 
heated  (conimrncing  at  the  cop|X)r  roll  end)  in  a  gentle  aur 
ctirrent,  until  the  volatile  niatteris  prailicallx-  all  oti";  tno  oxvpren 
is  then  turned  on,  and  the  combustion  completed  iu  the  lisual 
manner. 

Duplicates  should  agree  within 

Hydrogen  Vi, 
V&rhou      2  y« 

It  is  of  the  grciitest  importance  that  the  copper  oxide  be  hot 
enough  before  the  boat  is  heated  at  all,  as  presumably  methane 
would  be  amongst  the  first  of  \\\c  volatile  prmliicts  to  come  off; 
and  it  is  well  known  that  this  gas  requires  a  high  temperature 
for  complete  combustion. 
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l>r.  W.  In  two  coin))ust  ion8  inaclo  recently,  there  seemed  some  reason 

PollanL  sus|)ect  that  methane  had  escaped  combiistion,  as  the  diftV  rcncc 

between  the  carbon  and  hydrogen  of  the  lower  to  the  higher 

resulb  gave  the  ratios  of 

C:H     1  t3*5aiid1 :3<8 

whilst  the  ash  in  each  case  agi  cod. 

On  repeating  these,  concordant  results  with  the  higher  value 
were  obtained.  Another  source  of  error,  when  duplicates  aj^roe 
in  the  hydrogen  hut  not  in  the  carbon,  maj  be  aue  to  all  the 
carbon  not  being  combusted,  n  little  remaming  with  the  ash. 
This  hiis  been  found  to  occur  on  more  than  one  occasion,  in  each 
case  the  coal  having  a  high  ctikine  power  and  considemble  iush 
(over  57oX  It  was  owing  to  thi^s  tiiuL  a  boat  lOcm.  long  ii»  now 
used  instead  of  one  of  the  usual  size^  as  the  ]mlf-gramme  of  coal 
can  be  spread  out  into  a  very  thin  layer,  thus  redudng  the 
chance  of  incomplete  combustion.  The  following  is  an  example 
of  the  error  just  dcscribeil. 

A  l>oat  5cm.  was  used,  and  the  caking  power  of  the  coal  was 
about  45. 

I.  II.  IIL 

C'  7972  79-97  fiO'lS 

H  4-75  4-76  4-82 

Ash  8-38  8*18  7"»8 

It  will  be  seen  tliat  the  hydrogens  all  agree  to  within 
whilst  the  carbons  are  varying  considerably.  Nos.  2  and  3  are 
within  the  limit  allowed  of  •2%,  but  No.  1  is  too  low.  On 
comparing  the  ashes,  it  is  seen  that  the  difl'erence  of  Nos.  1  and  2 
to  3  axe  and  *14  higher  respectively,  whikt  the  carbons  of  1 
and  2  are  respectiyely 

'41  ftnd  '1<1 

Assuming  the  ash  of  No.  3  to  be  nearer  the  correct  amount — 
the  ash  was  nearly  white,  whilst  1  and  2  were  grey — and  subtract 
the  ;}<h  of  No.  3  from  Nos.  1  and  2,  adding  the  difference  to  the 
carl)ou,  we  get  for  the  carbon 

HOIJ       HOll  80-13. 

It  has  been  suggested  liiat  onn  cause  of  low  carbon  results 
niij^dit  be  due  to  some  carbon  monoxide  escaping  combustion  to 
dioxide.  At  Mr.  Seyler  s  suggestion,  a  small  flask,  contaiuiuj^ 
a  dilute  solution  of  sodium  pafladium  chloride,  was  placed  behind 
the  protecting  XF-tube,  so  that  all  gases  escaping  from  the  com- 
bustion and  not  previously  absorb^  by  the  U-tube  and  pot^i^sh 
bulbs,  must  pass  through  this  solution,  and  render  it  possible  to 
detect  monoxide.  On  no  occasion  has  the  solution  been  darkened, 
in  spite  of  one  or  two  low  carbon  determinations,  which  could 
only  be  exphiined — as  the  hydrogens  and  ashes  agreed — by 
assuming  a  leak  had  occurred,  although  none  had  been  detected, 
or  from  some  other  cause  unknown. 

One  (»r  two  other  possible  causes  of  error  in  coal  combustion 
may  l>e  briefly  alhuknl  to.  The  carbon  percentage  may  be 
affected  to  a  marked  extent  by  the  way  in  which  moisture  is 
dotermined.   II  the  moisture  value  obtained  by  drying  in  vacuo 
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over  sulphuric  acid  more  nearly  represents  the  true  moisture  pr.  w. 
than  the  vadue  obtained  drying  at  lOS"*  for  one  hour,  in  certain  Fbilwd. 
casCvS  the  carbon  may  easily  be  a  few  tenths  of  a  per  cent,  out 
All  coals  analysed  in  this  laborat/)ry  have  moisture  detcrnnn.ations 
done  by  both  methods,  but  the  value  ohtnincd  l»y  <h-yin<^  at  105" 
for  one  hour  is  exclusively  used  in  calculatinj:^'  results,  as  this  i.s 
the  method  more  usually  employed.  The  carl)on,  hydrogen,  and 
ash  are  caalculated  first  on  the  cuy  coal,  and  suhseauently  from 
these  figures  on  to  the  **  moist  coarse  coal  and  aty  ash  and 
sul  phi  1  r- f rce  coal.  Ihe  following  example  illustrates  an  error  of 
the  kind  described : — 

M<nstiire  at  in:>''  one  hour  2"177o 

„     vacuo  8ult>hurk  acid  2*47  /o 

Carbon  on  dry  coal  ^  82-80'*/ 

Gakulated  on  to  the  "  coane  moist''  coal 

by  moisture  at  10."»°  81  (xr/„  Carboo 

by  moisture  in  vacuo  80767 

waiving  a  dit^brcnco  of  •24**/o  on  the  carbon,  which  is  outside  the 
limit  withm  which  dupliaites  should  agree. 

This  may  be  an  exceptional  case,  as  such  a  largn  diflference  as 
*3V*  in  the  moisture  determined  by  the  two  meth(^  is  not  often 
found.  Where,  however,  coals  rich  in  moisture  have  to  be  dealt 
with,  it  may  be  of  importance  to  use  both  methods  of  moisture 
determination. 

Two  more  sources  of  error  will  l>ejust  mcnlit»ned:  first,  the 
presence  of  carbonates  in  the  coal,  and,  secondly,  the  error  due  to 
pyrites.  A  discussion  on  the  latter  wUl  be  found  in  the  Report 
of  the  Coal  Analyns  Commission  of  the  American  Chemical 
Society  ^loc.  cit). 

In  <^culating  the  composition  of  coals  in  this  laboratoij  no 
correction  has  ocen  applied  for  eit])or  of  tlioso  (^rmrs,  as,  in 
connection  with  the  pyrites,  it  is  inn)osHil)le  to  s^iy  whether  the 
sulphur  may  not,  at  any  rate,  partly  be  in  combination  in  the 
coal. 

Caking  Powsr. — ^The  platinum  enicible  used  for  this  dt4»r- 

minalion  has  the  following  dimensions: — 

Diameter  at  top  42nini.,  at  bus  SOmm. 
Height  50min.      CapHule  cover. 

The  coal  is  powHrrrd  to  pass  the  50-hole  sieve;  sand  to  paKs  the 
40-hole  and  sUiy  on  the  lO-hoie  sieve.  Tlie  coal  and  siind  are 
mixed  in  varyinjj^  proportions,  hut  so  that  the  total  weight  of  the 
two  used  for  an  experiment  always  is  the  sunie ;  25  grammes  being 
the  weight  used. 

The  charge  having  been  placed  in  the  crucible,  it  is  heated 
exactly  as  for  "volatile  matter"  determinations,  allowed  to  cool, 
and  when  cold  the  cake  is  removed,  placed  on  a  flat  surface,  and  a 
500-gramme  weight  cautiouslv  place<l  on  the  cake.  When  the 
inikejuHt  cHLshes  the  caking  pow<)r  is  reached. 

The  caking  power  is  expressed  as  the  weight  of  sand  required 
per  weight  of  coal. 

Hhwi :      Caking  I'ower  ^     4      20*0  &-0 

9       22*5  2*5 
24       24-0  It) 
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Dr.  W.  The  tost  is  u  rough  our.  ami  not  capahle  of  grcul  accuracy. 


Sifcrijic  Gntvif  t^. — Est  imaUil  ou  uboul  5  graiuiiicsof  the  8aiti|>lo 
specially  set  luiide  for  tlm  determination,  in  a  specific  gravity 
bottla   Air  is  romoTed  by  an  air  pump. 

Moisture  and  ash  determinations  as  made  on  this  sample  was 
to  l>o  abk  to  correct  to  dry  and  dry  ash-free  coal. 

Tlu'  correction  for  lush  is  made  hy  deducting  *01  from  the 
FptH'itic  j»Tavity  for  i\ic}i  1"/,,  of  jish  found. 

The  ash  (.n  this  sainplc  is  dct^'rniined  in  the  muffle. 
The  rosuUb  ohtiiincd  are  Uibulated  thus  — 


PKOXIMATK  ANALYSIii. 


^hnstiire 


Volatile  matter.  \   Given  "ii  (1)  moist  coalj 

Fixud  carbonacooUD  reslJue  f     (2)  dry  ash-free  coaL 


Total      -      -  ia»<A> 

VLTiMAIK  AN.lLYSia 


Oxygen 

Combujitiblo  sulphur 

AKh 


(Jiven  on  (])  tiioi-t  i-ml  ; 
(2)  (iry  coal ;  anti  ^H)  dry» 
Auluhitr  and  aah-frea 
coal. 


TuUd     -     -  luuuo 


Moiiittire 


Suljthur  ill  anil 
Total  8ulphur 
( 'iikiii^'  |M»w(.'r 
fcilKJcilic  gravity 


ROTTENSTONE  FROM  SOUTH  WALES, 

The  following  analyses  were  made  for  Mr.  Cant  rill,  to  asportain, 
if  {KKssibie,  what  ofcurrod  in  the  conversion  ot  the  black  lime- 
stone to  Kottcnstono. 

F»>r  this  uurpose  hulk  analyses  of  the  three  stunples  were  made, 
together  with  analyses  of  the  residue  obtainocl  bv  treatment 
with  dilute  hydrochloric  acid  and  lK>iling  for  about  three 
minutes. 

Samples  of  the  residue  from  1  wore  oxanrinrd  imder  the 
niicrosropp,  nntl  found  to  contain  minute  cuIk's  and  apparently 
spheres  of  pyrites,  the  spheres  may  only  Im)  (;oated  with  pyrites. 

A  sam[)le  of  the  <M>arser  constituenUs  of  3  obUiined  by  washing, 
hy  dee^intjition  with  water,  showed  no  cubes.  Spheres  were 
there,  but  of  an  iron-rod  colour,  presumably  due  to  ferric  oxide 
from  the  oxidation  of  the  pyrites.  After  this  residue  had  been 
boiled  with  <liluto  acids,  the  sphcrt^  were  no  longer  visible,  the 
red  colour  had  (lisap|>eiired,  and  all  that  rcmaine^l  seeme<l  to 
consLst  of  a  micjicciiiis  mineral  ami  some  crypt ocrysl^iUinc  silica. 
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Dr.  Flett  has  giyva  the  loUowingdeBeription  of  the  black  lime-  S^i^^ 
stone  (sample  1) : —  oum 

ZMn.  BLACK  UXKTONl  &W.  OF  OWM  BAFWEB,  OLTH  TAWB,  TAWB  VALLBT. 

"A  fine-grained  cUiik  limestone  without  organic  structures,  and 
oonsistmg  of  nnall  irregular  gniins  ot  c&lcite,the  sur&ce  of  which 
are  ooatol  with  hrown  fihns  of  limonite  or  organic  matter  or 
both.  A  few  very  small  cubes  of  pyrites  and  flakes  of  colourless 
mica  are  the  only  visible  impurities.  There  is  no  detrital  auartz, 
and  the  silica  shown  in  the  analysis  must  exist  as  a  thin  name- 
work  of  chaicedonic  charactor  between  the  calcite  grains." 

The  toilownig  are  the  results  obtained  by  analysis < 

1.  Limestone  which,  on  weathering,  fields  Kottenstone. 

2.  Inferior  quality  Bottenstona 

3.  lyvai  c^uaUty  llottenstone. 


8. 

SiO,  -      -  - 
TiO,  -      -  - 

Al  A  -    •  - 

Cab  ' 

MgO  -      -  - 
CO,    -      -  - 
-      .  - 

FeSJI        -  - 
NagO  - 

Kfi*        •  - 
H,0  lOo*  - 
HjO  above  105' 
+  OiKanic  Matter 

16-50 
•07 
1-25 
W 

4400 
•69 

34*66 

•36 
•32 
Trace 
•32 
•17 

1  1-31 

70-87 

•65 
»-78 
4-61 
1-60 
1-32 

•27 

1-  39 
Not  found 

•66 

2-  43 
8*18 

4*68 

80^82t 
•20 
5-82 
8-79 
1-43 
-88 
Not  found 

130 
Not  found 
•30 
1-40 
1-27 

8'd8 

Total  - 

100-3R 

100-18 

100-18 

*  Tracen  of  MuO  aud  Li^O  in  all  three, 
t  LtfB  than  17«  of  ooUoid  aitica  in  No.  3. 
X  AllFecalenlatedasFeiOs. 

II  S  in  1  mostly  as  pyrites  bat  probably  a  little  pjrrhotite.  All  calculated 
as  pyrites. 
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Dr.  w.  The  pcrceiitai(o  of  insoluble  rosiduo  (prepared  by  boiling  in 

Pollard.       dilute  hydroohiuric  acid,  etc,  and  igniting) 


18-75  85-18 

88*65 

and  tho  composition  of  these  residues,  expressed  in  percentage 

of  tho  residue — 

1 

2 

3 

SiO.,  -  .... 

TH).  

Al.(),  

FtCo/  

('a<)  

K,()  

Na.X)  

88-1 1 

-3y 

C'75 

2'58 
•1'2 

•la 

1.70 

Trace.! 

83-20 
•64 
10^ 

1-92 
•23 
•89 
\Only  csti 

/       DOt  i 

9117 
-38 

•69 

•70 

mated  ia  balk 
nreaidae. 

*  All  iron  calculated  as  FetO»  t  =  less  than  D6  % 


The  analysis  of  the  second  quality  Bottenstone  (No.  2)  is  not 

really  conipanible  with  Nos.  1  and  3.  The  much  larger  amount 
of  alumina  in  the  residue  and  tho  alkalies  of  tho  hulk,  being  so 

murh  hiuflicr  tlian  in  No  S  sr-fni  tn  ]v>nU  clearly  to  tliere  iKMnq" 
more  clastic  material  (miciiceuus  jiiinonils  are  recoi^nisablu  in  all 
throo  samplos  under  the  microscope)  than  in  the  other  specimens. 
U  will,  therefore,  not  be  considered  further  in  detail. 

On  the  (ithor  hand,  Nos.  1  and  3  arc  distinctly  coniparahle.  In 
tho  following  table  No.  1  has  been  rc-Ciilculated  after  chmnia- 
tion  of  all  lime  and  carbonic  acid,  and  as  much  magnesia  as  is 
required  by  the  excess  of  carbonic  acid;  all  moisture  and 
organic  matter  and  the  pyrites  calculated  to  Fefiy  It  lAould 
be  remarked,  in  connection  with  No.  l,that  no  high  accuracy  can 
ho  pLiccd  on  oven  the  first  decimal,  as  after  elimination  of  the 
above-mentioned  con.stituonts  (roughly  80°/)  the  amount  of 
original  subsUinco  taken  for  analysis  would  be  represented  by 
about  -2  gramme. 

In  No.  3  lime,  moisture  and  organic  matter  have  been 
eliminated. 

One  hundred  parts  would  therefore  contain — 


1. 

DiiSorenoQ. 

SiO,  

84t)3 

85*17 

1-44 

'no:.  

•36 

•31 

•06 

AUh  

6*86 

6-13 

H 

w'.o,  

3-Gl 

4-00 

IB 

219 

-m 

l-iS 

lU),  

1-83 

1.41 

Na.O  

Trace. 

'■.V-2 

•32  .  ' 

K,0        -  ... 

1-63 

1*43 

From  those  figures  it  will  be  seen  that  Noa  3  and  1  are  almost 
identical. 
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What  has  happonod  ia  that  tho  carbonates  have  been  ox-  JJjj,^ 
tiacted  from  the  JLimestone  by  weAtherinff»  leaTing  behind  the™**^ 
siliceous  nia  t  ter  which  makes  "  Kottenstoner   It  is  also  clear  that 
nothing  has  been  introduced  during  the  process  of  weathering* 
nor  has  anything,  except  the  caroonates  and  sulphur,  been 
rt)iiiovod. 

Tho  value  of  the  Rottoiistone  appear*?  to  ])o  due  to  tho  high 
porcuiitago  of  siliceous  material  in  a  tine  sUite  of  division. 


WBATHERING  OF  UAGNBSUN  LIMESTONE. 

Duriiiji  tho  summer  of  1899,  whilst  the  Jermyn  Street  firont 
of  this  Museum  was  being  renovated,  the  opportunity  was 
taken  of  collecting  scTeial  specimens  of  the  stone,  to  see  how  it 
had  bocn  affected  by  half  a  centnxy  of  London  atmosphere.* 
Owing,  however,  to  more  important  work  having  to  be  attended 
U^,  it  was  nof  |>f>ssihle  to  complete  tho  examination  till  rct'entl3\ 
An  interesLmg  pupur  has  appearod  recently  by  Mr.  E.  it.  Clayt<»!i, 
F.I.C^,  "  On  an  incrustation  from  the  Stone  Gallery  of  St.  l*uui  a 
CalhedraL"    [iVoc.  Cliem.  Soc,  voL  xvii.,  p.  201  (1901).] 

This  paper  is  of  great  interest  in  connecdcm  with  Portland 
stone  in  London  atmosphere. 

The  ropirt  on  the  selection  of  stono  for  the  Houses  of  Parlia- 
ment [liy  Charles  Bjirry,  H.  T.  Do  la  Bcche,  William  Smith  and 
Charles  H.  S^^^^tl1,  London :  l<s:J9]  should  bo  referred  to, as  it  was 
a  similar  St' I  no  to  tiio  one  recoininondLMl  that  was  use<l  in  this 
Museum,  i  he  stonu  uiiod  hero  wtis  from  North  Anston,  Yorks, 
and  its  composition  is  given  as — 

1 1.   Oalciiun  Carbonate     -      -      52  0 

Maj^eBirun  Carbonate  -  45*2 
Oxide  of  iron  and  eui-thy  matter  2  0 
MolBtiire*   -  *8 


lOOD 


Fourth 

Lower  or 

lied. 

Eighth  Bed. 

52-8 

44-7 

44*4 

21 

8*1 

.  -7 

1000 

lOOD 

t2. 


Calcium  Carbonate 

54-89 

55-37 

Ma«»nesinm  C'arV>()nat6 

42*07 

41-71 

Protoxide  of  Iron 

•li> 

•73 

24 

Protoxide  of  Manganese 

Trace 

1-G8 

•92 

'45 

08-76 

100*66 

*  The  Museum  was  erected  during  1848  to  1851.    Sir  James  PeDni- 

thorne,  Architect. 

t  I.  From  "  Litliology,"  by  C.  H.  Smith,  read  at  Royal  Inst.  Brit. 
ArehiteotM,  April  29th  and  June  3rd,  1844.   Analyi^t^  11.  Phillips,  V.KB, 

X  2.  G.  F.  Hairia.  "British  Building  Stone-s'  from  The  Builder,  Nov. 
SOth,  1886»  p.  754.  AnaiyBta^  Banaome  and  Cooper. 
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Dr.  w.  From  these  analyses  it  will  be  seen  that  the  stone  is  as  near  a 

Follard.      ^^no  Dolomite  as  possil>le,  the  ratio  of  lime  to  magnesia  (mean  of 
these  live  anulyses)  beinLf  1 :  *07. 

The  foUowinsf  are  the  main  points  observed  in  this  cx- 
amiiuition.  The  stone  lacing  S.W.  was  more  weatherod  than 
that  &(»ng  doubtdess  due  to  the  S.W.  wmds  being 
mostly  wet,  and  to  its  being  the  prevailing  wind  (c£  Report, 
p.  4).  It  is  impossiblo  to  dve  any  exact  fiijurcs  as  to  tho 
amount  of  stone  which  has  been  weathered,  or  has  flaked  off, 
but  probably  it  is  something  between  1  and  J^mm.  This  rough 
estiiuatc  wjis  made  possible  by  the  tad  tbat  ibe  stoue  contains 
oecasioual  secTC^'ations  of  wilcilc  crystals.  These  have  stood 
the  weather  much  better  than  tho  stone  iLself,  and  stood  out 
wart  iashion  on  tho  sur&ce.  Where  the  rain  had  &llen  duectly, 
the  stone  was  rather  less  black  than  where  it  was  sheltered. 
Only  a  trace  of  magnesium  sulphate  could  be  found  on  tho  ex- 
posed surfaces,  whilst  an  appreciable  amount  was  found, where 
the  stone  was  shclterod. 

A  microseo})ic  section  of  a  specimen  that  had  been  siieltered 
from  the  direct  action  of  the  rain  was  prepared,  showing  tho 
surface  in  section,  which  Dr.  Flett  has  described  as  follows : — 

The  following  notes  on  the  microscopic  characters  of  speci- 
mens of  the  stone  of  which  tho  Museum  of  Practical  Geology  is 
built,  and  of  their  weathered  8ur£ues,  are  by  Dr.  J.  S.  Flett : — 

The  stone  is  a  granular  yellow  dolomito  consisting  mostly  of 
small  rhombohedra,  often  rounded  and  slightly  irregular  in 
outline,  but  showing  perfect  crystalline  form  when  occurring  in 
cavities  and  veins.  It  couuuiis  jnany  irregular-shjipod  pores, 
which  are  sometimes  fiUed  up  with  re-crystaUised  dolomite,  and 
through  the  rock  are  scattered  rounded  patches,  apparently 
concretionary.  The  blackened  surfiuse  of  the  under  pfla*t  of  the 
moulding  from  which  the  fragment  was  taken  has  been  preserved, 
and  is  well  seen  in  the  section.  It  is  covered  Avith  small  crystals 
of  gypsum,  mostly  in  tho  form  of  monoclinic  prisms  and 
swallow-Uiilcd  twins.     These  fonu  a  layer  mixod  with  hluck 

S articles,  probably  sooty  matter,  and  resting  on  a  thin  black 
htt,  beneath  which  the  rock  is  unattached.  The  average  length 
of  these  crystals  is  aliout  inch,  and  the  thickness  of  the 
deposit,  as  pres<  rvcd  in  the  section,  a  little  greater  than  this. 
Oritsidc  of  trie  thin  liasal  carbonaceous  layer  there  is  no  dolomite, 
but  only  iryp.siun,  which  has,  apparently,  been  formed  by  the 
ovaporat  inn  of  nfpieous  solutions  of  sulphate  of  lime,  wliir-b  bave 
leachotl  out  of  the  stone.  The  black  tilm  upon  the  smlaco  of 
the  dolomite  can  be  seen,  where  it  is  less  opaque  than  usual,  to 
consist  of  fibres  of  gypsum  crossing  irregularly  and  mixed  yrith 
black  particles,  apparently  carbonaceous. 

This  formation  of  calcium  sulphate,  or  gj^psum,  on  the  surfSsuM 
of  marbles  and  limestones  in  town  is  \\  <A\  known. 

Sir  A.  Geikie  has  gone  very  thoroughly  into  this  in  connection 
with  "  Rock  We^iihering,  Mesksured  by  the  Decay  of  TombsUmes  ** 
{Geological  Skeldi^s  at  Home  (uid  Ahroad,  MM.  &  Co.,  1882, 
p.  182,  and  Proe.  Roynl  Soc.  of  Edinbtuyh,  1880). 
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\n'  Grtiliyfiral  Sh'fc/i's'  a  fi^iro  of  the  altered  surface  nf  a  Dr.  W. 
marble  will  Ije  iouud,  wliieh  had  stood  for  ©ighty-seveu  years  in 
Edinburch. 

The  buick  edge  of  gypsum  and  soot  similar  to  that  described 
by  Dr,  Flett  in  his  account  of  the  microscopic  characters  above, 

ia  very  clearly  shown. 

In  addition  to  this  j^psum  deposit  on  the  stone  of  this  museum, 
in  one  or  two  pUices  sheltered  from  r  lin  ^iiudl  crystal*!,  some  as 
long  as  3mra.,  were  found.  Thcisc  occurrctl  presumably  where 
conden^»od  moisture  had  evaporated.  Thoy  were  found  to  bo 
m^nesium  sulphate. 

What  has  occurred  is  that  the  sulphurous  and  sulphuric  acids 
in*  the  air  have  attacked  the  dolomite  forming  culciuin  and 
magnesium  suiphat*>s.  and  tlie  latter  being  more  soluble  haa  to 
a  c^at  (  xN-nt  been  ]caehe<l  out.  This  is  entirely  hnme  ont  by 
the  following  analysis.  The  sample  was  ool)e<"t(Hl  tVom  the  suriace 
of  the  stone  as  scmj>e(l  oti"  by  the  niasnus  in  cleanin*^*-  it.  Hence 
a  certain  amount  ot  unaltered  stone  is  also  in  the  sample. 

The  composition  was  found  to  bo— 

ft 

Ignited  inBoluble  residue      ...  5-2 

Oxides  of  Iron  and  Alumina  .      -      -  1*4 

Lime  

Magnesia-      .      -      -      .      -  9'5  • 

.Sul|.liiir  Ti  i..\i.lf    -  20*7 

CVirbon  Dio.xide      -  19*4 

Water  lost  at  105»        ....  1*8 

„       .,  bt  twecn  lOS^and  ir,0"       .  O*! 

Water  above  15(/'  +  orgaoic  matter     -  6*5 

100-5 

If  we  assume  the  following  molecules  M  ho  present  (the 
magnesium  sulphate  was  cjilculatcd  from  the  1 1 1 1  ml  ofmagncsia 
determined  in  a  solution  obtained  by  extracting  with  cold  water) 
we  get - 

('a.S(),2H..O  41*7 

Mg.SUiTlf^U  4-0 

CaCOj  22*2 

MgCOj  18-5 

♦UaU  -9 

«<FeAl),03  1*4 

Residue  -  5*2 

Moisture  and  Or^pmic  Matter-      •      >  6*6 

1005 

Comparing  this  with  the  five  analyses  quoted  above,  it  will  be 
seen  that  the  iron  oxide  and  earthy  matter  has  greatly  increased, 
owing  to  the  leaching  out  of  lime  and  magnesium  sulphates  by 
the  action  of  rain  and  fog. 


♦  The  CaO  and  (FeAl),()3  uncorabined  here  are  possibly  combined 
with  the  silica  of  the  leudue  and  with  trooes  of  d  and  PjO*. 
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SSi^  Tn  conclusion  it  nnist  bo  stuted  that  the  alteration  of  the 

r<Mur  .  stone  surface  is  to  a  gruit  extent  duo  to  chtniiwd  Ciiuiius,  owing 
to  the  presence  of  sulphurous  and  sulphuric  acids  in  the  London 
atmosphere.  These  docompose  the  dolomite  ^vin^  sulphates  of 
lime  and  inagneBia.  The  sulphate  of  magnesia,  being  a  soluble 
compound,  is  to  a  great  extent  leached  out  and  washed  away  by 
rain.  The  sul})liatc  of  lime,  bein^  a  sparingly  sohiVdo  compound, 
is  leached  out  to  a  far  smaller  extent  mtkI  toTids  to  form  a  roat  ing 
(with  the  soot,  etc.)  wliieh  helps  t-<.)  protect  tiie  stone.  No  dcnbt 
flaking  or  scaling  play  an  important  part  in  the  woatheiiiig  as 
well,  but  it  is  not  possible  here  to  calculate  to  what  extent. 

Suffice  it  to  say  that,  with  the  exception  of  a  few  blocks  which 
were  of  inferior  quality  and  hi  nce  htid  decomposed  to  a  j^neater 
extent,  considering  the  time  and  conditions  to  which  the  stone 
had  beien  exposed,  the  state  was  by  no  means  unsatisfiMstoxy. 


MINERALS  FBOM  SKYE  AND  KOSH  BUIKE. 


A  black  spinellid  mineral,  collected  by  Mr.  Harker,  was 
separated  and  analysed  with  tlie  tbllowing  results. 

Mr.  Uarker  gives  the  following  accomit  of  its  ooourrence : — 

**Al)lack  Bpinellid  niiueral  from  the  peridotlte  group  of  the  Coillins.  It 

occurs  a.s  small  lustrous  octidiedra,  making  up  practically  the  whole  of 
eortaiii  scams,  usually  ^  tu  I  inch  thick,  Id  the  banded  dunite  of  a  umall 
a  little  south  of  Allt  a'  C9iaoich  (the  'MadBuraO  near  Loch  Scavaig. 
'i'hu  iuialysis  shows  it  to  bo  a  Ficotito.  There  are  hitherto  no  aoalyees  of 
this  mineral  from  Britain." 

SiO,  .  -  119 

Tif)^  -  -  -34 

AI2O3  .  -  4054  -      -  i:>iA\ 

Fe/)3  -  em  '      '  t)376)-'6063 

Cr.O,  -  -  17-55  -      .  -1153/ 

FeO  -  -  1010  -      -  'l^oai 

MnO  -  -  Trace 

(('<>Ni)0  -  -24  \-6027 

CaO  -  -  -43  -      -  -(XJ/?) 

MgO  -  -  18-35  -      -  -4047] 

Total  -  100-75 


Omitting  Siiicii,  Titanic  acid,  Manganese  and  Oxides  of  Cobalt  and 
Nickel,  the  ratio  of  RO  :  RaO,  works  out  to  -G027  :  'G063 

or  1       : 1-01 

The  i'ullowing  i.s  an  analysis  oi'  tlie  lelsimthic  constituent  of  a 
Nephcline-Aegu-me-Syenite-Pegmatite,  a  boulder  from  Coulmore, 
RosB-shh^,  collected  by  Mr.  Hinxman. 

•Portion  of  jjowdor  (se|mrated  by  bromofonu,  diluted  with 
xylene)  of  sp.  gr.  between  2-550  and  2-510. 


*  The  powder  was  first  treated  with  hydroefaloric  acid  to  remove  nepheline. 
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SiO,       -  . 

Al^s     -  - 

*Fe,0,      .  - 
CaO 
K,0 
Na,0 

Low  on  ignition 
Total 

*  State  of  Oxidation  not  determiucd. 


This  would  i\'pic8Wit 

K,Al,Si„0„ 
Na,Al^i«OM 


Unaooounted  for 


The  portion  unacoountod  for  being  composod  of — 

SiOs  1-22  AlA  1-20  FcjUj  CaU  18 
Lorn  on  ignition  '30 


TBRTIABY  IGNEOUS  BOCKS  FROM  SKYE. 

Thiuc  iiiuro  Tertiary  igneous  rocktt  from  Skyu  have  beou  Mr.  Harker. 
analysed  They  were  collected  by  Mr.  Barker,  vho  furnishes 
the  Allowing  descriptions  of  them : — 

80(52  is  ail  example  of  the  iiiuumeraUu  sbt'cts  of  Iwisic  rock  referred  Ut  in 
ffn  iner  ie|MH  t«  as  cutting;  in  an  inclined  direction  the  gabbro  of  the  Ciiilliu 
Hills,  it  is  a  normal  doleritc,  Ix^ring  no  dose  i  t>.einl>laiice  in  composition 
to  the  gabbro.  The  locality  oC  the  specimen  ia  Luch  a'  Bhasteir. 

9250  and  8732.  Two  closely  associated  rocks,  forming  one  of  a  groiin  of 
couiixjsite  intmsions  at  Druim  na  Criche,  five  and  a  half  miles  N.W.  of 
bUgachan. 

Each  of  the.se  intrusions  consist  of  two  huci.litio  ma-sses  in  contact  with 
one  another  ;  the  uj>per  of  an  olivine  dolei  ito  ('.):!.'>'»)  w  itli  large  jioriihyritic 
crystals  of  labratlontc,  the  lower  of  a  jieculiur  rock  {bl.i-Z)  of  more  compact 
texture,  which  may  be  styled  olivine  andesite,  its  principal  constituent 
minerals  being  oligoclsse  and  oUvine. 


M  ol  Ratios. 

63-84 

10570 

18-87 

'1846 

'68 

■0042 

'18 

•0032 

14-76 

•l.')30 

1*83 

011)8 

'30 

Dr.  W. 
Pollaid. 


-  10*43 

06*88 
-  3*56 

•8fi 
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Dr.  W.  The  analyses  are  as  foUo>v8 : — 

PollMd. 


8062 

9850 

6732 

SiO, 

47*64 

50-33 

49*24 

Til), 

1-27 

1.81 

1-34 

AljU,  - 

1416 

1997 

15^84 

FetOs     -  - 

618 

2-81 

61)9 

Cr,03     -  . 

Trace 

Trace 

Trace 

FeO       -  - 

7-96 

623 

718 

MnO      -  - 

-8S 

*17 

*89 

(CoNi)0  - 

CaO 

Trace 

Tnu'c  ? 

Trace 

1171 

»03 

5*26 

Not  found 

06 

-08 

Sr( ) 

Not  looked  for 

Trace 

Trace 

7-38 

324 

3*02 

•71 

119 

2*10 

4*30 

5*91 

P2O,      -  - 

•09 

•17 

1*47 

F    -      -  - 

Not  looked  for 

Not  looked  for 

•18 

S   -     -  . 

•03 

Not  found 

t)8 

HjO  at  105° 
UaO  above  lOft** 

•19 

•87 

108 

1*44 

'99 

1*61 

Total 

100-47 

10017 

100*68 

LesB  O  for  F  if! 


100*46 

ROCK  FROM  NEWLYN,  CORNWALL. 


Dr.  Flett  Tho  following  specimen,  £3424,  was  collected  by  Mr.  Clement 
Reid.  Tlio  locality  given  is  "Qwvtm  Quarry,  near  Newlyn 
Cornwall,!' 858, r74S.W.  ThickSiU (about 80).  Spccimenfrom 
near  the  middle  of  the  sill,  and  from  the  centre  of  a  nowlv-broken 
block."  Dr.  Flett  has  examined  the  slice  and  gives  the  lollowing 
description : — 

E.8424.  Gwavas  Quarry,  Newlyn,  Cornwall. 

Under  the  microscoiKi  this  rock  consists  of  actinolitic  and  tufted  horn- 
blende in  small  radiate*  groups  of  green  needles,  rather  strongly  pleochroic, 
and  fels^r,  mostly  j)liitnorlase,  but  [rarily  also  untwinncd  allcali  felspar. 
Much  of  the  felniar  is  m  large  fairly  idioniorphic  crystals  surroonded  by 
smaller  gndneof^irro'^uhir  shn|>e,  so  that  the  nn-k  has  a  distinctly  porphy- 
ritic  character.  According  to  the  angles  of  symmetrical  extinction  the 
plagiocla.se  is  mostly  an  acid  andesine.  Gnuns  of  untwinned  or  simply 
twinned  felspar  (ortlioclaso  or  alhite)  are  frecpiont  in  the  groundma-ss 
surrounding  the  phenocrysta.  In  the  larger  nests  and  patches  of  actin<^ite 
there  is  a  small  amocmt  of  water-clear  untwinned  or  .dimply  twinned 
felsptar  which  is  probably  albite.  Iron  oxides,  leucoxene,  and  a  few  scales 
of  hiotite  arc  the  other  ingredients.  The  actinolite  may  l>e  regarded  a.s 
having  all  formed  from  pyroxene,  though  no  trace  of  the  original  outlines 
of  this  mineral  can  be  found,  and  the  dear  albite  appears  also  to  be  of  new 
formatioiL 
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The  analysis  shows  that  the  rock  belongs  rcsally  to  the  augito  ande^it^  or  Dr.  Flett. 
ftugite  porphyritea  It  oontains  too  much  sihca  and  alkaliea,  too  little 
lime  Liiil  magnesia  for  a  diabase.  Kven  if  all  the  lime  is  supposed  to  l)e 
presGut  in  the  felspar  (which  cannot  be  the  case  as  some  is  required  for  the 
actinoUte)  the  ratio  of  Hmo  to  so<la  3*71  to  6*52  would  indicate  a  febpar  of 
the  oUgOclase  group.  The  original  i»lagioclase  is  probably  .scmiewliat  more 
basic  tiian  this  (andcsiiic).  tho  rest  of  the  aoda  being  taken  up  in  the  albite 
and  to  a  small  extent  iu  the  orthoclase. 

JSp.  gr.  2*80  at  19'. 
Sia       .      -      *      -  *  .      -      .  59-84 

AlA   1V71 

Fe^Oj   1-68 

FeO   703 

MnO   12 

CaO   3-71 

KS)   8-76 

Na/)   6-52 

S   -10 

P.O5   -20 

KJC)  105°        -       -              -       -       -  14 

HP  above  106"  31 

Total  100-18 

BaO  and  LijO  not  found. 


PSEUDOGAYTJ  SSITK  FROM  THE  CLYDE. 

Note  on  Crystak  from  tho  Clyde,  analysed  by  Dr.  Pollard  *      Dr.  Flett 

These  crystals  were  obtained  a  few  years  ago  by  a  dredging 
steamer  engaged  in  decpcniiicr  tho  chsumel  of  the  Clyde  netir 
Heleiisburgn.  They  are  dark  brown  in  colour,  r'  sinous,  trans- 
piirent  only  in  thin  splinters,  with  a  yellow  streak  and  powder, 
no  cleavage,  and  hardness  about  3.   The  couuuonest  are  long 

Erisms  pointed  at  both  ends,  but  without  crystalline  Amms.  The 
trgest  measures  5^  by  }  inch.  In  transverse  section  these 
prisms  are  squarish  or  rhombic,  but  tho  angles  vary  considerably, 
and  the  roucjhness  and  rounded  charartcr  of  the  faces  do  not 
allow  of  accurate  measurements.  On  tho  best  specimens  small 
triangular  facets  cover  the  surfaees,  their  apices  being  directed 
from  the  edges  towards  the  centres  of  the  faces.  The 
analyses  show  that  they  are  impure  carbonate  of  lime,  the 
colouring  matter  being  apparently  organic,  and  the  low  specific 
gravity  a  consequence  of  a  slightly  pirous  structure.  Micro- 
scopic sections  showed  that  they  have  a  distinctly  zonal  structure, 
and  consist  of  little  spheridites  of  Hbrous  wdcite  with  occasional 
Wers  of  parallel  hbres  between  the  spherulitesandon  the  surface 
of  the  crystals.! 


•  Extracted  fioia  a  paper  read  by  Dr.  Flett  at  tho  meeting  of  the  British 
ABweiation  at  Qlasgow,  September,  1901. 

t  For  a  full  description  of  tlicse  crystals  with  an  analysis,  M-e  Ch.  (). 
Trechmann.  "  Ueljer  einen  Fund  von  Ans'^'fv.pirhiieten  Pseudo^j^aylussit 
(=l'hinohtli=Jarrowit)  Krystallen."  ZtiUvkrijt  jdr  KrysUUloympkU 
zzzv.,  1901. 
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l>r.FI«(i.  Another  mode  of  oocurrenoe  is  in  groups  radLatms  from  a 
centre.  These  may  consist  of  as  many  as  40  or  50  individuals. 
The  component  crystals  are  smaller  than  in  the  previous  cases, 

mid  liuve  tlic  barleycorn  form  of  the  well-known  pscudogaylussitc 
from  Sangerhauson.    Th''  Kurfaeo  markings  are  similar  to  those 
described,  but  often  the  surface  is  honeycombed  as  if  by 
corrosion.    Foi^  specimens  of  these  I  am  indebted  to  Mr.' 
Ren  wick,  Secretary  ol  the  Glasgow  Geological  Society. 

Crystals  of  pseudoga^lussite  were  obtained  in  excavations 
for  tne  Jarrow  Docks  m  1867,  and  have  been  described  by 
Professor  Miers  under  the  name  of  Jarrowite.*  He  agrees  with 
Descloiseaux,  Williams,  and  Dana  that  they  are  in  all  probability 
psciidoinorphs  after  colostite.  In  this  case  tests  for  barium  and 
stronlium  gave  noL,Mtiyo  results,  and  a  lan^c  clay  nodule  full  of 
these  crystals,  forwardotl  by  Mr.  Renwick,  proved  to  consist  of 
carbonates  of  lime  and  iron  mixed  with  clay,  and  did  not  contain 
strontium  in  determinable  Quantity. 
Dr.  w.  The  cr3/^stal8  (from  the  Clyde)  of  pseudogayhissite  which  were 

Pollard.      analysed  in  this  laboratory  were  sent  to  Mr.  Kudler  by  Mr.  John 
Paton,  of  Glasgow. 

The  analysis  gave  the  following  values : — 

CaO   47*98 

MgO  4-21 

C(^,   39-91 

PPft  S-83 

Ltjsa  at  105°         ....  313 

horn  alxive  105°  (to  i^iition)       •      8*81  =±  Water  aud  organic  matter, 
liosiduo  iiuM>l.  dil.  UUL       -  'II  ' 

100-38 

Traces  of  iron,  manganese,  chlorine,  and  sulphate  also  found. 
No  nitrogen  found.    Carbon  of  organic  matter  about  1*2%. 
Calculatmg  as  carbonate**  and  phosphates, 

Cit,(rU4)2  -  -  -  4-87 

Ca(^0.,  -  -  -  80-88 

^\u<'6.,  -  -  -  8-28 

MgU  -  -  -  -       "25  not  accounted  for. 

The  specilic  gravity  wiis  found  to  be 

On  a  crystal  fra;^ment     2"5r>1    •  t  o«» 
Powder  in  pyknometcr   2'57  j 

Di .  C.  0.  Trechinann  [Zeitachrifl  fWr  KrysUiUoffmphiet  xtXY., 
p.  263, 1901}  found 

2'57r)  at  IS '5"  C.  in  r<»arse  ixiwder, 
2*602  at  le-fi"  C.  in  tine  powder, 

for  some  crystals  &om  the  same  locality. 


*  "  On  Home  British  Rseudomorplu,"  by  Prof.  U.  A.  Miers,  Mineralogiocd 

Magazine^  1897,  xi.,  p.  264. 
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Tho  r  oiii posit  ion  of  these  are  quoted  below,  for  compariBon  with  pJu^ 
thonQ  ttiiaiysod  here : —  fWlMd. 

St.  C.  O.  TrevhnumL  M.P.O. 

CVI^O^Xj  -  -  -  5-52  4-87 
CaCO,  ....  83-52  8088 
MgOO^  -      .      .      .       9-08  8*28 

■ 

This  appean  to  show  that  the  composition  of  the  difierant 

crysUils  may  vary,  but  the  agnscmont  is  as  close  as  raay  reason- 
ably be  expected  in  the  case  of  psoudomorphs  of  this  naturoi 


IV.  PALJiUNTOLOGICAL  WOEK. 

The  ordinary  duties  of  the   i'ulieoiitological  Department  Mr.  E.  T. 
in  xeladon  to  the  nmintenanoe  of  the  coUection  of  fossils 
in  the  Museum  of  Practical  Geology,  and  the  detailed  work 

necessiUited  in  the  registration  and  deterinination  of  the 
fossils  received  from  the  officers  in  the  lield  and  otherwise, 
although  makin<(  iho  fii-st,  and  a  larL''«\  demand  upon  the 
time  of  tlie  otiiccrs,  culi  for  little  notice  in  this  place.  Some 
ISOO  new  s["  riiiicns  have  been  added  to  tlie  collection  already  in 
the  Museum,  and  a  laijge  amount  of  revision  hits  been  accom- 
plished, necessitating  m  some  instances  a  rearrangement  of  tho 
cases. 

The  largo  series  of  Ecliinodcrmata  and  Phyllocarida  from 
Palteozoic  formations,  and  the  plants  from  the  Inferior  Oolite 
and  other  Jvinussic  strata,  have  been  revised  by  Mr.  H.  A.  Allen, 
who  has  taken  advantage  of  this  opportunity  to  ])reparc  a  cata- 
logue of  all  the  figured  and  type  specimens  in  the  first  two  ot" 
those  groups,  which  this  institution  possesses,  thus  continuing  tho 
very  useful  piece  of  work  be^un  some  two  years  ago  {see  Appen- 
dix, p.  200).  A  similar  catalogue  of  the  Pliocene  and  Pleistocene 
ligiu^d  specim^is  was  prei))ire<l  by  the  same  officer  earl^  in  the 
year,  but,  bcinj?  rc^idy,  it  was  deemed  expedient  to  publish  it  in 
the  Appendix  of  tho  ^niiiimmiry  of  Progress  for  11)00. 

The  Carboniferous  Cophnlopoda,  contained  in  the  Museum 
cases,  have  undergone  a  .similar  revision  by  Dr.  F.  L.  Kitchin, 
whose  time  has  been  largely  occupied  during  this  year  with  tho 
determination  of  the  large  series  of  fossils  collected  by  Hr.  G.  W. 
Lamplugh  from  the  trial  borings  at  Bi  a bourne  and  Penshurst>as 
well  from  the  shaft  at  Dover.  Dr.  Kitchin  has  paid  sevend 
visits  to  Dover  in  order  to  watch  tbc  pros^rcss  of  the  slinft  l)c?t>i^ 
sunk  through  the  Jurassic  straUt,  and  hm  himself  ol  i  nTud 
representative  collections  of  the  fossils  from  tho  various  huri;ions 
passed  through. 

The  examination  of  the  Devonian  fossib  collected  by  Mr.  W. 
A,  E.  Ussher,  and  mentioned  in  last  year's  Svmmary  of  Proffreaa, 
has  been  completed,  and  a  preliminary  report  prepared.  The 
occurrence  at  certain  loadities  in  the  neighbourhood  of  Looe, 
and  at  other  places  in  the  Torquay  promontory,  of  such  fossils 
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Mr.  E.T.  as  Spirifera  priTncBva,  Orfhotetea  kipparionyx,  and  PUuro- 
Newfeon.      dtctytim  proUemoHcumt  and  the  further  recognition  at  still  other 

p]aMoiStrophifnnen<t  lutecosta(  =  TropidoUptue  rh€imnii8),RenS' 
seknrm  strigiceps,  Orthotetes  ftipparionyx,  and  HanuUoiiotus, 
seem  to  demonstrate  that  the  Looe  fauna  occurs  in  the  Torquay 
promontof}'.  Certain  of  the  characteristic  fossils  are  likewise 
met  with  in  the  intoriiicdiate  arcii.  The  fragmentary  nature  of 
the  fossils  makes  the  determination  of  the  horizons  somewhat 
uncertain;  but  Mr.  Us^er  has  hopes  of  being  able,  by  their 
means,  to  correlate  the  Devonian  horizons  in  a  large  part  of  this 
difficult  and  disturbed  district 

Three  or  four  small  sets  of  fossik  were  received  from  Mr.  G. 
Barrow,  from  the  promontory  of  Suishnish,  between  Loch  Slapin 
and  Loch  Eishort,  south  of  Broadford,  Skye,  where  he  was 
anxious  to  trace  the  upper  limits  of  the  Lower  Lias,  and  possibly 
the  base  of  the  Middle  Lias;  but  all  the  determinable  fossils 
pointed  to  the  heds  l>elonpfin<^  to  the  zone  of  J  vnaorrites 
Jamesoiii,  and  tlicrc  wiis  uotliing  that  could  be  clearly  referred 
to  the  Middle  Lias  at  this  locality. 

A  series  of  specnnens  of  Cherts  and  other  rocks  from  Alt  nan 
Leac,  Soav  S(nind,  South  Skye,  have  been  examined ;  these  were 
forwarded  by  Mr.  C.  T.  Clough,  who  thought  they  might  be  of 
CrctACCous  a^G.  Some  of  the  Cherts  had  been  round  in  situ, 
others  in  the  volcanic  aggloTUcrate  of  the  district;  and  they 
reRcinl)le  in  appearance  certain  of  those  which  had  been  discovered 
in  Arran.  Several  slices  were  prepared,  which  showed,  in  the 
first  place^  that  the  rock  in  etiu  was  similar  to  that  in  the 
agglomerate.  In  aU  these  Cherts  oiganisms  are  present,  but  they 
are  much  obscured  by  chalcedonic  deposits.  Sponge  snicules  seem 
to  have  been  very  abundant,  but  have  become  decomposed. 
Foraminifera  are  prasent,  Textularian  forms  bciivj^  most  numerous, 
but  Glvhi;fri v(f  sccins  also  to  Vie  represented.  Some  of  the 
sections  show  frai^nnenls  of  Echmoderni  })latcs  and  pieo^  of 
Serpula.  These  Cherts  are  unlike  those  from  Arran,  but  support 
Mr.  Clough's  opinion  of  their  Cretaceous  age ;  it  is  thought,  how- 
ever, that  those  rocks  have  more  the  appearance  of  Greensand 
Cherts  than  of  altered  Chalk— an  opinion  which  Dr.  G.  J.  Hinde 
has  been  good  enough  to  confirm. 

A  series  of  plants,  collected  some  years  ago  from  the  Reading 
Beds  ui  the  Waterloo  Brickyard,  Heading,  have  been  recently 
re-examined  for  the  purposes  of  the  Memoir  on  this  district, 

written  by  the  late  J.  H.  Blake,  and  now  bein<r  prepared  for 
publication    by   Mr.   H.   W.   Monckton.      The  following 

forms  are  l)clioved  to  be  present,  lint  their  detemiination  can 
only  be  l-;ikon  as  approxini;i^f>ly  correct : — Anrmin  snheretacea, 
A  ff'r  sp.,  A  I'd.! XI  near  to  loozin  nn,  and  Lduras  resenibhng  L.Jovis. 
There  are  Ukewise  slender  leaves  like  Salix;  the  baiie  of  a  leaf 
like  Litmea;  and  a  fragment  with  venation  like  Vibu'mium. 
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The  fi>lIowiiig  is  a  list  of  the  specimens  in  the  Museum  of  Mr.  £.  T. 
Practical  Geology,  figures  of  which  have  been  published  during  ^^^^^ 
the  year: — 

PaltBtrntoffmphieal  Soeiei^9  volume  for  1901 : — 

By  Miss  Elles  an* I  Miss  Wood  : 

Didymoffj'aptus  hirundtj,  Salter. 

„  v-/i-aclu*  var,  tvVwrtfr,  H.  A.  Nldiolson. 

„  f/ffihenihtit^  Nicholson. 

„  dejiexuMy  n.  sp. 

„  iM»MH,  Lapworth* 

By  Db.  Wheelton  Hind  : 

Leiojjterta  Thompsoni^  Portlock,    Fi>ur  specimens. 
AHvnopferia  jfersulrniOn,  McOoy.  Three  specimens. 

Pff-rn/n'fe.n  latus,  McCoy. 

Poittiionomya  £echa%  Bronn.   Three  s^ciuicns. 

By  B.  H.  Traquair  : 

Elonichthyi  Aitkeui^  Traquair. 

By  H.  Woods  : 

Tri'jonia  smjthay  Afni^siz. 
Sipuiulylm  striatus.  Sowerby. 

„       diU0m§H0ami$,  dX)rbigny. 
PliecUula  placuneoy  Lamarck. 

OtoioffM  Magazine  for  1901 

By  U.  A.  Allkn  : 

Fcm^uea  cambrmtist  n.  sp. 

V.   MUSEUM  OF  FKACTICAL  GEOLOGY. 

« 

Among  the  most  notable  donations  is  a  large  collection  ofMr.  F.  W. 
polished  Indian  Agates,  prcsonted  in  tho  early  part  of  the  year  ^'wWer. 

by  Mr.  Lennox  Boyd.  Attention  may  also  l>o  calle<l  to  a  series 
of  minerals  from  Victoria,  preaented  by  the  Department  of  Mines 
through  tho  Agent-General. 

In  view  of  the  removal  of  the  orticcs  of  tho  Geological  Survey, 
on  the  expiration  of  tho  tenure  of  tho  adjtvcent  premises  m 
Jermyn  Street  in  the  course  of  the  present  year,  measures  have 
been  taken  to  providi?  for  tho  acconnnodation  of  the  officers  of 
the  Survey  in  the  Museum  bmldii^.  This  has  necessitated  con- 
siderable alterations  in  tho  arranufemont  of  tho  Museum.  Tho 
collections  of  Pottery,  IVnc-olain,  (ilass,  Kuaniels  and  Mosaics 
have  l>een  removed,  partly  to  tho  Victoria  and  Albert  Museum  at 
South  Kensington,  and  partly  to  tho  Branch  Museum  at  iiuthnal 
Green.  The  space  thus  gamed  is  beiiu;  fitted  up  as  a  Petro- 
graphical  Department,  to  which  the  rock  specimens  at  present 
exhibited  in  a  room  on  the  Upper  Gallery  of  the  Museum,  will 
shortly  l>e  transferred. 

The  contents  of  the  two  Model  Rooms  hav;:'  also  heen  removct^l, 
and  such  of  the  models  as  ilhistrato  liritisli  (leolojry  are  now 
exhibited  on  tho  principal  Hoor  ut  iho  Museum,  wiicre  space  lias 
been  obUiined  for  their  display  hy  the  removal,  to  the  AlexJindra 
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Mr.  F.  W  T^il  ico,  of  sovoral  cases  of  spociinens  illustrating  the  application 
Itndlor.        q[  metals  to  various  purposes  of  industry  and  art. 

The  Library  has  roceiycd  many  valuaole  additions  during  the 
year,  aad  the  collection  of  G^lo^cal  Phot(igr.i}>lis  has  also  been 
largely  augmented.  An  extensive  collection  of  the  ^laps  and 
Sections  of  the  Geologiail  Survey  of  Great  Britain  and  Ireland 
has  been  transferred  from  the  Survey  Offiw  to  the  Library, 
where  visitors  desirous  of  oonsultinG^  them  will  tind  them  ninro 
convenient  of  access.  I  'ruj^ao.ss  has  been  made  in  the  work  of 
removing  from  the  Library  those  works  which  are  not  strictly 
Geological  in  character;  and  during  the  past  ^ear  upwards  of 
7,000  volumes  have  been  transferrea  to  the  Science  Ltbraiy  of 
the  Victoria  and  Albert  Museum. 


VL   MAPS,  SECTIONS,  AND  :\rEMOIRS  PREPARED 

AND  PUBLISHED. 

The  following  is  a  List  of  the  Maps,  Sections,  and  Memoirs 
issued  by  the  Geological  Survey  of  fiigland  and  Wales  during 
the  past  year : — 

L-MAPS. 

One.-vneh  Mnpn  (Neiv  Series). 

bhects  201  and  '2<'>-2  CBrid^'cnd),  in  one  maj).    Two  editions,  with  and 
without  iJiilt.    JJy  11.  11.  Tii»DEMAN  and  T.  C.  Cantiull. 

«  One-indi  to  four  miles  (Index)  Map. 
New  SdiUona. 
Sheets  8  and  11  revised.  Sheet  18  reprinted 

8io>inch  Be/erenee  Maps. 

49  MS.  coloured  copies  of  six-inch  sheets  and  auarter-sheets 
havo  been  made  firom  the  field  copies,  and  deposited  in  the  Office 
for  public  referenca  These  are  as  follows 

Rerks.-9  N.W.,  N.E..  S.W.,  S.E. ;  16  S.W. 
Brecon.— 37  N.W.,  S.W. 

Bucks.-^!  N.E.,  S.W.,  S.E. ;  4r.  N.W.,  X.E.,  S.W.,  S.E. 

Carinarthen.-35  S.W. ;  42  N.K.,  S.K ;  43  N.W.,  S.W. 

Dorset— 21  S.E. ;  31  S.W. ;  40  S.W. 

GlamofgaiL— 7  S.E. ;  8  :  14  N.E. :  15  ;  24. 

Leiccster.-ia  N.W.,  N.E. ;  19  S.W^  27  S.W.  ;  33  N.E. ;  38  N.E. 

Oxford.  -40  N.W.,  N.E.,  S.W.,  S.E. ;  45  N.W.,  N.E.,  S.W.,  S.E. ;  46 

N. W.,  N.E.,  S.W.,  S.E.  i  50  N.W.,  S.W. 
Rutland.— 4  N.E. 
Wilt8.-69. 

IL-VEUTICiVL  SECTIONS. 

Three  Sheets  of  Vertical  Sections  have  been  published. 

Sheets  M  oxtd  Rn  of  Sliaft.s  in  the  South  Wales  roalfu'ld. 
Sheet  86  of  Shafts  iu  the  North  Staffordshire  Coaltield. 
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HL-MEUOIBS. 

Summary  of  l^ragress  of  the  Geological  Surrey  of  the  United  King- 
dom *  lor  1900,  p{».  821.  Prieela. 

**Guide  to  the  Geology  of  LondoD."  By  W.  Whitakbb.  6th  edition, 
pp.  lOS.  Price  la. 

Liit  of  Ssctra'CjfieuMi  PuiUiettUotu. 

Allen,  H.  A.—"  On  an  Insect  from  the  Ooat-HeuuroBol  Soutii  Walea." 
Oeid.  Mag.,  1901,  pp.  nn-68. 

Gibson,  W.— "On  the  Character  of  the  Upixr  r.>!\l-MeaHiires  of  North 
StaffordHhire,  Denbighshire,  Houth  Suitiorilshirc.  and  Notting- 
hamshire ;  and  their  Relation  to  the  Ftoduetive  Seriea."  Quart. 
Journ.  Geftl.  Sor.,  vol.  Ivii.,  pp.  251-265. 

Hill,  J.  B. — "On  some  (^«cological  Rtmrtnres  in  West  Cornwall' 
Timis  Jtoy<U  6W.  i>oc,  Co}tiwali,  vol.  xii.,  part  vi. 

Newton,  E.  T.— "British  rieiatocene  Fishes."  Geol.  Mag^  1901. 
pp.  49^2. 

 **Qraptolites  from  Para."  Geol.  Mag.^  1901,  pp.  195-197. 

Stbaiian,  a.— "On  the  Passage  of  a  Seam  of  ('oal  into  a  Seam  of 

Dolomite."   QuaH.  Jonm.  Gerd.  «SVjr.,  vol.  Ivii.,  pp.  897-304. 

———"An  Abnormal  Section  of  Cliloritic  Marl  at  Mape  Bay, 
Dorset   Geol.  Miuj.,  IJKJl,  pj..  :il!>  321. 

TiDDSMAii,  IL  H.— "On  the  Formation  of  Ueef  Knolls."  Geol.  Afay.^ 
1901,  pp.  80-88. 

Ua&HER,  W.  A.       "The  ('ulin-measuro  t^rpea  of  Great  Britain.** 

Tv<ini<.  Inxf.  Mining  Eitgineern,  vol.  xvii. 

Wedd,  C.  U.  "  On  tlie  Corallian  H4^»cka  of  8t.  Ivef?  (Hnntinrjdoiisbire) 
and  Eliiwortli,"    Qwiri  .fonni.  ihnl.  Nor.,  vol.  Ivii.,  pp. 

WooDWA&D.  U.  B.— "Note  on  a  i'luxsphatic  leaver  at  the  Base  of  the 
Inferwr  Oolite  in  Skye."  {fivit,  Awoc^  Qeol.  Mag^  1901,  pp^ 
6l9t,&aO. 


II.  SCOTLAND. 
I  FIELD  WORK. 

Dr.  Home  reports  tlmt  in  the  northern  district  in  chnrpfe  of 
Mr.  tJiinii  tlio  work  of  tho  survey  has  been  contiiinod  in  the 
northern  part  of  Inverness-shire  and  in  the  central  hihI  eustern 
piuts  of  lloss-shiro,  ixs  well  as  in  a  small  portion  of  the  county  of 
Sutherland.  Work  was  carried  on  in  one-inch  sheets  61,  71,  72, 
83,  92, 93  and  102,  and  of  tlieae  71  and  92  are  reported  aa  com- 
pletely Burveyed. 

1.    NOBTHEBK   DiSTBICT— InVEBKESS-SHIRE,   RoSS-SHIRE  AMD 

SUTHERLAKDSHIRK 

Mr.  W.  Gunn,  District  Geologist. 

Mr.  V.  T.  ( 'lou-h 

Mr.  L.  W.  llinxnuin      )  Geologists. 
Dr.  C.  B.  Uranipton  j 
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The  location  ol"  the  stat!'  was  as  follows : — 

Mr.  Clongh  worked  in  the  ])arish  of  Gleiiclg  in  the  western 
part  of  Invernc5?s-shire :  Mr.  Hinxnian  in  the  fnvorlael  Forest 
and  near  Loch  Garvc  in  central  Koss-shire,  and  in  the  northern 
part  of  Invemess-shire :  Dr.  Crampton  in  the  Strathvaich  and 
Inverlael  Forests  in  central  BiMS-shire,  and  in  the  Strath- 
rufldale  district  of  Blast  Ross-shire:  Mr.  Gunn  in  the  Fannich 
and  Strathvaich  Forests  of  central  Ross,  in  the  Loch  Broom 
district  of  the  same  county,  and  on  the  shores  of  tho  Dornoch 
Firth.  The  Assistant  Director.  Dr.  Home,  oonipleted  the 
*  survey  of  some  small  portions  of  grouad  in  the  Fannich  Forest 

METAMORPHIO  ROCKS. 

Mr.  Clough.  Mr.  Clough's  work  on  the  oldest  rocks  lay  in  two  detached 
districts:  (1)  between  tho  SE  side  of  Loch  Duich  and  the  head 
of  Cncnol*^  ;  (2)  near  Inverguseran, 

Gkndg— in  district  (1)  the  oldest  rocks  belong  to  tho  Lowisian 
^eiss  formation  and  the  Moine  schists.  Among  the  members  of 
fibA  first  formaticm  were  found  marhle,  cametiferous  kyanite^hiotite 
schist,  homhlende  schist,  eekgite,  and  sernentine.  Biotite  schist 
forms  most  of  the  area  between  Balvraiu  and  Loch  Iain  Mhic 
Aonghais.  Tt  is  supposed  to  1)C  an  altered  sediment  of  approxi- 
mately the  same  ago  as  the  limestone,  and  it  diriers  from  the 
micaceous  si  liist  of  the  Muino  formation  in  the  same  nei«;hbour- 
hood  in  vanuus  respects,  particularly  in  containing  thin  streaks 
and  lentides  of  dark  hornblende  scnist,  and  gtantuitic  pale -grey 
quartz-felspar  material,  which  has,  perhaps,  bmn  formed  from  old 
pegmatites. 

The  Moine  rocks  occupy  a  considerably  larger  area  than  that 

of  the  Lcwisian  cfnciss.  In  respect  of  composition  tlioy  are 
generally  divisible  into  two  classes,  one  of  more  siliceous  char- 
acter than  the  other ;  hut  there  are  rocks  of  interniediate  typo, 
and  it  is  not  clear  that  all  the  rocks  of  one  type  are  on  one 

The  hands  next  to  the  Lewisian  gneiss  are  in  some  places  of 
the  siliceous  and  in  others  of  the  more  micaceous  type.  On  the 
E.  slope  of  Beinn  Aoidhdailcan  is  a  thin  strip  of  Lcvnsian  gneiss, 
at  tlm  W.  margin  of  which  the  Moine  rocks  are  generally  of  the 
nucaccous  type  ;  while  on  the  E.  margin,  for  about  a  mde  along 
the  strike,  there  is  a  band  of  siliceous  schist.  The  phenomena 
might  give  the  impression  that  we  have  here  an  unfolded  succes- 
sion  of  three  rocks,  in  which  the  Lewisian  sneiss  occupies  the 
middle  position.  It  is,  however,  more  ])rol3able  that  the  gneiss 
occurs  in  the  middle  of  a  long-limbed  isocline.  The  difference 
in  the  characters  of  the  l)C(ls  on  either  side  now  scoms  sinrtling 
in  view  of  the  short  distance  between  them,  l)nt  we  must  re- 
member that  this  di.stanco  may  1)0  much  less  than  that  which 
once  separated  the  arciis  of  formation  ol  the  beds.  It  luis  often 
been  noticed,  also,  that  as  we  follow  some  straight  junction*line 
between  the  Moine  rocks  and  the  Lewisian  gneiss,  both  these 
rocks  Taiy  considerably  in  character. 
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Tho  Moinc  rocks  show  (litVcreiit  stAges  of  alteration  in  Mr.  Clough. 
(lift'erent  districts.  In  in.my  |)lucos  they  are  represented  by 
veined  gnei^iscs,  in  which  half  of  the  rock  is  composed  of  thin 
lenticles  and  streaks  of  pogiuatite.  while  in  the  other  half  the 
minerals  developed  are  unusually  largo.  Veined  gneisses,  partly  of 
a  siliceous  and  partly  of  a  micaceous  ty^,  arc  well  seen  in  tho 
folldwin*^  places  r  h.  tweon  Stnith  Choniair  and  Hiod  an  Fhithich, 
:v\  tlio  (  Von-jfJin  Duhh  of  (Ihlcann  Aoidhrhiilcfin,  the  top  of  Sf^iirr 
Mhic  Hlianaich.  and  tm  tho  watershed  cxtciuhng  S.  of  this  hill 
for  two  milos  or  so.  licsides  the  thin  pegmatites  above  referred 
to,  which  are  repeatedly  folded  with  the  beds,  there  are,  in  certain 
areas  in  which  the  rock  is  not  always  veined  with  thin  pegmatites, 
many  thick,  well-defined  bands  of  peu^niatite,  as  mucn  as  50 
yards  broad,  which  cross  both  the  Lewisian  gneiss  and  the 
Moine  rorks.  These  bands  are  lat<  r  ll)au  tlio  thin  folded 
TXigmatites,  and  they  often  cross  (jn  irtx  vt  ins  and  beds  which 
nave  previously  lx)en  intensely  tnl  1  !  In  one  locality  some  of 
the  bauds  have  been  sheared  and  uui  lIv  granulitised. 

After  the  Lewisian  gneiss  and  the  Sfoine  rocks  had  been  in- 
vaded by  pegmatites  and  folded,  they  were  pierced  by  a  series  of 
intrusive  rocks,  which  we  may  call  the  Glenelg  -  Ratagan 
complex.*  The  largest  outcrop  of  these  rocks  extends  from  near 
Suardalan  rather  more  than  tiirec  nules  in  a  N.N.E.  direction, 
and  tlie  average  breadth  is  two  miles.  Wherever  they  are  slm  n, 
the  outer  Tnarifins  of  tho  main  mas.s  and  the  minor  outcrops  arc 
VCTY  jftgo^^^'        formed  of  rocks  whicli  are  auite  unchilled. 

in  the  field  tho  rocks  can  bo  roughly  aivided  into  three 
groups,  each  of  which  includes  several  varieties,  that  seem  to 
pass  into  one  another,  and  in  cert^iin  j)laces  tho  rocks  of  one 
group  also  pass  gitulually  into  thaso  of  another.  Tho  groups  are 
as  iollows: — 

A.  Biotite  gramte  (or  granitito),  biotito  hornblende  granite, 

pale  syenite. 

B.  Dark  syenite,  augitc  syenite,  micaaugitc  diorite. 

C.  Pyroxenite,  biotite  pyroxenite,  homblendite. 

^  The  rocks  of  tho  ultrabasic  group  C.  contain  a  small  propor- 
tion of  orthoclixse.  The  syenite  in  group  A.  contains  a  very  small 
proportion  of  the  fcrromagnesian  constituents,  and  a  little  quartz. 

(3n  the  W.  side  of  the  complex  there  is  a  irranitc,  which  passes 
gradually  «  J  St  \\:u(  Is  throiiLrh  Tonalite  into  Diorih-,  lnii  farther 
K.  the  rocks  ui  group  A  ,  iiu  haling  a  granite  of  somewhat  ditt'er- 
ent  character  from  tnai  ui,  the  W.  side,  often  intrude  into,  and 
include  portions  of  rocks  in  group  B.  In  one  [)laco  rocks  of 
group  B.  clearly  intrude  into  others  of  group  C,  and  wo  infer 
that  they  often  do  so  from  the  numerous  inchisions  of  pyroxenite, 
^c,  thev  conUiin. 

The  dark  syenites  and  flioritcs  often  show  flow  structures,  and 
sometimes  have  such  a  prominent  banding  that  they  might  he 


*  The  E.  iM>rtiou  of  tliis  coujplcx  hiis  n<»t  yet  been  surveyed. 


Digitized  by  Google 


98  SCOTLAND. 

Mr.  t  kmgh.  tAken  for  Lcwisian  gneisses.  Short  strings  of  granite  or  gianite 
|)oq)hyry.  irregular  in  direction  and  without  chiUed  margins, 
neouontly  cross  the  banding. 

Tlie  rocks  of  groiins  A.  and  B.  arc  in  some  places  sheared  in 
thin  nearly  verticail  bands,  which  have  been  thoroughly  granu- 
litiscd.  'I'hoso  arc  never  more  than  a  few  feet  thick,  mit  in  soTno 
]ila<  es,  r.r/ ,  on  the  coast  half  a  mile  N.VV.  of  Katagan,  the}-  are  so 
crowded  that  they  furm  a  considerable  proportion  of  the  rock. 

In  and  near  the  complex  Lhcro  arc  some  dark  basic  dykes, 
which  aro  foliated  and  cut  by  strin^js  of  granite  oorjiliyry.  One 
of  these  dykes  is  called  by  Dr.  I  lett  a  mica  ciionte.  A  con- 
siderable  number  of  unfoliated  dykes,  including  (quartz  felsites, 
porphyrites  and  micji  traps,  (xiss  through  rocks  of  the  complex, 
and  have  thoroughly  chilled  margins.  Their  general  direction 
is  W.N.W. 

(2). — Jnvei'ijn^ertni. — Iuthi»  district  nearly  all  the  rocks  belong 
to  the  Moinc  series,  but  near  Rudh'  Ard  Shsneach  there  are  also 
small  patches  which  may  be  gi-ouped  with  the  Levrisian  gneiss. 

In  no  place  have  the  Moine  rocks  been  converted  into  veined 

gneisses,  out  many  of  them,  esiun  ially  the  more  micaceous,  are 
crowded  with  small  spots,  usually  from  ^  to  ,V  inch  in  dinmoter, 
of  secondary  felspar,  apparently  alltite.  A  broad  zone  ol  Lrarneti- 
ferous  mic-a-scliist,  which  is  well  exposed  on  the  coast  near  and 
S.  of  the  village  of  Airor,  conUiins  a  good  many  impure  calcareous 
lenticles  and  thin  calcareous  beds,  rarely  more  than  a  few  inches 
thick,  which  still  show  clastic  grains  more  than  half  an  inch 
long,  chiefly  of  quartz.  The  zone  has  a  considerable  resemblance 
to  tlie  Loch  na  Dal  series/  but  is  in  a  much  moro  altered 
condition. 

The  iLjneous  rocks  are  all  dykes,  and  later  than  the  j>eriml  of 
foliation  and  folding  of  the  schists.  They  may  be  divided  into 
throe  gr()up.s— 

1.  Dioritc. 

2.  Mica  traps  and  laniprophyres. 

.'I  Rocks  of  Tertiary  age.   (These  are  described  elsewhere,^ 

p.  lU.  ) 

The  two  rirst  groups  are  of  small  extent  and  their  relations 
are  doubtfuL  The  general  direction  of  the  dykes  of  group  2  is 
nearly  £.  and  W. 

Physical  and  Economic  Features  of  the  GleneUj  DiHriets. — 
The  area  surveyed  near  Loch  Duich  and  in  Glenelg  is  for  the 
most  part  of  a  wild  hilly  character,  but  the  igneous  complex 
already  deseribcMl  foims  an  cxeeptionally  greeTi  smooth  tract,  atkI 
a  considerable  pari  of  it  is  said  to  have  hceu  under  the  plough 
about  80  or  UU  years  ago.  Must  of  the  rocks  of  the  igneous 
complex  disintegrate  readily,  and  give  rise  to  soils  which  aro 
presumed  to  be  rich  in  alkalies,  and  perhaps  also  in  apatit&--a 
mineral  which  is  a  noticeable  macroscopic  coostituent  of  th^ 
rocks. 


*  The  lowest  series  but  one  €>f  t]ie  Torri4oniaii  rocks  of  Skye, 
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Near  the  hcadnfrhr  Glenbo*,'  of  Olenelg  there  is  a  Ycin  ot  Mr.  Cloagh. 
gaU3na,  about  four  inches  broacl,  but  it  is  only  seon  in  the  stream- 

The  largest  peat  moss,  oecupyinc  perhaps  a  quarter  of  a  square 
mUe,  lies  about  threo-quartara  ot  a  mile  W.  of  Suarddan,  but 

being  soiti^  distance  off  any  house,  it  is  not  cut  for  fuel  Most 
of  the  shepherds  have  peat  near  their  own  homes,  which  is 

generally  of  excellent  (|ii<iHty,  thniit^di  sometimes  in  small 
patches.  In  a  y)OHt  moss  niilier  more  than  half  a  inilc  N.W.  of 
BealachachasaiTi  tlieru  is  a  sulphur  well,  which  onco  had  consider* 
able  tamo,  but  il  i.s  not  so  strong  as  loruicrly. 

All  the  hill  ground  is  pastoral,  but  on  the  side  of  Loch  Duich, 
and  near  some  of  the  houses,  there  are  a  few  ploughed  fields. 
The  population  is  very  sparse,  and  the  ruins  ot  several  crofter 
hamlets  are  noticeable  m  thi;  (ilcnmoru  of  Glcnelg.  Near  Inver- 
guseranthe  100-fect  raised  Ix  arh  was  iornieriy  under  cultivation, 
Doth  along  th<'  slioro  and  in  the  glen,  and  a  small  jxirt  of  the 
Siime  beach  is  slill  cultivatod  near  Airor.  The  gravel  in  the 
present  and  the  20-tout  raised  beach  near  Invcrguseran  is  very 
clean,  and  the  pebbles  in  it  are  for  the  most  part  hard  and 
siliceous.  It  is  occasionally  shipped  for  use  in  gardens  in  more 
populous  districts. 

With  the  exception  of  five  isolated  houses,  most  of  thorn 
occupied  by  shepherds  or  keepers,  the  population  is  confined  t(j 
the  picturesque  hamlet  of  Airor.  There  is  n  irood  natural  harbour 
here,  and  the  people  make  their  livinif  partly  bv  fishing. 

Fannkh  Forest. — In  the  autumn  Air,  Honie  conipletcd  the 
small  patches  of  unsurvcycd  ground  at  the  heaa  of  Loch 
Fannicn,  Boss-shire. 

Fart  of  this  area  lies  to  t  he  north  of  Loch  Fannich  and  along  Dr.  Honif. 
the  south  side  of  the  Fannich  watershed,  extending  from 
A'Chaillcaeh  (^^,276  feet)  by  Sgurr  Breac  to  Sgurr  nan  Clafh 
Geala  (.S,o81  feet).  The  various  crroups  of  crystalline  schists 
identified  and  traced  by  Mr.  (Junn  on  the  N.  si<Ie  of  the 
Fannich  momitiiins  {Sammari/  oj  Progress,  1897,  p.  88 ;  1899, 
p.  10)  have  been  followed  southwards  to  Loch  Fannich  and  the 
hills  beyond.  A  dascription  of  the  geological  structure  of  the 
south  portion  of  the  Fannich  group,  so  &r  ss  the  lines  had  then 
been  trnerd  by  Mr.  Homo,  appeared  in  the  AiivvffI  Summary, 
1898,  p.  11,  and  180!),  p.  S.  In  the  latter  Report  (pp.  8  and  Jt) 
reference  is  nuule  to  the  occurrence  of  a  bolt  of  aci((  gneiss  with 
bjusic  biinds  and  lenlicles  of  epidiorile  and  hornblende  schist, 
resembling  certain  types  of  Lewisian  gneiss,  which  belt,  in  the 
western  part  of  the  Fannich  group  is  DOth  underlain  and  over- 
lain by  cametiferous  muscovite-biotite  schist.  During  last 
autumn  the  boundaries  of  this  belt  were  traced  from  the  water- 
shed between  Sp;urr  Breac  and  S<^nirr  nan  Clach  Geala  southwards 
by  Torran  Iluadh  to  near  the  north  shore  of  Loch  Fannich,  and 
westwards  by  the  month  of  Allt  nah-Ara,  1|  miles  east  of  Cahuie. 
towanls  the  Nest  lliver  (Abhumn  Nid).  Along  the  line  ot 
junction  with  the  underlying  and  overlying  muscovite-biotite 
schis^  where  tJiere  piobaoly  was  consid^ble  differential  move- 
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)r.  flonie.  incut,  the  aeid  L;ii(  iss  shows  markcfl  linear  iolijition,  with  "  eves" 
of  felspar,  uiul  rcsc'iiibles  the  .i;nuuiliiie  schists  of  i\w  Moiuc  1)^0. 
In  places,  howovor,  it  is  coarsely  <;ranulitie,  highly  (luartzoso,  with 
muscovito  and  biotite.  Tho  distinctive  feature  of  the  belt  is  the 
presence  of  basic  bands,  sometimes  tiiASsivo  with  hornblende  and 
pl.ii^nocliise  felspar,  anil  sometimes  foliated,  which  transgress  tho 
loliatioi^  jilanes  of  the  firid  gneiss.  One  of  these  has  been  traced 
for  a  third  of  ;i  mile  on  the  south  slope  of  Croaijf  nah-Ara  c^Jist  of 
the  head  of  Un-Ai  Fannich.and  unoLhur  for  half  a  milo  .southwards, 
from  the  head  of  AUt  Leac  a'  Bhealaich. 

The  muscovite-biotite  gneiss  with  thin  pegmatites  and  lenticlos 
of  garnetiferous  liornblcndc  rock  that  ovenies  the  belt  of  acid 
gneiss  iust  described,  forms  the  crest  and  south  slopes  of 
A'< 'liiiilieach  and  of  Sgurr  l^reac  :  it  is  ex|>osed  in  Allt  Leac 
a'  lihcalaich  and  is  rnntiiincd  sonthwanls  in  Sail  Mhor  lo  Crea^' 
nah-Ara  near  the  lici.d  of  Luch  Fannieh.  An  i  xaminalion  of  the 
crags  on  the  sou Lh  slupc  t)f  Sgurr  Breac  and  also  on  Sail  Mhor 
reyeals  tho  puckering  and  ovorfolding  of  the  muscovite-biotito 
gneiss. 

Another  patch  of  ground  completed  in  the  autunni  lies  about 
three  miles  to  the.  west  of  tho  he.id  of  L«>ch  Famiich  and  to  the 

north  of  the  (.'abiiie  Kiver,  where  the  rocks  consist  of  granulitic 
cniartzose  schists  of  the  Moiiie  typ<*  with  a  /one  of  biotite  schists. 
The  latter  has  been  traced  iVom  ilic  watersiu d  at  tlie  head  of 
Allt  a'  Chleibh  southwards  to  the  Cabuie  Kiver,  and  is  probablj- 
the  western  prolongation  of  the  Sgurr  M6r  Fannieh  band. 

fr.  Gann.  The  small  area  co  npleted  by  Mr,  Gunn  in  the  Fannieh 
Forest  lies  mainly  on  the  south  and  cast  Irs  of  Bcinn  Liath 
Mhor  Fannaich,  and  the  ground  is  nearly  all  above  the  2,000 
fcrt  contour.  The  sch^st^  of  tliis  area  arc  of  the  nstial  (juartzose 
^loini-  tyi»<'.  with  oc(;asional  tliin  bands  of  biotite  scliist.  These 
rocks  arc  bouiulud  on  the  west  by  the  thick  mass  of  biotite  schist 
which  forms  Sgurr  Mor.  The  rocks  are  intensely  folded,  the  axis 
of  tho  folds  trcndin&r  beween  north-west  and  north,  and  the  dip  of 
the  folds  being  to  the  west.  This  is  the  stru(-ture  of  tho  southern 
inclination  of  the  part  of  the  area  adjoining  Abhuinn  a'Ghiubhais 
Li*,  l)utas  we  follow  the  rocks  northward  the  folds  become  vertical, 
or  nrarlv  so,  and  strike  due  north,  tlic  strike  'jfradnall v  (rending 
to  t  lic  cast  of  n<^r(h,and  llie  slc^.p-sidcnl  folds  dippinir  castorlv. 

(r.Hinxman  U<iss-.'<Ji  ire. — The  ground  between  Loch  (hu  vi?  and  StratlH;onon 
(Sheet  88),  on  which  Mr.  Hi nxman  was  onga«jed  during  the  month 
of  April,  is  for  tho  most  part  bare  and  rocky,  and  the  gr^ological 
structure  extremely  com|)licjited.  The  sili(;eous  Moine  sclnsts  and 
the  coarse  nniscovlte  biotito  gneiss  by  which  thegpround  is  chiefly 
ocf'upicd  are  interfoldcd  in  a  most  intricate  !tianner;  while 
iK'twcrii  Tarvie  and  Slratln'oiion  tlioro  is.  in  addition,  a  great 
devclopiucut  of  ir'^i'Jit't-ampliiboliie,  an  intrusive  rock  which 
shares  in  the  folding  of  the  scliists. 

The  basic  rock  occurs  in  more  or  less  continuous  sills  and 
lenticular  masses.  These  aro  thoroughly  foliated  with  the 
schists,  but  are  usually  coarser  and  more  felspaildt-  in  their  cen- 
tral portiona     Near  the  edge  of  one  of  these  intrusions  at 
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Comriu,  whero  th<'  mass  is  upwards  ot  ;{()()  yards  in  breudtli.  n  Mr.lJiuxiuu 
thin  band  ol"  I'urriterous  (vjilc-l)iotilc'  M.lii.st  occurs.  appMrcnilv 
along  a  lino  of  crush.  The  eclgo  of  this  sill  shows  u  soniuwliaL 
unusual  modification  of  tho  igneous  rock,  proU-ibly  duo  to  the 
absorotion  of  material  from  tho  eontigiious  schists.  It  contains, 
acoordlng  to  Dr.  Flett,  a  Ult  le  cjuartz  an<l  orthoolase  in  addition 
to  the  usiuil  biotite  and  plagundasu,  besidt«  larjj:(;  ruasses  of 
ferriferous  Ciirlx mates,  and  plntfs  of  iron  »»xid(\  ( Vtish  liivs  are 
also  frequent  in  tint  Moiin^  srlu^ts,  and  aiT  snnicl  iincs  acrom- 
panied  by  Iwmds  of  brectjia  two  or  tliroe  feet  in  breadth,  made  up  ot 
angular  fragments  of  the  adjacent  rock. 

Tnvm'ne8H-»ltire. — ^Thearca  botwooti  Glen  Stmthfarrar  and  Olon 
Cannich,  surveyed  during  the  sunuuerand  late  autumn  months, 
is  entirely  occupied  by  schists  and  Hugstonos  of  "Moine  "  tyjio, 
and  garnetiferous  nuiscovlte  l»iotite  gneiss;  botli  similar  in 
lithnloirirnl  cliaracttT  to  rbe  roeks  farther  to  the  north  and  east 
tlial  liavc  licen  hilly  <lt  seriljed  in  former  reports. 

Though  there  is  ev  itlenee  of  a  eonsideni!>le  amount  of  folding — 
especially  in  the  lower  j>jirt  of  Glen  Cannich,  and  near  Deunie 
Lodge  in  Glen  Strathfarrar — ^it  is  on  the  whole  of  a  loss  complex 
character  than  that  found  in  Strathconon. 

The  nuisoovite  biotite  gm  iss  is  largi-ly  devi'lo|H'd  in  tlie  western 
part  of  the  area,  and  forms  broad  and  well  detiin d  belts  that  can 
L»e  tracetl  foiitinuoasly  for  some  distance,  and  ;_ri\''  riso  to  tb(; 
iiK'ii'  rugged  fciitures  of  the  mountains  in  the  iirt>ulin  and  (ilen 
C'amiich  loreats.  The  general  strike  of  the  schist^>  hi  this  region 
is — ^neglecting  minor  flexures — between  N.N.£.  ami  N.E.,  while 
tho  limbs  of  the  isoclinal  folds  usually  dip  to  the  east. 

On  the  north  side  *>f  Glen  Cimnich,  in  the  south-west  (joruer  of 
Sheet  83,  the  rocks  form  a  [)art  of  a  broad  anticlinal  fold,  on 
citlier  side  of  w}ii<  h  iho  dij)  is  to  S.W.  and  S.K.  respectively. 

The  siliceous  schists  aii(l  tlaifstones  of  the  Moinc  series  largely 
predouunate  in  the  di.sliict  cast  of  Strathgla.ss,  l>etween  Cilen 
Urcjukart  and 'the  IJeaidy  liivcr,  and  the  original  argillaceous 
sediments  are  only  represented  by  thin  bands  of  oiotite-muscovito 
schist,  characterised  by  large  "  spangles  "  of  wbite  mica.  Some 
of  the  highly  siliceous  schists  are  crowded  with  small  pale- 
coloured  garnets. 

The  zone  of  amphibolite  sills  which  crosses  tlio  river  Farrar  at 
Struy,  has  been  followcnl  suiithuards  along  the  western  side  of 
Strathglass  oh  far  as  the  lout  ol  lllen  Canmch.  They  present 
the  usual  character  of  these  intrusion.  Two  of  these  sills  are 
cut,  a  short  distance  west  of  Glossburn,  by  a  vein  of  coarse  mus- 
covite  pegmatite.  At  the  point  ot  ifiterseelion  both  this  vein 
and  the  ba.sic  sills,  as*  well  as  tho  surrounding  siliceous  schist, 
are  highly  pinietiferotis. 

With  the  t  xccption  ot  a  few  thin  dykes  of  lampr(»pbyiv  and 
nuea-t?"ap  there  a[)pear  to  be  no  igneous  intrusions  in  the  rocks 
to  the  west  of  this  zone ;  though  the  usual  knots  and  veins  of 
pegmatite  and  quartzo-felspathic  material,  probably  of  segrc'ijative 
origin,  are  abundant,  particularly  in  the  coarser  gneisses.  One  of 
these  pegmatite  veins  on  tho  shore  of  Loch  Mullie,  contains  crystals 
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Mr.UiDxtnan  of  tournialiiK  Tho  later  dykes,  referred  to  above,  have  a  persis- 
tent east  and  west  trend,  and  though  never  more  than  a  few  feet 
in  breadth,  CJin  be  traced  fur  considerable  distances,  in  two 
inBtaaces  for  more  than  throe  miles.  In  a  specimen  taken  from 
one  of  these  dark  Minette  dvkeA  above  the  fiGum  of  Mid  Crochail, 
StraUiglass,  Dr.  Flett  ha,s  detected  the  presence  of  a  sky-blue 
secondary  amphibole  deposited  on  the  surfaces  or  in  the  cracks 
of  brownish -green  hornblende,  and  in  optical  continuity  with  the 
priniarv  mineral.  The  occurrence  of  secondary  blue  amphibole 
m  crysUus  of  hornblende  has  previously  been  noted  by  Flelt  m  a 
lamprophyro  from  the  Orkney  Islands,  and  by  Seymour  in  a 
homblendo-korsantite  firom  Co.  Down,  Ireland  * 

A  parallel  system  of  north-east  and  south-west  faults,  one  of 
which  has  probably  defined  the  st  raight  course  of  Strathglass, 
traverses  the  ground  on  tho  oast  side  ot  t  hat  valle\'.  The  reLitions 
of  one  of  the  mica-trap  dykes  to  tlioso  faults  show  that  the 
latter  are  of  ditterent  ages.  The  position  of  the  dyke  is  shifted 
by  two  of  these  faults,  but  in  a  third  case  it  has  been  intruded 
along  tho  lino  of  weakness  produced  by  the  dislocation,  and  bend- 
ing snarply  from  its  former  easterly  course,  follows  the  north-east 
trend  of  the  fault  for  a  distance  of  hal  f  a  mile.  This  portion  of  the 
dyke  contains  numerous  included  fragments  of  the  fractured 
schists,  none  of  which  apiKjar  \n  it  outside  the  fault. 

Ild.^.S's/iirc. — 'Die  area  mapped  by  Mr.  Hinxman  during  the 
moiiLh  of  June  in  tho  Tnverlacl  forest,  is  occupied  by  siUceous 
schists  and  flagstones  of  the  regular  "  Moine  scliist "  type,  with 
occasiomil  ban<ils  of  dark  biotite  schist,  often  gametiferous.  Tho 
latter  vary  from  a  few  inches  to  (rarely)  thirty  or  forty  yards  in 
breadth,  and  in  some  cases  give  rise  to  well-marked  cliii'  features 
on  the  mountain  sid&s.  These  rocks  are  evidently  the  altered 
re[)rescntatives  of  a  homogeneous  mass  of  arenaceous  sediments, 
probably  of  the  nature  of  an  arkose,  with  a  few  thin  bands  or 
seams  of  argillaceous  material 

A  line  drawn  nearly  due  north  through  Meall  nan  Ceapraichciin 
and  Eididh  nan  Clacn  Geala,  indicates  the  position  of  an  axis  of 
plication  along  which  the  beds  arc  suddenly  rucked  up  into 
sharp  asymmetrical  folds,  one  limb  of  the  fold  being  nearly 
horizontal,  while  the  other  may  be  vertical  or  even  slightly 
overfoldcd. 

Another  zone  of  extreme  plication  cro.sses  the  summit  of  Meall 
Dubh,  throe  miles  N.N.E.  of  Inverlael.  The  ovcrfolding  is 
here  more  pronounced,  and  the  limbs  of  the  folds  often 
appear  to  be  lying  horizontally  and  parjilel  to  one  another.  The 

structure  of  tho  ground  between  these  two  lines  is  generally 
simple.  The  beds  dip  at  uniformly  gentle  angles,  in  directions 
varymg  from  ea.st  by  north  round  to  south  by  wost.  This 
appejirance  of  regularity  is  however  ])ossibly  deceptive,  for 
even  where  tho  hods  seem  to  be  arranged  in  regular  succes- 
sion, the  crests  of  HaLtenetl  ovorfolds  Ciin  .sometimes  be  detected. 


*  n.  J.  Seymour.  "  Occurrence  of  a  Blue  Amphibole  in  Hornblende 
Kersantite."   Geol.  Moff^  Dec.  4,  vol,  vii.,  p.  257. 
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and  it  is  thus  possible  that  only  a  small  thi(  knoss  of  rock  may  Mr.Hinznm 
be  involved  in  tlio  plications  that  cover  a  witlc  arcii. 

No  igneous  intrusions  have  been  found  in  these  rocks,  but  they 
contain  fifequent  thin  Ycins  of  quartz,  and  a  few  veins  of 
pecmatite,  both  probably  of  segregative  origin. 

In  the  Allt  na  Lairige  near  its  junction  with  the  Douchary 
river,  and  also  in  the  liitter  stream  north  of  CreagDubh,  there  are 
veins  of  nuartz  with  which  is  associated  a  Tittle  plagioclase, 
felspar  aiid  u  ^tch  ii  pleochroic  pyroxone  which  resembles  ici^drine 
augite.  The  pyroxene  occurs  in  strings  or  amorphous  masses  in 
the  quartz  and  also  in  isolated  idiomorphic  crystals. 

Phynioal  and  Ecarumtie  /eciftem.— -The  greater  part  of  the 
area  surveyed  by  Mr.  Hinxman  during  the  post  season  is  wild 
mountainous  ground,  almost  entirely  given  upt^j  grouse  and  deer. 
Tlic  cnltivutcd  arcjis  are  r-onfincd  to  tlu'  alluvial  stretches  along 
the  larger  streams,  and  the  groiuse  moors  support  a  certain 
number  of  sheep  durinj^  the  simimer,  but  the  amoiuit  of  good 
grazing  ground  is  very  limited. 

Owing  to  the  hard  siliceous  nature  of  most  of  the  rocks  and  to 
subsequent  glacial  action,  there  b  over  the  area  occupied  by  the 
Highland  schists  little  or  no  surface  soil  duo  to  (Hsintegration. 
The  corries  and  higher  {mrts  of  the  glens  are,  however,  often 
tilled  to  a  considerable  tl(  |)tli  witli  sf  ')ny  morainic  drift,  which  is 
not  tus  a  rule  t':i vo>ir-d)le  to  vegeLition, 

The  tliin  tiykis  of  Minette  wliieh  traverse  the  scliists  in 
StraLligiass  decompose  readily  into  an  orau-i  red  soil,  Avhich, 

from  the  abundanoo  of  apatite  in  the  rock,  is  peculiarly  ferUle» 
and  ^ves  rise  to  stripes  of  vivid  f]>Teen  herbage  that  stand  out  in 
striking  contrast  to  the  surrouMiI'i  L  Imrren  schists,  llio  lowex 
f^ountf  in  Kiltarlity  and  at  the  heiid  of  Glen  Urauhart  is  more 
fertile,  and  much  of  it  is  under  cultivation.  Tne  soil  is  here 
derived  from  drift  deposits,  usually  loose  and  gravelly  above,  but 
passing  do^vn wards  into  stiti'  boukler  clay. 

Beyond  a  few  small  o^nings,  for  local  purposes,  in  the  flag- 
stones of  the  Moine  schists  there  are  no  quarries  in  the  district 
surveyed. 

Laj^e  are:us  on  the  hill  slopes  and  in  the  higher  valleys  are 
occupied  by  peat  mosses,  often  of  considerable  depth.  The  peat 
is  dug  to  a  small  extent  for  fuel  where  it  is  fairly  accessible,  and 
may  be  of  considerable  economic  importance  in  tlie  future. 

The  popidation  is  spiirsu,  very  scattered,  and  contiiied  to  the 
valleys.  Water  supply  is  abunoant,  of  excellent  quality,  and  far 
in  excess  of  the  requirements.  The  potential  water  power 
represented  by  the  numerous  natural  reservoirs,  streams,  and  falls 
in  the  district,  is  very  great,  but  has  not,  so  far,  been  made  use  of. 

Tlie  sides  of  the  larger  valleys  are  well  clothed  with  natural 
woods  of  pine  and  birch,  with  oak  on  the  lower  slopes,  in  Glen 
Strathfarnir  the  j)iiie  ^i(»\vs  wtll,  up  to  an  elevation  of  over 
1,100  feet  above  sea  level.  Wge  arciis  in  Kiltarlity  have  been 
planted  with  coniferous  tree8>  and  there  are  also  smaller  fir 
plantations  at  the  foot  of  Glen  Orrin  and  in  the  higher  parts  of 
strathoonon.    The  natural  wood  flourishes  well  on  rocky  slopes 
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Mr.Uinxiimn  where  the  soil  iii  swmty,  and  there  is  no  doubt  thai  hirgc  areas 
of  tho  ground  under  1,000  foet  in  elevation,  that  are  now  barren 
moorland,  but  are  shown  by  tho  remains  in  the  peat  mosses  to 
have  been  once  thickly  clothed  with  forest,  might  be  profitably 
replanted. 

Mr.  (junn.  Ro»s-sh  ire. — The  work  dono  1  »y  Mr.  0  mm  m  the  Loch  Brooiuarca 
offers  few  ]>oints  of  interest  ;i])art  from  that  of  previous  years,  in  the 
sjime  district.  For  the  most  ^mrt  the  rocks  belong  to  tlie  siliceous 
Moinc  type  of  crystiilline  schusts,  the  foliation  of  which  dips  at 
comparattvelv  low  angles  of  10*'-20**  to  points  between  south  and 
80Utn>ea8t  'flio  rock  is  generally  flaggy  and  the  dip  is  fairly 
regular  oxer  large  areas.  Folds  or  plications  can  seldom  be 
detected,  though  good  outcrops  in  scars  and  in  bum  sections 
are  numerous. 

On  the  south  si<]o  of  tlio  T/jicl  Valley,  at  its  head,  sharp  folds 
trending  sojnewiiai  east  ol  ni>rLli  are  extremely  numerous,  but  as 
we  pass  westward  down  tho  valley,  they  disappear  in  the  course  of 
a  mUc  or  so,  and  we  find  a  series  of  ([uartzose  schists  dipping 
regularly  to  the  southwest  at  about  20".  The  dip  gr:vdually 
changes  so  as  '  ^  1  come  due  south  about  Glensguaib,  and  then 
east  of  south,  which  is  the  general  direction  along  the  valley  of 
Loch  Broom. 

The  structure  of  the  ground  for  a  i^'iig  distniicc  north  of  the 
Lael  is  similar  to  that  south  of  this  river,  but  a.s  we  approach 
Meall  Bubh,  where  there  are  bands  of  biotite  schist,  we  again 
lind  the  rocks  much  plicated.  To  the  northward  of  this  hill,  tho 
beds  again  appear  regiilar  and  the  sti  ike  curves  round,  as  along 
the  Liel,  being  noith-easb  at  Leckmelm  and  south-eiust  near 
Douchary. 

The  line  of  Coire  (iranda  to  the  cast  of  Beinn  Deii'g,  ne^u•ly 
coincides  with  the  axis  of  a  large  anticlinal  fold  which  dies  out  to 
the  northward  in  a  series  of  rapid  pliciitions.  To  the  cost  of  this 
cor  .'ie  for  a  long  distance,  the  siuceous  Moine-schist  with  occasional 
thin  bands  of  hiotite  schist  dip  steadily  in  a  north-cjisterly  direc- 
tion. Avliioh  gradually  changes  to  an  easterly  dip  along  the  east 
side  of  Allt  Lair,  and  the  bods  are  comparatively  free m)m  visible 

folds. 

Dr.Urftmpton  1'^^*^  ground  on  whi(;h  Dr.  Cranipton  was  engaged  during  the 
month  of  June,  is  that  jwrt  of  the  Inyerlael  Forest  lying  arouiid 
the  head  of  the  Douchary  River.  It  is  difficult  to  reach,  and  the 
greater  part  of  it  is  more  than  2,000  feet  above  the  sea.  There  is 
no  population  or  cultivation  >!  my  kind  on  this  ground,  the  whole 
area  being  yery  nigged  and  rocky,  and  under  deer. 

The  frystanine  schists  are  principally  (piartzose  schists  with 
varying  proportions  of  micas.  They  nvv  soTsiotinics  of  a  tlaggy 
character,  but  mostly  heav}'  giu  iss.  s,  breaking  ui)  into  largo 
blocks.  Alternating  with  the  quarl/*>se  bands,  are  tnin  bands  of 
a  wavy  bluish  biotite  schist,  often  containing  garnet  They 
an-  l.irgely  developed  on  Meall  a'  Coire  Glais  and  Tomain 
Coinich.  Bands  of  garnotiferous  mica  schist,  with  larger  proper- 
tious  of  nuiscovite,  occur  about  the  hojid  of  ( 'hadha  Dheirg,  and 
ou  the  eastern  slope  of  the  hollow  leading  thence  to  the  head  of 
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the  Glen  Beag  strejim.  Over  the  N.E.  flank  of  Setina  Bhnii^h  the  i>r.Cninipton 

rorks  dip  S.S.E.  at  amnios  of  15*'~25^  iind  there  is  little  foldinj,'  to 

be  seen.    The  rocks  also  dip  at  low  angkis,  but  duo  E.  on  Meall 

li  Coire  Glais.  while  further  to  the  south,  round  the  Locluia 

Sgoiriuh,  tliu  dip  is  E.X.E.  at  angles  of  20"-3(r.  Throughout 

these  districts  small  escarpnTents  and  dip  slopes  are  common 

feattires  and  the  dips  are  constant  over  wide  areas,  but  further 

east  about  the  heiul  of  (.'hadha  Ooirj?,  and  between  this  and  Sron 

an  ToTiiain  Coinich,  the  folding  begins  to  be  niarked,  and  oon- 

tortctl  folding  is  lK»nutifullv  shown  in  Creagan  Tomain  (Joiuioh 

and  the  elittk  at  ilie  eastern  end  of  Chadha  Dheirg. 

Sfntthraich. — The  part  of  the  Stratlivaich  Forest,  Surveyed  by 
Dr.  Crainpton  from  Ins  station  at  AultguLsh  Inn  lies  betwroii  the 
Glasciirnoch  River  and  the  Strathvaich  River,  and  si  niches 
northward  along  the  west  side  oi  Strathvaich  as  far  as  Loch  Toll 
k  Mhuic. 

Tlie  cr\'Stallino  s^-hists  form  nearly  the  whole  of  this  aruji.  Thcv 
are  chiefly  'jfiaiiulitic  quartznso  rofks  of  the  Moine  type,  with 
sul>sidiary-  bands  of  nuiscoviic-biotiio  si  hi^^t. 

Along  the  western  slopes  of  Stnithvaich  the  strike  of  the  rocks  is 
alnio.st  due  N.  and  S.,but  north  of  Anltguish  Inn  it  becomes  S.  10  E. 
— N.  10  \V.,  and  tin's  is  <'ontinucd  over  Mcall  an  Torcjiin,  Tom  lliin 
Mor,  and  lliu  hciglit.s  lm*ther  to  the  north.  The  folding  of  these 
schists  is  nearly  vertical  1  in  the  eastern  part  of  the  district,  the  dip 
heing  sometimes  westerly  sometimes  easterly,  but  always  at  hign 
angles.  On  passing  westward  the  folds  gradually  dip  at  lower 
and  lower  angks  to  the  ejLslward,  till,  near  Airieheirie,  the  dij)  is 
E.  10  X.  at  In  the  intermediate  areas,  on  the  heights  of 

Meall  an  Torcain  and  Tom  Ban  Mor,  the  dijts  are  GO"— 45 
grailuall^' ac(juiriug  a  lower  angle  towards  the  westward.  Thin 
biiuds  ot  brown  biotite  schist  from  a  few  inches  to  several  kvl  m 
thickness  are  common  all  through  the  series,  but  they  acquire  a 
greater  development  on  the  lino  of  strike,  passing  from  Meall 
an  Torcain  over  Meall  Coire  nan  Laogh  towards  Cam  (Inrni 
Loch.  Here  a  scries  of  thicker  bands  some  yards  in  width,  but 
with  intercalated  biuids  of  qTiartzosc  scbist,s,  occur,  over  a  breadth 
of  300  yards.  Thcv  consist  of  wavy  blnish-black  biotite  schist, 
weatliLrm^  a  brow ni.sh c«»lour.  Small  LTarnrts  are  not  unconunon. 
To  the  west  of  these  l)iotite-schists  banils,  on  the  south-west  slope 
of  Meall  an  Torcain  occur  two  well-marked  bands  containing 
many  garnets.  They  cross  Tom  Ban  Mor,  and  Meall  Glioru},  to 
Mealian  Ban,  where  they  pi.ss  out  of  the  distri(;t  surveyed.  The 
rock  is  a  flaggy'  nuisci^vito  Vuotite  schist,  full  of  small  jjcrfcct 
garnets,  very  snnilar  to  the  mus'ovite  biotitc' s*  liisis  of  Ivistcrn 
Ko.ss,  but  the  structure  is  less  coarse.  Accompanying  these 
bands  are  white  pegmatites  with  large  crystals  ot  muscovite,  aial 
occasional  garnet.  A  kirge  pct^matite  of  this  desenption  with  a 
breadth  oi  15  yards  can  bo  followed  £x>m  near  Craig  Kainich, 
across  Tom  Ban  M6r,  on  to  Tom  Ban  Beag,  apparently  foUowmg 
the  strike  of  the  schists. 
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Dr.Craiupton  Alx)uthalf  a  niilc  to  the  eiust  of  Aiiltguish  Inn,  a  series  of  small 
crushes  occurs  in  the  schists  oxposeU  iu  the  banks  of  the 
Qlascamooh  River. 

Mr.  Gutiii.  Crvstallme  schists  of  tho  Moine  type  occupy  most  of  the  area 
on  the  ej\st  side  of  Strathyaich,  to  the  north  of  Strathvaich 
Lodge.  Tliov  have  a  prevailing  nortlujrly  strike,  cifenerally  trend- 
ing a  little  to  the  west  of  north.  The  beds  are  usually  vertical,  or 
dip  at  steep  angles  to  the  westward,  >mt  Komelimes  the  dip  is 
e4ustorly.  IS^ot  much  folding  is  visible  in  this  area,  nor  arc  there 
any  marked  bands  of  biotite  schist 

A  pink-augen  gneiss  or  foliated  granite,  which  is  intrusive  in 
the  crystalline  schists,  occupies  all  the  area  between  Black  Water 
and  the  Strathrannoch  Burn,  for  a  distance  of  2  A -miles  north- 
ward from  Tnchbae  Lodi^o.  Mu(;h  of  this  area  is  covered  with 
(Iritl  ami  neut,  and  the  rock  is  not  well  exposed,  except  to  the 
north  of  tlie  school-house  at  the  Black  Bridge,  where  it  forms  a 
line  series  of  escarpments  trending  a  little  west  of  north.  The 
foliation  in  this  place  dips  eastward  at  a  high  angle,  but  about 
Luibfearn  in  the  direction  of  Inchbae,  the  dip  is  considerably  to 
t  he'  south  of  east,  and  the  amount  is  not  generally  more  than  30^  or 

The  character  of  this  rock  is  the  same  as  that  descrilx  d  in  the 
reports  for  previous  years,*  and  therefore  does  not  n  ([uire  a 
detailed  notice.  The  rock  extends  for  some  distance  to  the  eiist 
of  Strathrannoch,  and  has  agiiin  been  encountered  by  Mr.  Gunn 
in  the  Kincjirdine  districts  of  Koss-shire,and  by  Dr.Grampton  in 
Strath  Kusdale  and  the  neighhourlKKxI — S^e  infra. 
Dr.Cnunpton     S( rdflrrvKdale. — Tn    the    Alnoss  district   of  Ross-shirc,  Dr. 

CVaniptoii  who  was  stationed  in  Stratbrusdalc,  found  the  greater 
|)an  of  liis  arcii  composed  of  various  kinds  of  crystalline  schists 
with  associated  igneous  rocLs.  The  latter  consist  of  the 
augen-gneiss  and  homblendite  sills.  The  norih-^tem  comer 
of  the  area  is  occupied  by  an  intrusion  of  unjfoliated  granita 
Two  ver}'  small  exposures  of  scyelite  occur  near  the  summit  of 
Meall  nam  Gabhar. 

The  rrystallinc  schists  occupy  the  ^_rreator  part  of  the  aretv. 
The  prevailing-  type  of  rock  is  a  granubtic  q^uartzosc  schist. 
A  broad  band  ol  dark  muscovite  biotito  gneiss  is  the  only  one 
which  has  been  definitely  traced  across  the  whole  area.  This 
rock  contains  hxse  flakes  of  white  and  black  micas  and  strings 
of  felspathic  ana  pegmatitic  material.  It  is  frequently  full  of 
garnets,  which  are  sometimes  small  ^vith  good  crystalline  faces, 
but  ofton  form  ni^t^'cgates  from  tbo  size  of  a  pea  to  that  of  a 
wabmt  and  with  a  crushed  apjiearaiice.  This  hand  is  in  places 
more  tbuu  ball  a  mile  in  vvidlb  without  any  other  kind  of  rock.  It 
cntei"s  the  area  at  the  northern  end  of  Ben  Tharsuinn  and 
crossing  Stratbnisdale  in  a  S.S.W.  direction  extends  as  far  as 
the  Alness  Hivi  r  in  the  Boath  Valley  where  it  is  cut  ott' bya 
fault.  The  band  rc;ippears  on  the  S.W.  shore  of  Loch  Morie, 
about  one  mile  hrom  the  outlet,  and  forms  a  crag  &cing  the  loch. 

♦  Sumnutry  of  PrfMj}  €*n  for  1898,  p.  9,  and  for  IJKK),  p.  8. 
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It  then  jM-sses  over  Moall  Bern;  iu  a  S.W.  direction.  The  dins  of  Dr.C»iupton 
this  rocK  in  llie  luobt  northerly  jmrt  of  the  biind  are  very  ni'jfh 
and  mostly  in  uu  easterly  tlireciion,  but  with  occasional  reversiiU 
to  the  W.  As  the  band  passes  southward  into  Strathruadak 
the  dips  have  an  E.S.E.  direction  at  angles  of  50*  -60" .  Further 
south  and  on  the  south  side  of  the  fault  the  dips  become  S.E.  at 
angles  usually  about  45" .  To  the  south  and  ^east  of  this  baind, 
ami  apparently  overlying  it,  is  a  soripsofthin  bands  of  a  yellowish 
quartzite,  weathering  on  the  surfac  e  to  a  pure  whit(\  and  alternat- 
ing with  bands  of  muscovito  biotite  gneiss  of  much  the  Siune 
character  tis  the  broad  hand  described  above.  With  these  occur 
a  thick  series  of  flaggy  ^n^inulitic  ([uartzo-felspathic  gneisses  and 
bands  of  a  more  massive  character,  witli  u  large  proportion  of 
pink  felspar  in  strings  and  lenticles.  Where  the  alternations 
of  muscovitc  biotite  gneiss  and  quartzo-felspathic  rocks  are 
more  rapid  there  is  a  tendency  for  l)oth  members  to  hecnnie  very 
riaggy  in  character,  and  to  pass  gni<lnnlly  from  one  kind  of  rock 
to  the  other  tlirough  intermediate  rocks  called  "  simngle  schists." 
These  are  grannlitic  quartzo-felspathic  rocks  ot  a  very  flaggy 
character  and  they  contain  scatterod  through  them  large  fliukes 
of  muscoTite  which  give  the  cleaved  &cos  of  the  flags  a  spangled 
appearance.  With  uiese  rocks  are  associated  strings  and  lentielcs 
ot  white  iK'gT'^'^^it^^'  eoi^Uiinin^'  lan^'e  crystals  f>f  wliitemica,  whieh 
irequenflv  <'M<  l(tse  garnets.  Ihese  pe^r'n;' I  ites  are  sometimes  of  a 
Inrge  si;:<  and  appear  like  dykes.  The  .strike  and  direction  of 
dip  of  all  these  schist.s  which  lie  to  the  S.E.  of  the  large  band  of 
muscovlte-Uotite-eneiss  coincide  in  the  main  with  the  strike 
and  di{>  of  that  band  as  described  above.  The  broad  belt  of 
muscovitc-biotite-gneiss  on  its  N.W.  margin  is  succcetled  rather 
abruptly  by  grannlitic  quartzo-felspathic  schists  of  the  Moine 
type  which  a]>pear  to  dip  beneath  it.  Schists  of  this  type  devoid 
of  bands  of  musoovite-bii'tilu-gneiss,  but  enclusing  some  of 
biotite  schists,  occur  all  over  the  wide  region  to  the  west  as  far 
as  Bad  a  Bhathaich  and  the  northern  end  of  Loch  Morie.  The 
strike  and  dip  of  these  rocks  follow  the  general-  direction  of  that 
of  the  schists  to  the  cJistward,  but  throughout  the  regions  of  Cam 
Beag  and  Craig  Braigh  ant  Strath  a  and  to  the  west  of  these 
elevations,  the  rocks  are  much  contorted  and  folded,  the  dips 
bcin'^'  frequently  to  the  S.,  S.W.,  and  West.  A  thick  band  of 
bluish  grey  mica  schist  with  a  finely  crimped  struct  urc  caps 
Cam  lieag  and  extends  about  one  mile  southward  towards  the  out- 
let of  Loch  Morie.  It  Is  much  interfolded  at  its  margins  with 
the  underlying  quartzose  schists.  Its  general  dip  seems  to  bo  to 
the  S.W.,  but  there  is  nuich  contortion.  Along  a  line  beginning 
at  the  junction  of  Allt  Coire  na  Capuill  with  the  Amhainu 
Glac  ant  Seihch  and  passin<T  in  a  S.S.W.  direction  west  of  Bid 
H  lihathaich  and  thence  thi  «»nLrh  Meall  Toll  a  Choin, above  Kildcr- 
inoric,  the  quartzo-felspathic  schists  give  place  to  l)hjis}»-grey 
mica  schists  of  the  same  type  as  those  capping  ^^-arn  Bcag,  but 
not  80  crimped  and  generally  of  a  more  ph}dlitic  character. 
These  mica  schists  dipping  sjomctimes  to  S.£L  and  sometunes  to 
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I>r.CruiiptoD  S.  and  S,W.  pass  gradually'  in  a  westerly  direction  into  a  bluish- 
grey  homfels.  Rock  6f  this  type  forms  a  zone  of  metaniorpkoficd 
sodnnent,  witli  ii  width  of  about  half  a  mile,  boundini^  the  augen* 
gneiss  described  below.  The  iiiinonils  of  the  homfels  are 
usually  too  small  to  be  distini^nisluil  wlili  the  naked  eve.  Tlic 
rock  as  a  whole  has  a  very  homogeneous  appearance  Init  distinct 
banding  on  a  very  small  scale,  evidently  that  ot  ori<:inal  beildinjL]^, 
is  brought  out  on  weathered  surfaces.  Near  the  margin  of  the 
augen-gneiss  uiiniite  knots  occur,  and  within  a  few  yards  of  the 
junction  large  garnets  have  been  developed  and  the  rock  is 
extremely  hard  and  has  a  very  baked  appearance. 

Dr.  Flett  has  examiuetl  sections  of  tne  homfels  which  has 
been  produced  by  the  augen-gnei^•^^  evidentlv  actiu'jf  as  an 
iL;nit)Us  intrusion.  Ho  sta(<>s  tliat  tlx  v  are  '  finely  l)andml 
hornfelses  in  which  knt>t.siuc  well  develomnl  so  that  they  may  be 
described  tus  Knotenschiefer.  The  banding  is  probably  original 
bedding.  Under  the  microscope  they  are  fine-grained  and  consist 
of  hiotite,  muscovite,  quartz,  and  felspar.  Small  garnets  spongy 
with  enclosures  are  frequent  The  Knots  consist  of  subradiate 
scales  of  pale  nu'ca.  In  one  or  two  slides  the  original  grains  of 
clastic  (quartz  are  still  to  be  traced  in  certjiin  more  gi'itty  Uinds. 
Some  oi  ilicsr  linriit'elses  slhiw  no  trace  whatever  of  inechanie^il 
tU'foiniatiun  subsctjucnt  to  the  thermal  metamor}>liisiu."  One 
of  the  specimens  from  Crag  west  of  Kildermorie  Lodge  is 
a  gametiferous  siUimanito  oiotito  homfels.  Sillimanito  in 
tufted  needles  is  very  abundant  from  tlit;  river  bed  west  "jf 
Kildermorie  Lodge.  Another  spediuen  shows  garnets  over  |in. 
in  (linnieter  tilled  witli  enclosures  of  (uiartz,  iria<rnf*tite,  etc. 
C'linochlore,  green  hornblende,  and  rutile  are  present.  It  is, 
therefore,  evident  that  these  rocks  ret^iined  many  of  their  ekistie 
chaiacters  at  the  time  of  the  int  reduction  of  the  augen-gneisii, 
which  in  the  respect  of  the  hornfelsing  has  behaved  as  an  igneous 
mass.  In  virtue  of  this  hornfelsing  they  have  esea}>cd  being 
converted  into  schists  of  the  Moino  type  into  which  they  pass 
out  laterally 

The  best  ex]K)sures  of  (lie  rot  ks  of  this  metamorphosed  zono 
are  .seen  in  the  crags  on  lieili  sides  of  the  river  above  Kildermorie 
Lodijfe.  There  is  also  a  cftiod  section  in  the  river  bed  where  the 
hornfels  ain  be  traced  right  up  to  its  junction  with  the  au»^cn- 
gnciss.  The  jimction  is  also  exposed  on  the  north  bank  ot  the 
river  and  at  the  summit  of  Carn  (/as  nan  Gabhar. 

Augen-gneiss,  like  that  of  Inchbae,  is  seen  in  junction 
with  the  hornfels  in  the  river  about  half  a  mile  above 
KildiTinorie  Lodge.  The  n»f  k  is  a  f()1iated  granite  in  which 
a  matrix  of  (jnart/,  felspar,  mid  black  mica  flows  round  lari^e 
eves  of  felspar.  Tbe  line  of  junction  passes  in  a  N.N.E. 
mrection  up  tho  Crag  on  the  nortn  bank  of  the  stream,  and  the 
aiigon -gneiss  has  been  followed  to  Cam  Cas  nan  Gabhar,  where 
it  is  seen  near  the  sunnnit  of  the  mountain  in  junction  with 
the  schists.  On  the  south  bank  of  the  river  alM»ve  Kildermorie 
Lodge  the  line  ef  jnnetion  swerves  te  the  N.W.  and  again  crossing 
the  river  pa.ssc.s  up  the  burn  coming  from  Lochan  Lice.    The  line 
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of  junction  a^nin  r.hAnjjcs  its  (Urcvtion  and  is  continiTod  W.8.W.  Dr.Cmmiiton 
so  as  U)  cross  tlic  river  oiuc  more  about  m  nnarter  of  ft 
mile  below  tbe  briiige.  The  strike  ut  the  I'oiiul  inji  w litre  obsorvc<l 
is  N.X.E.  and  S.S.W.  Tlie  margin  is  rather  abrupt  in  the  region 
about  Kildermorie,  but  small  tongues  and  veins  of  tho  rock 
penetrate  the  schists.  At  the  summit  of  Cam  Cas  nan  Gabhar 
the  junction  can  only  be  described  as  an  intricate  network  of 
s(?hist  and  igneous  rock.  Inchisions  of  schist  arc  frequent  within 
the  mari,nn  of  the  gneiss,  which  sends  out  veins  .sonietinics 
foliated  like  the  gneiss  itsolf  but  often  quite  devoid  of  any 
foliation,  into  th^  schists  all  along  the  l)oundHrv.  The  smaller 
veins  are  crowded  with  small  rounded  grains  of  blue  quartz. 

HornhlenditcH. — Small  lenticular  sills  of  hornblendite  contiiin- 
ing  garnet  occur  associated  with  the  muscovito  biotito  schists 
and  also  with  the  quartzoso  rocks.  The  largest,  about  30  feet  across, 
arc  seen  in  the  iVaig  Ard  a  Briarh.  The  margins  of  those 
lenticles  are  well  foliated  and  often  .show  luill-like  masses  of 
crushed  garnet  wrapped  in  scales  of  brown  biotite. 

Se>./>Iif<\  Two  small  exposures  of  .scyclite occur  in  thci>eat  300 
yards  N.N.K.,  and  400  y.irrls  K  N.K'.  of  the  eairn  of  Carn  Cas 
nan  (labhar.  Th«>y  Ji{»|)<  Hr  U>  have  a  somewhat  dyke-like 
extrusion,  but  their  rt  laiiuns  to  thesiuToundiug  rocks  ai*e  not  seen. 
Patches  of  a  rock  of  a  more  acid  character  full  of  hornblende 
cr}  srals  are  seen  sticking  to  the  scyelite  in  the  more  northerly 
exposure. 

Dr.  BTett,  who  has  cxa  11  lined  specimens  taken  from  the  more 
northerly  exposure,  calls  the  rock  a  I  i  >titc  hornblende-peridotite 
or  srvclite.  The  bcautifnl  Instro  uioi  i  Iin<_f  soon  in  tbo  htnul 
spif  iiiicii  is  due  to  the  h<irnl>lt'Hdc  enveloping  tlie  l^ioiiic  in 
poikililic  fashion.  There  is  no  sl.cnring  structure,  but  cracks 
and  distortion  of  the  biotftc  and  hornblende,  due  to  ex|>ansion  of 
the  olivines  during  weathering,  arc  vcr>'  noticeable.  The  rock 
closely  resembles  tlie  original  scyelite  of  I'rofessor  Judd  (Q.J.(r.S. 
1H85,  \'ol.  41 ).  The  more  acid  rock  sticking  to  the  scyelite  is  a 
quart/  (lioi  iie  (<t'a  basic  kind  almost  approaching  a  hond»Icndite. 
(Ircen  lioiiiiilendr,  sbowint'  f^ood  crvstalline  outlines  and  lirown 
biuiile,  are  iisstu  ialed  with  a  pecidiarly  acid  inierstitial  materiid 
consisting  hugely  of  micropcgm.'itite. 

Granite.~\  pale  pink  granite,  an  cxteiLsion  of  a  larger  mass 
to  the  northward^  occurs  on  the  north-east  flanks  of  Beinn 
Tharsuinn  and  Doire  Lcathann.  Its  constituents  are  a  pink  felspar* 
largo  clear  quartzes  with  a  strong  tendeney  to  good  crvstalline 
outlines,  ana  small  Hakes  of  a  brow  nish  biotite.  The  latter  is 
nimo.st  absent  in  .some  places,  espeeially  in  the  niunerons  veins 
which  penetrate  the  .sehi.sts  along  llic  marL,n'ns.  The  meta- 
morphism  producc<l  by  the  gi-auite  on  the  schists  is  very  slight, 
and  apparent  chiefly  in  the  <lircction  of  a  greater  development 
of  muscovito.  Boulders  of  this  granite  occur  in  conglomerate  of 
Old  Red  Sandstone  ;il;v  a  1  unit  one  mile  distant  in  the  Strathrory 
Kiver.  Tliese  l>oulders  had  been  previously  noticed  by  the  late 
Hugh  Miller.   Dr.  Flett  reports  on  an  oxainiuation  of  a  slice  of 
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Dr.Ciampton  this  granite,  that  it  is  a  biotito  granitito  conuiining  inicrocline. 
Ortbito  Is  preflont  as  an  accessory. 

Tho  population  in  ibis  area  is  distributed  along  the  Blackwater 
River  m  Strathrusdalo,  and  the  district  of  Boath.   It  consists 

of  tho  inhabitants  of  about  a  dozen  crofts,  who  gain  a  living 
almost  entirely  by  sheep  fatmiiif,'.  The  only  cultivated  lands  are 
narrow  strips  on  lluj  alluvia  of  tho  lil.ickwater  nml  Alness  rivers, 
and  lar<,'ur  pitches  in  tho  iici^^'^hbuurhood  of  Boath  on  tho 
nuulHtones  of  tlio  Old  Red  Sandstona  The  crops  grown  are 
oats,  turnips,  and  potatoes  for  home  consumption.  Edidcrmorie 
Lodge  also  lies  in  the  area  surveyed,  and  is  surrounded  by  a  few 
keepers'  houses. 

The  boulders  of  augen-gneiss  have  been  used  largely 
throughotit  the  district  for  the  building  of  Ihiuscs  and  bridges. 
One  boulder  supplied  inaterial  for  two  cotUiges,  with  rock  to 
spare.  It  is  said  that  t  ho  rock  split  s  well  and  makes  an  excellent 
building-stone.  The  method  used  for  splitting  the  stone  is 
called  "  pegging  and  feathering."  Over  the  greater  part  of  tho 
district  tne  lana  is  not  fit  for  cultiyation. 
Mr.  Ganii.  KhieordiTie  di^rict, — ^The  principal  rocks  which  are  found  in 
the  Kincardine  district  aro  crystalline  schists,  augen-gneiss,  and 
granite. 

Tho  crystalline  schists  of  the  Kincardine  district  are  mainly  of 

the  silieoous  Moine  type.  They  are,  in  i^oncral.  flacfrrv,  with  a 
fair  amount  of  micii,  especially  on  the  bediling  pianos,  but  in  not 
a  few  places  they  are  thick  bedded  find  very  quartzose,  and  tho 
niicii  IS  sparsely  developed ;  while  in  some  pLiccs  tho  rock  is 
massive,  and  the  foliation  obscure.  The  dip  of  the  foliation  is 
generally  southward,  and  at  high  angles  along  the  Carron  River. 
The  same  dip  is  continued  a  good  way  up  Allt  Downie,  but  is  less 
in  amount,  and  the  beds  arerc|>fated  by  n  sories  of  flattened  folds. 
()v  r  tlio  large  part  of  the  Kincardine  arcii  the  foliation  dip  is 
gouoiully  directed  lietweon  K.S.E.  and  S.S.K.,  so  that  the 
average  strike  of  the  rocks  may  be  said  to  bo  north- 
east. Near  the  northern  edge  of  the  main  mass  of  granite,  how- 
over,  the  strike  tends  to  become  parallel  to  the  boundary  fine  of 
the  granite,  or  W.N,W,  A  marked  example  of  this  kind  may 
bo  examined  up  "Wester  Fearn  Bum.  About  ComV  Chreag 
nan  Clach  tbero  is  a  ronsidcrablc  area  where  the  rocks 
are  sharply  plicated  in  a  north  and  south  direction. 

Tvvo  broad  bands  of  nuiscovite  biotite-gneiss  liavo  In  en  traced 
in  ihe  neighbourhood  of  Easter  Foam,  and  under  Struie  liill. 
They  aro  separated  by  a  band  of  siliceous  schist,  which  is  lialf  a 
mile  wide  opposite  Struie,  but  which  apparently  becomes  very 
narrow  near  Corriefcarn,  so  that  it  seems  prolMible  one  band  is  a 
folded  repetition  of  the  other.  One  of  these  forms  Dun  Criech, 
on  the  north  side  of  the  Domoeh  Firtli.  There  is  no  doubt  that 
these  bands  are  a  continuation  uf  one  which  has  1k:;cu  traced  b} 
Dr.  Cram pt on,  in  a  north-easterly  direction  from  Strathglass, 
across  Strath  Uusdaie,  till  it  is  truuaited  by  the  granite  north  of 
Beinn  Tharsuinn, 
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TIsin  bands  of  hornblonde-sohist  occur  on  tho  shore,  nnd  in  the  Mr.  titmo. 
railway  cutting  two  milas  cast  of  E>ist4>r  Foam,  and  sume  small 
nia.sses  of  epidiorito  and  of  hornblun<le  rook  arc  toiuid  iik  a  few 
places. 

A  it{/cn-€hei88  or  Foliaied  OrmvUe. — The  north-eafltem  ex- 
tremity of  the  au^n-ffneifis  or  Inchbae  rock,  curves  round  ftom 
Cam  Salach,  and  Cam  JBhren,  by  Cam  an  Liath-bhaid  to  Meall  na 
Cuachaige,  but  only  a  part  of  the  boundary  has  been  mapped. 
It  is  evidently  of  tlie  nature  of  an  intmsive  granite  sill  whicn  ha.s 
Imku  loklcd  aiui  toliatcd  with  the  schists.  In  this  district  it 
up])ears  to  be  everywhere  in  contact  with  rock  which  was  once  an 
argillaceous  sediment,  and  which  has  undergone  a  great  amount 
of  alteration,  having  been  converted  in  great  measure  into  a 
hornfels  with  a  development  of  contact  mi  ncTals  as  andalusite,&c. 

The  widtli  of  tliis  mass  of  ii^noous  rock  where  it  is  known  at 
cither  end  (inchbae  or  Carn  iilircn ),  is  from  two  to  three  miles,  and 
it  is  prolmhlothat  there  is  a  eontinuous  outcrop  of  it  forming  an 
isoclinal  fold,  stretching  lor  about  seventeen  miles  from  its  S.W. 
extremity  near  Beinn  nan  Gabag  to  Cam  an  Iiiath*bhaid  at  its 
N.K  boundary.  This  direction  appears  roughly  to  coincide 
with  the  general  strike  of  the  schists,  into  which  it  wasintmded, 
and  is  in  striking  contrast  with  that  of  the  greatest  length  of  tho 
ma,<iR  of  unfoliated  <:,n'anito  which  is  foniid  to  the  east  of  it,  on  tho 
south  side  of  the  Dornoch  ?'irth  near  Kincardine.  Tho  latter 
trends  to  tho  N.N.W.,  and  cuts  nuirkeiUy  iwjross  a  thick 
band  of  muscovite  biotite  gneiss  wliich  strikas  N.E. 

(?mnito. --The  mass  of  pink  or  red  unfoliated  granite  stretches 
in  a  N.N.W.  direction  for  a  distance  of  six  miles,  from  the 
Strathrory  River  beyond  tho  Wester  Fcjim  Bum,  but  the  central 
portion  of  this  area  is  not  yet  com|)lctcd.  Tts  average  width  is 
more  than  two  miles.  To  the  norlli  of  the  main  gmnitc  area 
small  bosses  and  veins  of  <^n-aiiite  occur  in  suvural  nlaees.  They 
arc  particulaiiy  numerous  alon^  the  shore  south  oi  Ardgay,  and 
In  Ctiurch  Hill  This  reddish  biotite  granite  is  in  general  mod- 
erately coarse,  and  the  quartz  which  it  contains  often  tends  to 
become  idiomorphiCw  The  biotite  is  sometimes  but  sparingly 
developeil.  In  places  e.g.  in  the  main  jJiirt  of  Easter  Fearn  Burn, 
the  granite  is  nuich  deeomp<:>sed,  and  very  soft.  There  is  a  fine 
s<  fion  of  the  rock  in  the  i^orofo  of  the  Wester  Fcjirn  Burn, 
wiiuro  tho  granite  is  harder,  ant  I  where  it  includes  two  broad 
bands  of  siliceous-schist. 

As  fragments  of  this  gninite  are  found  in  the  lower  Old  Rod 
conglomerate,  it  is  clear  that  its  intrusion  was  prior  to  tho  Old 
Re<t  Sandstone  period. 

Two  dykes  of  mica-trap  running  in  an  east-south-ca.st 
direction  })ier(  e  the  schists  in  Allt  na-h-Eiteig,  and  in  Wester 
Fearn  Burn  dykes  of  a  somewhat  similar  character  penetrate  tho 
granite. 

ULD  BED  SAND.STONE. 

Ross-shire^  JLehilty. — Tho  mass  of  coarse  basal  laeceia  that  Mr.HtnxiniiTi 
forms  the  summit  ^nd  ei^tem       of  Torr  Achiity  lies  between 
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Mr.HinxiiMti  two  faults,  both  with  a  down-throw  to  the  east.  These  faults 
have  boon  traced  through  tlic  schists  on  the  south  side  of  the 
Conon,  and  aftor  crossing  that  river  they  run  in  a  N.X.E.  ilircction,* 
until  thoy  probably  converge  beneath  the  alluvial  plain  which  lies 
beiwccu  tho  base  ul'  Torr  Achilty  and  the  vilhige  of  ConLiu. 
The  most  casLerl}^  of  these  faults  throws  down  a  pebbly  con- 
gloinorato  with  intorcahhtod  bods  of  grey  shale  against  tho  basal 
breccia  on  the  west,  which  contains  angular  blocks  of  schist  throo 
and  four  feot  in  length.  The  breccia  and  the  intemilated  series 
on  either  side  dip  in  opposite  dircM  (ions  towards  tho  lault. 
By  the  other  fault  the  broncia  is  brouglit  ag.iinst  the  Highland 
sehists  Iialf  a  mile  further  to  the  west.  The  doun-tluow  of  tliis 
fault  on  the  southern  face  of  tho  hill  is  evidently  small,  but  on  tho 
north  sido  the  breccia  lies  in  a  deep  hollow  against  a  steep  cUff 
of  schist.  Between  the  two  faults  the  Old  Rod  Sandstone  rests 
unconformably  upon  nearly  vertical  beds  of  reddened  and  shattered 
siliceous  schist 

Inver-nessshirc. — The  western  bouuihiry  of  the  Moray  Firth 
Old  Red  Sandstone  T?a?^iu  has  been  traced  southwards  and  east- 
wards from  tlic  Bciiuly  river  at  Mskadulc  to  the  head  of  Glen 
Convinth.  The  base  of  tho  foinuition  is  everywhere  a  coarse 
conglomerate-breccia — a  tumultuous  aggiciiate  of  roundetl  and 
snbangular  fragments  of  all  sizes,  from  small  pebbles  up  to  blocks 
throo  and  four  feet  in  length,  set  in  a  sandy  matrix. 

The  included  stones  aro  almost  entirely  derived  from  tho  locid 
cr3'stallinc  schists,  but  there  are  also  a  fe  w  rounded  boulders  of 
unfoliated  biotit<'  granite  and  pegmatite,  one  ot  tho  latter 
measuring  six  feet  in  diajjictcr. 

A  short  distanee  in  i'rom  the  margin,  beds  of  shaly  greenish 
and  red  sandstone  aro  intercalated  with  the  conglomerate,  but 
these  do  not  exceed  a  few  feet  in  tliiekness. 
Mr.  Gann.  ^Irafk  Vdich.  Forest. — The  Old  lied  Sandstone  occupies  a  strip 
of  ground  more  than  a  mile  in  width,  on  tho  east  side  of  Strath 
Vaich,  between  the  Moine  schists  and  the  augeu  gneiss,  and  it 
runs  a  long  way  up  the  main  stream  of  Strath  Rannoch.  An 
outlier  of  tliis  formation  also  wips  MejUl-a-dhriamiin  (25J]1  foot). 
Tlie  Old  lh^(\  strata  rest  unconformably  on  both  the  older 
crystalline  roi-ks,  and  its  b.isid  breceia  is  largc^ly  mmle  up  either 
of  fragments  of  augeu  gneiss  or  of  sehist,  according  to  tho 
character  of  the  rock  on  ^ich  it  reposes.  It  appears  that^  the 
surface  of  the  crystalline  rocks  iininodiatcly  prior  to  the  denosition 
of  the  Old  Rod  Sandstone  must  li  ivn  been  very  irregular,  and 
somewhat  comparable  to  that  of  the  Lcwisian  gneiss  when  the 
Torridonian  formation  was  formed. 

Thn  Old  Red  Sandstone  consists  of  l»reccias  and  conglomerates. 
sujidstom'S,  and  niudslones.  No  regular  succession  can  bo  made 
out  Hiilisiactorily  as  the  ground  is  nuich  obscured  by  drift  ami 
peat,  and  there  are  probably  faults  which  aro  not  visible.  In  the 
bums  east  of  Creag  fihreac  Mhor  there  are  sections  in  purplish 
red  mudstones,  in  which  oceur  green  streaks  and  also  sandy 
bonds.  Those  latter  show  that  the  rock  dips  to  tho  south-east  at 
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comparatively  low  angles  of  15°  to  20°,  wliilc  the  most  prominent  Mr.  Gunii. 
pl.nv's,  those  of  cleavage,  dip  to  the  N.X.W  at  angles  of  50  to  60°. 

The  outlier  which  forms  Metill-a-(ihriaii:un  is  remarkable.  As 
fitr  as  can  be  made  out  It  conaists  almoi^t  entiroly  of  blocks  of 
augen-^eiss  in  a  somewhat  sandy  matrix.  The  blocks  are  of 
large  size,  many  being  as  much  as  ten  feet  in  length,  and  there 
are  some  still  larger.  On  the  south-east  side  of  the  hill  blocks  of 
s«^'hist  were  also  ?joti<  »'d  io  the  conglomerate.  There  is  no  satis- 
factory outcrop  on  th(  hill  top,  whicn  is  covered  with  loose  hicx  ks 
of  augen-gneiss  apparently  derived  from  disintegration  of  the 
breccia.  The  best  section  of  the  mass  is  on  the  west  side  of  the 
hill  about  550  yards  W.N.W.  of  the  ordnance  station,  and  the 
clifis  there  expose  more  than  a  ]Miii<!r(>d  feet  of  the  conglomeiata 
In  one  place  there  is  an  intercalated  band  of  reddish  sandstone  one 
foot  in  thickness  whicii  has  a  gentle  southerly  dip,  and  this  is 
prohftl)ly  the  dip  of  the  whole  outlier,  for  the  i»ase  of  the  mass 
must  be  JiOO  or  400  feet  higher  at  tin?  north  than  at  the  south  end. 

The  large  blocks  of  augen-gneiss  nn  abundantly  scattered  over 
the  area  between  Strathvaich  aiid  the  Glascamoch  Valley  were 
probably  darived  from  this  outlier,  having  been  distributed 
during  the  glacial  period. 

It  is  difficult  to  account  for  the  composition  of  (his  mass,  as  no 
augen-gneiss  is  known  to  occur  in  situ  anywhere  near  it,  and  the 
blm-ks  of  whieh  the  bas;il  portion  is  composed  appear  everywhere 
to  repose  tm  the  ordinary  siliceous  Moine  schists  of  the  aistrict. 
It  is  quite  |«KS.si[)le,  however,  that  there  is  a  eorc  of  augen  gneiss 
in  situ  near  the  summit  of  the  hill,  concealed  under  the  ddbrw  of 
the  conglomerate. 

The  size  of  the  blocks  in  this  breccia  is  fiur  above  what  usually 
occurs  in  the  basal  conglomerate  of  the  Old  Red  Sandstone,  in 
which  the  stones  seldom  exceed  the  length  of  two  feet,  and  most 
of  them  are  IkjIow  that  size.  An  exception  to  this  liowcvcr.  ocetirs 
in  the  basal  l>reeeia  near  its  unconfonuable  junction  with  the 
schist  ill  the  stream  nearly  a  mile  east  ot  the  sunuuit  of  Meall-a- 
Ghrianain,  where  one  of  the  blocks  occurring  in  the  breccia  is 
18  feet  in  length. 

Reference  was  made  to  these  areas  of  Old  Red  Sandstone  in 
the  Annual  Report  for  the  year  1890,  p.  53,  but  they  had  not 
then  been  surveyed.  It  is  known  that  rocks  of  this  formation 
extend  for  a  considerable  distance  to  the  east  of  Strath  Bannoch 
but  this  part  is  not  completed. 

Three  small  outcrops  of  <''>nLdomerate  which  are  foimd  in  the  Dr.CrotnpUu 
banks  of  the  Strathvaich  River  between  Lubriach  and  the  lila(;k 
Bridge  were  mapped  by  Dr.  Cramp  Lou,  Two  of  them  are  con- 
nected with  the  Old  Red  Conglomerate  to  the  eastward,  while 
the  third  which  is  the  nearest  to  the  Black  Bridge  is  probably  a 
smaller  outlier.  Thej  consist  entirely  of  schist  pebbles  in  a  red 
matrix. 

Alntss  District — junction  of  the  schists  and  Old  Red  Sand- 
stone is  to  be  seen  in  the  To] lie  hum  one  and  a  nuarter  railo 
above  the  bridge  at  Ardruss  gates.   The  Old  lieu  Sandstone 
6149  I 
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Dr.  distinrtly  ijiulied  .iL^Minst  I  lie  schists  shows  here  a  thin  coii- 

CMmpton.  glonnnito  which  win  hardly  he  separated  from  the  brccciate<l 
schist  occurring  in  the  fiiult.  The  congh>mcrate  is  succeeded  by 
red  sandstones  and  thin  purple  and  green  mudstones  all  dipping 
to  the  S.W.  The  mudstones  can  be  followed  in  the  burn  as  &a 
as  Bractoliio.   The  direction  of  tlie  fault  is  N.  35  R— 35  W, 

The  othor  nwa  in  \vhi<  li  tlie  Old  lied  Sandstone  enters  into 
tln3  Ljround  surveyed  is  in  the  lioath  distriet.  Hrn'  the  luie  of 
junrtion  of  the  Ohl  HimI  Sandstone  and  the  sehists  is  partly  a 
fault  and  partly  also  an  unconformable  one.  The  N.E.  face  of 
Caoc  Liath  Fad  down  to  the  1,000  feet  lino  consists  of  a  con- 
glomerate of  schist  fragments  and  pebbles  in  a  reddish  matrix. 
On  the  south  slope  of  the  hill  the  conglomerate  is  in  uncon- 
formable junction  with  the  schists  which  at  the  W.  end  of  the 
hill  are  in  place  as  high  as  tlic  1,750  feet  line.  The  line  of 
junction  has  an  abrupt  (lesrenl  at  the  N.W.  end  of  the  hill  and 
crosses  the  low  lying  ground  immediately  south  of  Craig  na 
Glaic  and  Boathvio  towards  the  junction  of  the  risers  near 
Strona  The  basal  conglomerate  of  Onoc  Liath  Fad  gives  way 
tx)  a  series  of  purple  and  bluish-black  mudstones  in  the  low- 
lying  ground  about  Glack,  but  the  relation  of  the  two  sets  of 
rocks  to  eaeh  other  is  nl^'^cnio.  There  is  however  a  thin 
b;isal  conglomerate  south  of  Llie  Craig  na  Glaic.  The  whole  of 
the  low-lying  area  of  Boath  consists  of  purplish  mudstones  with 
occasional  thin  sandstone,  which  are  well  seen  in  the  burn  sections, 
but  elsewhere  they  are  largely  covered  by  drift  These  mudstones 
are  Umited  in  their  northward  extension  by  a  fault  lying  a  little 
to  the  S.  of  the  Alness  river,  which  brings  them  in  contact  with 
the  schists.  A  second  fault  seen  in  the  bum  above  Ballone  brings 
the  scries  against  the  schist  to  the  south.  Cnoc  Liath  nah-Acaui 
forms  the  northern  extremity  of  a  rid>^eof  conglomerate  cxte^nding 
Irom  Mciill  an  iuirc  in  Strathglass.  Tlie  conglomerate  is 
faulted  against  the  schists  to  the  W.  by  the  grcjit  boimdary  fault 
the  extension  of  which  to  the  N.E.  in  the  Boath  district  is 
obscured  by  drift.  The  dark  bluish  nuidstones  inunediately  to  the 
W.  of  GlacK  show  pale  blue  pliospliatic  marks  which  suggest  fish 
remains,  though^  nothing  more  detinite  has  been  observ  ed. 

TEETUKY. 

Mr.  Clojgh.  Inv$rgu8er(Mi. — ^Tertiary  Dykes  are  somewhat  numerous  in  the 
south  part  of  the  Inyerguseran  district  Most  of  them  are 
basaltic  and  tend  N.W.  or  N.N.W. 

QLACIAL  PBEt^OMENA. 

Glenelg  piMrict — Glacial  striie  cross  the  Qlenelff-Loch  Duich 

watershed  in  BwiUich  Ratagain  in  the  pass  a  mile  N.W.  of  Sfi[iUT 
Mhic  Bharniich  and  in  other  places,  one  of  them  more  Uian 
2,500  feet  high,  further  S.  rJranite  boulders  occur  on  the  N.K. 
side  of  Bealacluicha.siin  hou.sc,  and  must  have  boon  earrieil  over 
the  watershed  in  a  S.W.  direction.    Grauite  boulders  have  also 
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been  carried  S.\V.  right  across  the  uiuiu  area  of  diorito  and  augito  Mi.  clougU. 
syenite  on  to  the  Lewisian  gneiss  rocks  near  Strathchomair. 
This  [>rc)bably  indicates  that  the  prcssuro  of  ico  COdud^  over  the 
watershed  from  the  N.£.  and  E.  was  at  one  time  so  great  that  the 
ico  from  the  E  slopes  of  Ben  Sgnol  and  Beinn  a'  Chapuill  was 
unabic  to  advance  eastwards. 

The  floors  and  sides  of  the  glens  are  lo  h  lari^'o  oxtfmt  rf»vfred 
with  small  morainic  mounds,  but  deposits  of  stiti  grc)  boidder 
clay  also  occur.  Excellent  exposures  of  this  day  are  found  near 
the  heads  of  Ghleann  Aoidhdailean  and  Bealach  a' Chasain. 

A  little  E.  of  Strathchomair,  and  on  the  low  Avatcrshed  between 
tho  Gleann  Bojig  and  Glen  More  of  Glenelg,  there  is  an  extensive 
and  thick  (lo|X)sil  of  tine  sund  and  Efmvel.  The  materials  com- 
posing the  deposit  are  exj)osed  in  a  good  .section,  where  llu  y  are 
Liuile  free  from  krgc  boulders,  though  such  boulders  occur  in 
abundance  scattma  over  the  top  and  on  the  sides  of  the  outcrop. 
The  sand  must  have  been  deposited  in  still  water,  and  probably 
in  a  loch,  though  it  is  difficult  to  see  how  a  loch  can  have  existed  • 
in  this  locjility  uidess  some  of  the  banks  were  formed  by  ice. 

A  little  N.  of,  and  alx)ut  40  feet  higher  than,  the  sharp  bend  in 
the  (ileanu  Hcag  burn  are  remains  of  an  old  gravel  terrace,  the 
top  of  which  is  nearly  horizouUil  though  the  i)urn  lielow  hjis  a 
rapid  fall  The  terrace  is  very  near  the  deposit  mentioned  in  the 
preceding  paragraph  and  possibly  of  the  same  a^e. 

On  the  £.  side  of  the  bum,  alH.u!  t  mile  S.  ot  Bealachachasin 
hoijse,  is  a  series  of  seven  or  eight  short  tenaces,  the  N.  and  S. 
parts  of  which  end  alirnptly  against  moraine  covered  slopes  of 
about  the  same*  elevation.  Perhaps  these  terraces  Avere  formed 
while  most  of  the  glen  bottom  and  the  sides  were  still  covered 
with  ice. 

FannuJi  Fonst. — ^In  the  Fannich  Forest,  well-marked  ^onps  H»m« 
of  moraines  were  found  by  Dr.  Horne,  in  the  valleys  draining  Quuu. 
into  the  CSabuie  river,  and  at  the  heacl  of  AUt  a  Cnleibh,  ana  * 
Mr.  Gunn  reports  that  beautifully-formed  moraines,  which  often 
trend  nearly  cast  and  west  are  abundant  to  the  east  of  Locli  Li. 
Some  of  these,  which  are  seveml  hundred  yards  in  lenLjtli,  aj-o 
extremely  narrow,  run  in  almost  perfectly  straight  lines,  and  have 
steep  edges  on  their  northern  sides. 

Invemess-i^vre  and  Rtm-n^dre, — ^The  glacial  drift  in  the  higher  Mr.HiDxmA  i 
parts  of  Strathglass  and  its  tribuUiry  GSsns,  may  all  be  r(  I  erred 
to  the  later  valley  glaciation.  It  is  only  in  the  low  ground  valleys 
of  Kiltarlity  and  on  tho  northern  slopes  of  Glen  Urquhart  that 
any  true  boulder-ciay  has  been  observed,  in  some  cases  underlying 
later  morainic  deposits. 

The  glacial  stria;  and  the  dispersion  of  carried  blocks  in  this 
region  point  to  a  general  easterly  movement  of  the  ice  outwards 
ftom  the  high  mountainous  region  in  the  west. 

Evidences  of  the  later  phases  of  the  valley  idaciation  are 
abumhint  antnng  tho  mountains  of  the  Inverlacl  rorest,  whose 
glens  and  corriesLattbrd  splendid  c^^tuuplos  of  hiterai  and  terminal 
moraines. 

ti 
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Ml.  (iunn        Rin*s-shire, — The  tincst  set  ol  inoiHiiies  occurs  on  the  north  side 
,    of  the  Riv«r  Loel,  at  An  Cnapach  (The  KnoUs)  to  the  south  of 

Dr.orampton  j^^^^  ^.  Omipaich.  The  walerolf  ike  loch  disappears  under  the 
loose  material  of  the  more  conspicuous  moraines  and  comes  out 
again  to  tho  south  in  sov(»rfil  fine  springs.  A  wcll-iniirkod  moraine 
500 yards  in  k'n<,^*li,  whicli  tn  nds  north-oast, occurs  <m  the  w;iter- 
shou  north  ot"  the  head  ot  the  River  Lac!,  at  a  heiglil  of  2750  tt. 
above  the  sea,  nnd  there  is  a  pretty  series  of  moraines  to  tlic  N.  H  of 
this  in  the  valley  west  of  Loch  Tuath.  There  is  veiy  little  glacial 
drift  in  Dr.  Crarapton's  part  of  the  Inverkel  Forest,  and  what 
occurs  is  of  a  l(X>8e  character  and  full  of  blocks  and  fragments  of 
the  rocks  in  the  immediate  neij^hlKiurhood. 

Mr,  iiunn.        As  will  have  l)een  gathered  from  the  description  of  Striithvaii  h 
Forest,  rimch  of  the  area  is  covered  with  glacial  drift,  but  there 
are  few  good  sections  of  it.     The  older  boulder  clay,  or  till, 
appai-entl^r  overspreads  a  large  part  of  the  augen-gneiss  area» 
assutuing  in  Drniui  Buidhe  the  form  of  a  dniniliu  trending  south- 
east.   CJond  examples  oriincar  moraines  aie  found  in  the  valley 
east  of  Meall  a  Ghrianaiu,  but  perhaj^  the  finest,  which  is 
nearly  half-a-milo  in  kuL^th,  orfiirs  on  the  east  side  of  a  small 
stream  to  the  norlli  of  Druiii!  Hiiidlu'.    Imt^b  blocks  of  aii^^cn- 
gneiss  from  the  <'onKloniurate  of  iMeall  a  Ghriaiiaiii,  several  as 
much  as  twelve  feet  long,  have  been  distributed  to  the  eastward, 
southward,  and  westward  of  the  hill  and  they  must  have  heen 
carried,  at  one  time,  south-westward  across  the  valky  of  Strath- 
vaich.    This  was  probably  when  the  ice  hiui  attained  its  maxinunn 
thickness,  and  the  ice-shod  was  cf)nsiderably  to  the  east  of  the 
present  tnain  water-shtMl  of  the  nortli  of  Scotland.     It  seems 
probable  also  that  those  found  sc^illerotl  on  the  Loch  Broom  side 
of  the  present  water-shed  (see  Report  of  Geol.  SiLvvey  for  189G, 
p.  18)  may  have  also  been  derived  firom  the  same  outuer. 
Dr.Crttiupton     Slrathmich. — Dr.  Orompton,  in  his  arcai,  finds  that  the  drift  is 
thickest  in  the  lower  part  of  Strathvaich,  where  it  has  been  cut 
ihvojiL^h  by  the  river  and  terraced.    It  consi.sts  of  a  loose  earthy 
accumulati«  m  ni  large  and  small  boulders  ( >f  schist  and  augen-gneiss. 
The  western  Nl«»pes  of  St  mt  hvairh  are  covered  with  morames  full  ot 
similar  boulders.  A  tine  scries  of  iCa,mcs  occurs  inunediately  south 
of  Strathvaich  Lodge.   The  most  noticeable  of  these  has  a  serpen^ 
tine  form,  and  is  600  yards  in  len^h.   Augen-gneiss  boulders  are 
plentiful  on  the  heights  south  of  Tom  Han  ^lor.    One  on  Sron 
Ghorin  measures  18'  x  S  x  5'.    ice  .stria*  with  S.K  -N.W.  direction 
occur  on  the  sunuuits  of  an  Torwiin  and  Sron  Ghorm. 

Stri;e  ncjir  the  base  (if  Mcjdl  an  Torcuiin  have  a  direction  E.S.E.- 
\V.N.W.  A  few  bloc^ks  of  conglomerate  are  scattered  over  the 
summit  of  Meall  Coire  nan  La^h. 

iilrtUfiruadale, — Qlacial  deposits  of  great  thickness  occur  in  the 
valley  to  the  castof  CnocLiath  nah-Acain  Iwiding  fr;)m  Boath  to 
the  junction  of  the  rivers  in  Glen  (J lass.  Sections  of  this  deposit 
.*^0  f<M^t  in  depth  occur  in  the  Allt  na  Scaspich,  without  rork  Ixjing 
seen  ill  the  river  bed.  Tliis  tliift  has  uhkIi  th«'  apiwaran -o  of  till, 
containing  large,  nnich-worn  boulders  of  augcn-gnciss  and  schist, 
and  is  full  of  smaller  debtns  of  schist  and  mudstono.    It  is  quite 
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loose  and  unconsolidatod  and  appctirs  to  (Xiss  gradually  into  the  DrCtempton 
thinner  drift  of  the  valleys  to  the  westward.  The  low  lyinj^ 
.  ground  to  the  east  of  Doiro  Leiithann  in  the  bjisin  of  the  Strath- 
rory  river  shows  the  same  unconsolidated  earthy  drift  of  great 
thickness.  Here,  however,  the  prcdomiuiuit  constituent  is  aebriH 
of  the  pink  unfoliated  granite  which  forms  the  ground  to  the 
N.  and  VV.  Small  fragments  of  the  Cambrian  Pipe-rock  occur 
in  the  drift  of  this  area.  One  of  the  most  noticeahle  features  of 
the  coimtry  is  the  quantity  of  immense  hoidders  of  augen-gneiss 
which  neetir  everywhere  up  to  the  hi'j'he^^t  altitudes.  Houlders 
of  10  feet  diameter  occur  on  tlu;  top  of  Ikiiui  Tharsuinu.  Tlie 
largest  houlder  measured  Ues  in  the  planUition  to  the  N.  of 
Bracantra  in  Strathnudak.  It  is  61  feet  in  girth  and  15  feet 
high.  The  augcn-gneiss,  however,  occurs  in  places  only  three 
mil^  distant  from  this  boulder.  Fine  examples  of  rwhes  moit- 
tonneftt  are  seen  at  the  base  of  Cnoc  a'  Mhndaidh  and  on  the 
opposite  hill,  Am  Mam.  and  the  striH*  found  o|v>?i  them  point 
K.  HO  S.,  and  their  long  axes  are  arranged  in  tlu'  same  direction. 
A  few  boulders  of  Scyelite  occur  near  the  large  augen-gneiss 
boulder.  These  have  apparently  boon  derived  from  the  exposures 
of  Scyelite  on  Cam  Cas  nan  Gabhar,  and  lie  in  an  £.  30  S.  direc- 
tion n-om  the  {)arent  rock.  Small  raorainic  accumulations  occur 
aloi^  the  slopes  in  Strathru.sdale. 

Kincunlln^  DiAvlct. — In  the  Kin(  ardine  district  there  arc  ex-  Mr.  Gann. 
tensive  deposits  of  glacial  drift,  mueii  of  it  of  amorainic  chameter 
and  loose  m  texture.  It  appears  to  lie  thickest  in  the  neighb<jur- 
hood  of  the  Easter  Fearn  Burn,  ea.st  of  Corriefearn.  The  main 
glaciation,asshown  bystriieon  the  solid  rock,  was  from  the  W.N.W., 
and  oonsTOCUous  hills  in  the  low  ground,  as  Church  Hill  and  Cnoc 
Bad-a-Hnacaidh,  have  long  and  thick  tails  of  drift  on  their  Ice 
or  K  S.K.  sides.  In  the  lower  part  of  the  Carron  Valley  and 
elsewhere  are  many  mounds  of  .siind  and  gravel  or  kaitns.  A 
pretty  set  of  such  mounds  occurs  to  the  south-west  of  lilar 
Garvary,  near  Ahhuinn  a'  <  'hoire  Hhuig,  at  a  hciglit  of  nearly 
900  feel  above  the  sea.  Well  formed  moraines  are  very  con- 
spicuous to  the  west  of  Gradal  on  the  Kincardine  Bum.  Many 
large  boulders  of  the  aug<>n-gnciss  occur  along  the  Kincardine 
shore,  and  thev  are  particulany  numerous  down  the  Wester  and 
Easter  Fearn  Bums. 


FOOT  GLACIAL. 

Both  the  2.5-fect  and  the  100-feet  raised  beaches  are  wt;ll  Mi-  t'lon^h 
developed  near  Inverguscran,  and  between  that  place  and  Airor.  Jj^  Gunn 
The  lO(K>feet  beach  ext«kb  up  Glean  Ghuserein  fer  two  miles. 

The  Dornoch  Frith  is  very  shallow,  and  extensive  modem 
deposits  of  mud  are  laid  bare  at  low  tides.  Raised  hc^acbes  are 
not  conspicuous,  except  at  the  mouths  of  the  principal  streams. 
The  2.5-feet  and  50-feet  l)eaflirs  can  generally  he  tra<;ed  on  both 
sides  of  the  Firth,  but  the  100-foot  hotich  appears  to  1)0  generally 
absents 
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2.    West  IIkjhf.axd  DismrcT. — Kxapdalk.  T.orne  axd  north- 
wards TO  Loch  Kil,  Skye. 

Mr,  B.  N.  Peach,  PMl.S.,  District  Geologist. 

Mr.  C.  T.  elouijh, 
Mr.  J.  S.  G.  Witeon, 
Mr.  H.  Kynaston, 
Afr.  A.  Harker, 
Ur.  C.  B.  Wotld, 
Mr.  U.  B.  Muff. 


Geologists. 


Work  wasciirried  on  during  tho  Reason  in  two  separate  rf\«jions. 
The  chief  district  is  on  the  mainland  in  the  counties  oi  Inver- 
ness and  Arg}do,  and  stretches  from  Lech  Shiel  in  the  north  to 
the  Grinan  C^nal  on  the  south.  The  one-inch  tnafis  in  which 
this  area  is  comprised  are  36,  37,  44,  45,  53,  54,  02.  The  otlier 
distrir  t  is  in  the  Islands  of  Skye  and  Soay  in  Sheets  70  and  71. 

The  principal  Gfolnrrical  Formations  and  rnrk  rrmnps  dealt 
with  are  : — Hiifhland  iMetamorphic  rocks,  and  assocint<'<l  Lcnrisscs  ; 
Torridon  Sandstone;  Metjurnorphosed  Cambrian  DoloniiU's; 
Lower  Old  Ked  Sandstone  and  associated  volcanic  and  intrusive 
igneous  rocks;  Triassic,  Jurassic  and  Cretaceous  strata;  Tertiary 
volcanic  and  intrusive  i^eous  rocks;  Glacial  deposits;  Raised 
Beaches,  Feat,  and  Alluvium. 


HIGHLAND  METAMORPRIC  ROCKS. 

The  region  in  wliich  work  wjis  carried  on  in  the  Highland 
Mctaniorphic  schists,  un^lor  the  supervision  of  Hr.  R  N.  Peach 
as  District  Geologist^  Stretches  rou^my  along  the  west  coast  from 
Loch  Shiel  in  the  north  to  the  Cnnan  Canal  in  the  south.  For 

eonvenifnee  of  description  the  region  may  be  provisionally 
divided  into  two,  viz. :  -('0  one  north  of  the  Great  Glen  and  the 
Liunho  Loch,  and  {h)  one  south  ol  that  line. 

(a).  Rt'tjioii  iuniJi  of  the  Urcat  Ulen  and  the  Linuhc  Ltt^'h. 

Mr.  Wilaon.  ^[r.  Wilson  is  the  only  geologist  w1h>  <!i  I  tic  !d  work  in  this 
district.  Tlic  rocks  in  this  region  are  chiefly  schists  of  Moine 
tvfK^  and  the  musrovitcMotife  iLrn^'i?^^  Thnnjrh  here  doscril)ed 
tirst  in  order  it  is  not  intciidrd  to  imply  that  they  are  older  than 
the  .schb;to.sc  rocks  .soiiih  ol  the  Grciit  Glen.  It  lias  been  shown  in 
man^r  former  reports  and  Sumimxries  of  Pntpress  that  rocks  of 
identiital  ( haractor  with  these  occur  over  wide  areas  of  country 
south  of  this  line. 

From  his  station  at  Corpach,  Mr.  Wilson  (  oTitinued  fieldwork 
in  Sheets  53  and  (52.  and  Tiinpped  nn  area  ot  37  square  miles, 
extending  from  a  line  drawn  tVom  the  head  of  Loch  Sheil 
south-west  as  far  as  the  middle  lit  trlen  Scaddlo.  north-westwards 
to  within  a  short  distance  of  tho  upper  end  of  Loch  Shiel  and 
the  beads  of  Cona  G)en  and  Glen  Hcaddle. 


Digitized  by  Google 


WEST  HIGHLAND  DISTRICT. 


110 


The  whole  of  thin  district  is  mountainous,  and  tho  <lifr<  -Knt  kinds  Mr.  WIImi*. 

of  rock  pro<luce  a  poor  and  very  inferior  soil.  The  flagstones 
\v»\»flM'r  Hn  vlnvvlv  that  any  soil  prfHliKctl  l«v  thHr  denudation  is 
at  oiico  ronioveii      the  various  atTnosphcnc  denuding  agents. 

The  denudation  of  the  muscovit< -liintiie  gneiss  to  the  west  of 
the  flagstones  has  produced  very  l  ug^'txl  and  rough  hill  masses, 
which  are  either  bare  rock  or  else  partiallv  coTcrod  with  a  short, 
bright  green  herbage.  This  is  duo  to  the  KMlgenicnt  hetweon  the 
rocK  ledgas  and  on  the  shelves  of  small  and  t  hin  patches  of  l^ht 
sjindy  soil  derivefl  from  tho  disintearntion  of  tho  gneiss.  This 
soil  is  also  suiitcreil  over  tho  surfaeo  of  the  moraine  slopes  which 
cover  the  lower  portions  oi  these  hills. 

On  both  sides  of  Glen  Scaddle  the  weathering  of  the  foliatetl 
ejpidiorile  has  resulted  in  hills  with*  long  gra.ssy  s1<  >ih  s  and  rock 
ndges  which  cuhuinate  in  sharp  peaks.  As  this  basic  rock  h 
louch  softer  than  the  surrounding;  flagstones  it  has  produced  a 
oonsidemhle  quantity  of  soil  which  isscntted  over  tho  lower  hill 
sloiK's.  This  soil  contains  a  small  |x^rronta*jc  of  alkalies,  etc., 
and  as  a  natural  result  Glen  Scaddle  has  the  best  grazing  ground 
in  this  part  of  Ar^yleshire. 

The  fairer  portion  of  the  grazing  ground  in  North  Ardgour  is 
confined  to  the  gravelly  and  sandy  moraines,  which  are  found  in 
every  yalley  and  hillside.  As  the  materials  whi'  h  cninpofle  these 
moraines  are  chiefly  derived  from  the  local  rocks  the  grazing  is 
oTilv  of  fi  mo<lerato  qnalitv. 

iJelween  the  head  <  >1  Lm  h  Kil  anil  C'reggun  there  is  a  eonsidend)lo 
Mi  of  Hat  ground  covered  with  de|X)sits  Inilonging  to  the  50-feet 
beach.  When  not  covered  by  peat  these  haughs  are  fair  grazing 
ground.  The  arable  land  is  coimned  almost  entirolv  to  this  raised 
beach  on  both  sides  of  Loch  Eil  and  the  west  side  of  Loch  Linnhe. 
The  crops  grown  1  ty  t  he  crofters  and  on  tho  farm  lands  ineludo 
p<»t;it<H's  o;(ts  ItMv,  with  a  few  acres  of  turnips.  With  the  ox(»'|»tion 
of  the  lull  j>ii.slures  l)elongiiiir  to  the  various  crottinL'  townships 
the  only  grazing  lands  are  conluied  to  tho  lower  j)oni()u  of  Glen 
Scaddle.  All  the  remaining  portion  of  North  Ardgour  has  no;T 
been  cleared  of  sheep  and  cattle  and  converted  into  deer  forest 

To  the  south  ot  the  CVeggag  and  Garvan,  and  in  Glens 
Stronchreggan,  Cona,  and  Swiddle,  there  are  still  to  Ix)  found 
considenihle  remains  of  rlie  old  Caledonian  Forest.  T^p  to  tho 
beginnini^  of  the  last  century  this  piirt  of  Ardgour  was  covered 
with  a  forest  growth,  which  was  extensively  cut  down  hy  the 
Bunawc  Iron  Co.  and  converted  into  charcoal,  and  shippotl  from 
Inyprscaddle  Bay  to  tho  iron  fiimaco  on  Loch  Etive.  Lame 
tracts  of  this  country,  which  at  present  are  barren  moor,  could 
be  profitably  planted  up  to  a  height  of  1 .000  feet. 

There  are  no  quarries  or  rock  suitable  for  building  purposes  in 
this  distriet. 

The  population  is  a  srattered  one,  Ix'ing  contine<l  chiefly  to  tho 
crofting  U)wn«hii>s  on  iiCH;h  l^il  and  Loch  Linnhe.  and  around 
Glen  linnan  llailway  Station.  Tlio  stream  water  sujjply  is  good 
and  abundant  all  over  this  district,  but  in  no  single  instance  has 
the  abundant  water  power  been  iitilisecl  for  in<tii»trial  purposes, 
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■.lYiboii.  The  solid  rocks  which  enter  into  the  area  are  crystalline 
schists  of  Moine  type,  inuacovito^biotite  gneiss  which  form 
the  "  rocks  ot  the  country/'  and  various  igneous  intrusions,  some 

of  which  have  been  rendered  schistose  and  metamorphosed, 
while  others  have  rottiined  tlu'ir  iLr?ioons  strM<Mnrcs,  and  are 
probably  of  later  date  than  the  luctaiiiorphism  ot  the  n  L-^iou. 

The  Moine  schists  or  granulitic  quartz  schists  with  laoro  or 
less  felspar  and  mica  form  the  south-eastern  half  of  the  area,  and 
resemble  the  rooks  described  in  former  Summaries  of  Progi'^ 
of  which  they  are  a  continuation.* 

The  muscovite-biotite  jss  is  a  coarsely:  crystalline  rock  with 
niuscovite  nnd  biotito  in  lartre  Hakes,  and  with  quartz  and  ff'lspar, 
which  may  be  sciilteR'd  either  TMore  or  less  regularly  throughout, 
<»r  may  be  arrangetl  in  layers,  knots,  and  lenticles  of  varying  size. 
Tiic  rock  in  plac^  is  flaggy  and  alternates  with  layers  of  granu- 
litic f  uurtz  schist  of  Mome  type,  while  in  other  places  it  becomes 
massive  and  coarse  and  assumes  the  appearance  of  a  foliated 
igneous  rock.  In  certain  piuts  of  the  present  area  it  is  much 
traversed  with  knots,  strinj^s,  and  vems  of  quartzo-felspathic 
material,  sometinies  (  jirrvinL,'  niuscovite  or  biotite,  or  even  bt>tli 
micas,  and  the  erysUiUine  texture  is  often  coarse,  wliich  in 
further  descriptions  will  be  named  "  pegmatites." 

Rocks  of  tne  type  of  the  muscovite-lnotit^  gneiss,  as  above 
described,  occupy  nearly  all  the  rest  of  the  area  surveyed ;  but 
thitf  area  is  only  the  eage  of  a  very  wide  belt  of  such  rocks.  A 
traverse  was  made  along  the  line  of  the  newly-constructed 
Mallai*^  railway  whih*  t]i«»  roek  euttiiiLTs  were  still  fresh,  and  the 
muscovite-l>i()tirf  LTueiss  belt  was  found  to  ext-eml  as  far  to  the 
west  as  Kuiiochaiiurt  station,  the  limit  of  the  traverse,  a  distance 
of  thirteen  miles  from  the  southern  boundary  of  the  belt  The 
direction  of  this  section  of  railway  is  almost  at  right  angles  to 
the'strike  of  the  schists. 

Igneoius  Mocks  Associated  with  the  Moine  Schists  aiid  Muscovite- 

Biotite  Gneiss, 

FoLiaUd  Iqnsous  Eocks, — ^Between  Glen  Soaddle  and  Cona 
Glen  Mr.  Wilson  mapped  the  extension  of  the  (jrlen  Scaddlo 
intrusive  igneous  complex  and  two  small  outlying  masses  within 
tb*'  areti  of  the  Moine  schists.  The  rocks  consist  of  foliatal 
epidiorite  with  its  inarLcinal  zone  of  granulitic  gneiss  like  that 
described  iii  former  »Su/u//i<<r//'.'<.f  He  also  met  with  diorite  and 
grey  basic  dykes  of  the  same  type  as  those  described  in  the 
Sivmmarjff  for  1900.^ 

Amphibolites  and  hornblende  schists  occur  as  sills  and  dykes 
in  the  muscovite-biotite  gneiss. 


•  Summarif  ofProgrm,  1687,  p.  65 ;  i&wl,        p.  40. 

f  Stnmmmrv  of  Progreti  for  1€96|  pp.  40^  41 ;        ISOQp  pp.  46, 46. 

;  Summary  *^  Proffren  for  1900,  ppL  4A,  46. 
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Ltttrr  L/ncovs  Dffl'f's. — lift \v<.rii  (Jl»  n  ScihMIo  and  Jjtw'h  Kil,  Mr.  WUmwi, 
Mr.  Wilson  dealt  with  unluliiiU  d  granit<Ml  vkr>  cutting  and  altoring 
the  Moine  schist  of  the  types  mentioned  in  previous  Sumiruirie^. 

This  year,  dykes  of  a  tjrpe  of  nx^  new  to  Sootlatid,  which  Dr. 
Flett  descrihcs  ks  **  Malchite,"  probably  connected  with  the  later 
granitos  of  tlie  ro«;inn,  were  discovered  in  the  railway  cuttings 
near  the  head  of  Loch  Eil.  Th«'  n4ation  of  these  to  the  schist  and 
foliated  itn irons  rocks  as  seen  in  the  railway  cuttings  is  described 
in  the  Re<jm  l. 

l>i.  I'leLt  adds  the  following  sunnnary  of  their  characters : —  Dr.  Flett. 
"  Certain  of  the  dykes  in  Glen  Finnan  are  Malchites,  Le.,  fine 
graine<l  grey  dioritic  dyke  rocks,  consisting  ot  hornblende  (green, 
turlnd)  and  biotite.  They  include  rocks  which  correspond 
exactly  to  the  typical  Malchites  of  the  Oilenwald  as  well  as 
others  which  ditter  from  these  in  several  important  respects." 

A  few  dolerite  and  basalt  dykes  of  the  ordinary  type  of  Mr.  Wil*  n. 
Tertiary  age,  and  with  a  north-west  trend,  were  met  with 
throughout  the  area. 

Seetiann  exposed  in  Ralhvuy  Cuitings  east  of  Glen  Finnan 
SUUion.  —Belvfeon  Glen  Finnan  station  and  Craigag  (two  miles) 
the  newlv-constriicted  Mallaig  railway  {msses  through  a  series  of 
rock  (  Uttmj^'s  which  aftbrd  excellent  sfction^  nf  tlic  nmsnnvito- 
bir)tit<'  L,nH'is.s  and  its  relations  to  the  various  iL,nicoiis  intrusions  and 
|>egnjalilt'.s  by  which  it  is  traversed,  in  ihtse  cuttings  there  is  a 
considerable  variation  in  the  character  of  the  gneiss.  At  the 
station  the  beds  are  very  flaggy  and  micaceous,  and  contain  a 
intich  larger  percentage  of  muscoTito  than  biotite,  and  are 
identical  with  the  sptingle-schi.st  ol  the  west  of  Ross-shiro,f  To 
the  east  of  the  station  tlic  beds  become  more  flaggy  and 
qnartzosc,  l)eing  foldt-d  on  a  small  scjile  on  nioro  or  less 
vertical  axes.  (>|)posiic  the  Roman  Catholic  cha|M'l  tliev 
contain  several  thin  bands  of  zoisitc-schist  with  wine-coloured 
garnets.  In  the  cuttiiu^  which  forms  the  west  approach  to  the 
viaduct  across  the  Glen  Finnan  valley  the  rock  is  lughly 
micaceous  (chiefly  biotite),  and  is  intersected  by  mnnerous  slip 
faidts  and  small  veins  tillc»<l  with  (piartz.  Here  the  planes  of 
foliation  are  often  slickensided  with  chlorite,  and  tlic  presence  of 
cVdorite  a|»i)eai*s  to  be  entiiely  confined  to  the  inniudiate  vicinity 
of  ccrLaui  unijjhibolitc  masses  and  dykes  which  are  associated 
with  the  schists  at  this  pointw  On  the  eastern  side  of  the 
viaduct  the  character  of  the  gneiss  changes,  and  for  some 
distance  it  is  a  coarse  massive  bandetl  grey  and  pink  gneiss 
ver)'  similar  to  that  of  the  eastern  edge  of  the  lx;lt  between  Glen 
Scaddle  atid  Cona  Glen.  On  tlu^  west  side  of  the  coimty  march 
and  above  the  public  rond  in  (ilen  Callop,  the  rock  is  a  coarse 
grey  contorted  mu-scovitc-biotite  gneiss  cLiclly  composed  of 
felspar  with  miiscovite.  Throughout  the  gneiss  there  are  small 
detached  strings  and  masses  of  pegmatite  accompanied  by  thin 


•  Snmnian/  of  ProffreM,  1897,  pp.  G.'i,  66. 
t  Summary  of  PrngreM^  1897,  p.  '>6. 
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Mr.  Wilson,  irn  iriilar  veins  ami  massos  of  quartz.  Iron  pyrites  is  fUsscmin- 
alotl  through  tho  r<»<'k.  On  the  east  side  ot  the  c*)unty  march 
several  hard  granulilio  bands  of  quarlzilo  aro  iissociatoil  with  the 
gneiss.  Between  the  Craigag  Lodge  and  the  public  road  the 
mascovito-biotite  gneiss  is  verj^-  similar  in  chan\etor  to  that 
portion  on  the  vest  side  of  the  viaduct,  and  has  a  latge  peicenlage 
of  micaceous  bands. 

fn  the  railway  section  alrcadv  desrriV)0(l  tlie  i^niciss  is  inter- 
sected hy  u  Inn^^o  number  of  dykes,  sills,  and  masses  of  amphi- 
b« >lite,  which  nev  er  attaiu  an^  groat  thickness.  They  are  all  foliated 
and  appear  to  have  been  mtraded  into  the  muscovite-biotito 
gneiss  prior  to  foliation.  So  entirely  reoonstnicted  are  theso 
Igneous  intrusions  that  it  is  now  a  matter  of  conjecture  whether 
they  were  originally  diorites,  diabases,  or  gabbros.  Many  of 
these  intrusions  contfdn  pimets  which  become  larger  and  more 
numerous  towards  then-  edges,  a' corn pmied  at  the  same  time  !»y 
a  lar«ro  increase  of  hiotite.  So  characteristic  is  this  in(;rcii-sc  of 
biotitAj  that  man^  of  the  smaller  dykes  are  now  entirely  con- 
verted into  a  biotite-schist.  The  rock  on  both  sides  of  the 
cutting  at  Craigag  is  intczsected  by  several  of  these  dykes, 
and  one  microscopically  examined  by  Dr.  Flt  tt  (9684),  is 
described  ))y  him  as  n  nonn  d  hintrM^  hornhlende  schist. 

All  these  amphibolites  arc  more  or  lass  e;it  by  pej^malit^  veins, 
but  it  is  a  remarkable  fact,  that  as  these  jKgniatitt  s  a|)j»roach  an. 
amphibolitc  mass  or  dyke,  they  sometmies  ilisiippear  or  else 
become  very  much  attenuated  where  they  traverse  the  amphi- 
bolite  intrusions.  Another  interesting  fact  observed  is,  that 
when  a  muacovite  i)egmatite  vein  comes  close  to  or  intersects 
one  of  these  amphiiKmtes.  biotitc  becomes  the  chief  niiea  in  the 
pegmatite  for  a  snort  distnnee  on  ho[h  sides  of  the  anipliiholites. 

In  a  enttin^'  on  tin-  e^ist  side  of  the  county  nrireh  several 
foliated  am[>hibuliLu  tlykes  send  branches  along  the  pianos  of 
foliation  of  the  gneiss/which  appear  to  coincide  with  the  original 
bedding  planes  of  the  sediments  from  which  the  schist  is 
derive^t. 

In  this  section  tho  muscovite  biotite  gneiss  is  intersected  by 
Tin7!ir»rous  pegmatites  which  vary  ifi  size  from  less  th  i?)  1  inch 
up  1  '  10  and  15  feet  in  breadth.  'i'li<  se  inte  rsect  tlu'  gnei.s.s  and 
ami)iul)ulites,  and  in  some  causes  a  few  of  them  traverse  thin 
malchitc  dykes  in  evcrv  direction.  The  large  pegmatites  to  the 
west  have  a  general  direction  of  N.E.  and  S.W.  As  a 
rule  they  are  unfoliated,  and  appear  to  have  lx}en  introduced  after 
the  foliation  of  the  gneiss.  An  exception  has  boon  notice<l  in 
onr  of  the  Inr^^"  ]>o'^miiif it»\s  in  the  srrond  cuttin'.^'  on  tVie  east 
side  of  tlie  viaduet ,  where  the  vein  has  a  rude  foliation  continuous 
in  dire<*tiou  with  that  of  the  gneiss.  These  pegmatites  are  largely 
composed  of  fels^xir  with  quartz  and  muscovite  mica  (sometimes 
replaced  by  biotite)  scattered  through  the  felspathic  basa  On 
tho  oast  of  the  viaduct  tbo  nmaW  streaks  and  lenticles  are  all 
more  or  less  parallel  to  the  foliation  of  tho  gneiss,  and  in  many 
cases,  are  cut  by  tho  larger  pegmatites  that  cross  the  foliation 
planes.    This  seenvs  to  indicate  that  the  pegmatites  are  ot 
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diffprent  ages.  The  dyke  like  pegmatites  froqnently  cut  one  Mr.  Wilwn. 
another,  which  sliows  tliat  there  worf  (litVcnnt  periods  of 
shattering  and  fis.suring  of  the  gneiss  prior  to  tlicir  fonimtion. 
The  walls  of  these  large  pegmatites  are  cleiirly  and  sharply 
defined  from  the  foliated  gneiss,  and  the  crystals  of  the  different 
component  minerals  are  often  smaller  next  to  the  walls  than  in 
the  rest  of  the  vein. 

Malcliito  dykes  traverse  the  mnscovite  biotite  gneiss,  aniphibolite 
dykes  and  ix^^nnatites.  They  are  composed  of  a  grey  tine  '^t  u tied 
holocr}'stailine  rock,  finest  in  grain  next  to  the  well-deHiieil 
margins  of  the  dykes.  The  breadth  of  these  dykes  varies  Irom 
six  inches  up  to  six  feet,  and  many  of  the  smaller  ones  are 
slightly  foliated.  These  are  sometimes  intersected  hy  a  few  thin 
stnngs  of  pegmatite,  wliich  indicate  that  some  of  thesfj 
"  Malchites  "  were  intruded  towards  the  close  of  the  period  of  the 
produetion  of  the  twiniiJitites.  Tn  tbc  serondlong  cutting,  to  the 
east  '<f  \ho  (ilen  I'liinan  Viaduct,  there  twv  five  of  the  largest 
Mulcluie  dykes  between  Glen  Finnan  Station  and  CVaigag.  In 
this  section  there  are  also  several  pegmatites  measurin}^  up  to 
fifteen  foet  in  breadth.  These  are  cut  at  several  pomts  by 
Malchite  dykes*  but  in  no  single  instance  was  p^^matite  observed 
to  enter  into  them. 


Region  8ovUh  of  Ute  Great  Glen  and  the  Linnhe  Loch. 

In  iu\d\{  inn  to  the  tract  already  des<  ril»e<l,  Mr.  Wilson  also 
surveyed  a  small  area  in  Glen  Nevis  to  the  south  of  the  Liiuihe 
Loch.  In  continuation  of  his  former  work  he  traced  the  eastern 
boundaiy  of  the  granite  of  Mullach  Nan  Coirean  (Summary  of 
Profjress  for  1809,  p.  42X  the  northern  limit  of  the  quartzite 
which  forms  tlio  upper  portions  of  Stoh  Ban  and  Sgor  a  Mhaim 
has  also  been  inapi)ed.  This  nx;k  is  n  massive  white  quartzite 
with  felspair.  On  the  west  side  of  Stnli  liaii,  viewed  from  the  east, 
it  is  seen  to  be  foKled  twice  on  itself  in  a  vertical  distance  of  alxjut 
1,200  feet,  the  axial  planes  of  the  folds  being  nearly  horizontal. 

The  Inotite-schists  {Nummary  of  Pro^reee  for  1898,  p.  47) 
which  he  l)etween  the  edge  of  the  granite  and  the  foot  of  the 
steep  cone  of  Stob  Bjm  are  all  contorted  and  folded  more  or  less 
vertically.  The  quartzite  dipping  to  S.  and  S.E.  with  an 
average  angle  of  35  seems  to  rest  u  neon  form  ably  upon  them. 
Several  outliers  of  quartzitc  cap  the  north-west  ridge  of  Stob 
Ban  above  Polldubh. 

Loch  Awe  DiMrict. — ^With  the  view  of  finishing  the  survey  of  Mr.Kywton 
Sheet  45,  Mr,  Kynastoii  visit*  <1  some  of  the  islands  near  the  head 
of  Loch  Awe,  with  the  following  residt:— - 

Tn  eonipletion  of  the  Loeli  Awe  area.  Mr.  Kynaston  mapped 
the  TslaiKi  of  Iniiisclionian.  near  the  head  of  Loeh  Awe,  from 
Daliiially,  and  the  small  islands  near  Kilclnirii  Castle.  The 
former  consists  of  indurated  black  behist.s,  with  strung  ribs  of 
i|uartate,  and  an  occasional  calcareous  band.  The  schists  axe  cut 
by  a  sill  of  hornblende  porphyrite,  and  some  small  dykes  of 
lamprophyre 
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Mr.  Tho  smaller  isbmds,  near  Kilch urn  (  asLlu,  show  the  ji^reciiisli 

Kynaston.    phylUtcs  und  slaty  beds  of  tho  Ardrisliaig  type,  traversed  by 
small  sills  of  epidiorita 

IfUiera  in  itU  Lome  district, — While  mapping  the  Lower  Old 
Red  Vnlcaiiic  plateau  in  the  .south- west  comer  of  Sheet  45,  several 
small  inlicrs  of  crysUllinc-sohists  were  observed  by  Mr.  Kynaston 
and  Mr.  Poach.  Of  the  areas  surveyed  by  Mr.  Kynaston,  he 
reports : — 

*'  In  tho  area  to  the  west  and  south-west  of  Loch  Scamadale, 
inlicrs  of  the  older  rocks  amongst  the  Lorno  andesites,  indicate 
.  the  presonoo  of  pale  grey  and  silvery  phylHtes  of  the  Ardrishaig 
typo.  Again,  two  miles  south-east  of  the  head  of  Loch  Soamadale, 
another  inlier  occurs,  consisting  of  black  slates  with  calcareous 
bands  overlain  by  a  coarse  felspat!ii(*  schistose  sjrit  or  quartzite,  of 
t]i<'  '  IxKih  Anvc'  type,  anci  intrusions  of  a  coarse  type  of 
epHiiorite,  rich  in  felspar.'* 
Mr.  I'eacli,  Extending  nor th-e*ist ward  fioia  Kilbride,  al>out  tivo  miles 
south-east  of  Oban,  there  is  an  area,  about  a  mile  long  and  a 
few  hundred  yards  in  breadth,  occupied  by  silvery  grey  pnvlHtes, 
black-schisUs,  and  lii  n  st  )ne,  surrounded  ftv  the  Lome  andcsites. 
The  limestone  bands,  wliich  are  thin,  dark,  crystalline  and  mi- 
caceous, arc  repcjitcd  by  innniiierahlo  small  isoclinal  foMs,  tho 
axial  planes  of  which  dip  towards  tho  S.S.K.  Tlic  rocks 
arc  evidently  tho  continuation  of  the  limestone,  the  black- 
schist,  and  probably  a  small  portion  of  the  underlying  phyllitic 
group  met  with  in  the  Loch  Awe  region,  the  "  Loch  Awe  group  " 
ofMr.HQl. 

Mr.  Muff.  LIsnunu'  ami  adjacent  IsIauvIh. — In  order  to  complete 
Shoot  45,  Mr.  Muflf'Tirtupd  tlio  m>v\h  end  of  the  Island  of  Lismore, 
and  some  of  the  surrouiuling  islaiuis  and  skerries,  and  has  supplied 
tho  Ibllowing  report  on  the  crystalline-schists. 

By  far  the  largest  part  of  the  north  end  of  Lismore  is  composed 
of  a  dark  blue  limestone,  which  is  sometimes  argillaceous.  The 
limestone  is  finely  crystalline,  and  contains  scattered  cubes  of 
pyrites.  The  argillaceous  portions  exhihit  some  sericitic  mica  on 
the  beddinir  planes,  and  often  alternate  in  thin  beds  with  ]^urcr 
liniestoiie.  Tlic  limestone  is  thrown  into  fVtlds  of  no  grejit 
amplitude,  whoso  axes  run  X.E.,  8.W.,  and  very  nearly  parallel 
to  tlie  south-east  coast.  The  folds,  though  commonly  verliciil,  may 
be  inclined  to  the  N.W.  or  to  the  S.E.,  and  their  axes  may  pitcn 
to  the  N.E.  or  to  the  S.W.  The  limbs  of  the  folds  are  commonly 
rippled  by  smaller  folds.  In  spito  of  this  folding  and  crumpling, 
the  limestone  must  have  a  eonsideralde  thickness. 

The  black-schist,  with  vert ieal  ])lanes  of  schistosity  on  which 
sericitic  mica  is  devolojyed,  crops  out  chiefly  on  the  west  side  of 
the  island.  It  extends  along  tho  shore  beneath  the  limestone, 
and  runs  up  into  the  cliff  in  folds.  Its  position  on  the  coast  is 
often  marked  by  an  indentation  of  the  snore  line  from  which  a 
depression  runs  inland,  but  in  more  than  one  case,  the  limestone 
is  .seen  to  arch  over  the  slates,  showing  that  the  latter  roc  k  under- 
lies the  lintestone.  The  jimction  between  the  slates  and  lime- 
stone is  clciir  and  well  marked. 
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On  Sliubh  nam  Bau-honii,  one  mile  W  .S.W.  ui  i*on  lUmsay.  a  Mr.  Mart, 
breccia  of  considerable  tbickness  rests  on  the  liuicstone.  It 
consists  of  angular  and  sub-angular  limcstono  fragments.  Tarr  ing 
in  si/e  from  small  grains  to  blocks  a  foot  or  more  across,  lying  in 
all  positions  in  a  limestone  matrix.  Some  of  these  blocks  tire 
composctl  of  contorted  limestone,  the  folding  of  which  appears  to 
be  anterior  to  the  inclusion  of  the  blocks  in  the  bn  rria.  A 
few  })ie<  es  of  black-schist  occur  here  and  tlu  ru  amongst  the 
limestone  fragments.  On  the  shore,  the  breccia  passes  uncon- 
formably  from  the  lunestone  on  to  the  black-schist.  The  section 
is  obscured  somewhat  by  the  intrusion  of  an  igneous  rock» 
referred  to  below,  which  has  metamorphosed  the  rocks,  and 
injected  irregular  veiim  into  them  in  all  direction.s.  As  to  the 
ai^  of  the  brecci>i,  it  is  certsiinly  of  later  date  than  the  linM  st-me 
Hud  lilack-schist  and  it  is  cut  by  Tt-rtiary  bjisalt  dykes  m  !  im  ta- 
ni<»rphosed  by  the  plut<jai»:  nuisscs.  'f"he  latter  iu  snniu  potro- 
logical  characters  resemble  the  igneous  rocks  of  the  Ben  Cruachau 
complex,  considered  by  Mr.  Kynaston  to  be  of  Old  Red  Sandstone 
age.    The  breccia  is  provisionally  placed  amongst  the  schists. 

Several  small  bosses  of  diorite,  mtruded  into  the  schists,  tire 
surrounded  by  distinct  anreoles  nf  rnrtamorphism.  The  black 
schist  and  limestone  hn-cf  i:i  nn'  strongly  liorutVlsed.  The  purer 
limcst4>ne  is  altered  to  a  vs  iiiiibh  crysttdline  marble  for  several 
feet  from  the  contact,  whilst  the  argillaceous  portions  of  the 
limestone  have  become  a  calc-silicate-bomfels.  Tne  chief  soil  on 
the  surveyed  portion  of  Lisuiore  is  derived  from  the  boulder- 
clay,  which  forms  a  stiff  clay  soil  with  stonc^s.  Nearly  all 
tliis  ♦,'round,  toj^ether  with  much  that  is  covered  by  the  gravels 
ot  tlie  Raised  lieaeli,  forms  aral>]e  land.  Over  areas  not  covered 
))V  bouldrr-clav,  the  f(>ld«'d  limestone  rises  to  the  surliu^e  in  Ions' 
rwlges  antl  humnuM  ks.  It  wcathei^?  along  its  exposed  divisioiud 
planes,  viz.,  bedding  planes  and  a  perpendicular  set  of  joints, 
iormiug  more  or  less  hroken-down  Itmestoue-piivements  compar- 
able with  the  "  olints "  of  the  North  of  En^and  Carlioniferous 
Limestone.  Along  the  lines  of  these  widened  bedding-planes 
and  j(Mnts,  there  grows  the  bright  jjrreen  vei,''<*tntion,  which  affords 
the  pii.sture,  for  whi(-li  the  i.sland  is  so  wrll  known,  and  whit  h 
causes  it  to  form  such  a  striking  contrast  with  the  surrounding 
heatherHskd  mountains. 

The  limestone  is  now  burnt  for  lime  only  at  Port  Ramsay, 
whence  it  is  shipped  to  neighbouring  coasts.  Of  the  diorite 
masses,  the  one  at  the  head  of  Allt  a'  Mhuilinn  affords  a  better 
stone  than  the  others,  whi(^h  are  somewhat  decomposed.  The 
})eat  is  not  cut  for  fuel.  The  water  .supply  is  derived  fmm 
spiiiig.s  which  are  abundant  chielly  al>out  the  level  of  the  50  ft. 
beach.  The  gravel  of  the  Kaiscd  Beach,  owing  to  the  springs, 
does  not  aftbrd  as  dry  a  soil  as  might  be  expected. 

The  islands  and  skerries  ot)'  the  north  and  west  coasts  of 
Lismore,  are  composed  of  folded  limestone  and  black-.schi^t, 
traversed  by  dykes,  which  are  siim'lar  to  those  of  Lismore.  Kilcaii 
Dubh,  on  the  east,  consists  of  white  and  yellow  ^juartz-sclust 
thrown  in*/)  isoclinal  folds,  so  that  all  the  beds  dip  to  the  S.E. 
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Mr.  Muff.  The  rock  is  mostly  fine-grained,  a  few  coarser  beds  alone  con- 
taining small  crushed  quartz  pebbles.  At  the  southern  end,  the 
strike  swings  round  froii\  a  N.E.,  S.W.  direction  to  one  slightly  W. 
of  N.,  and  thin-bedded  quartzite,  with  thiu  partings  of  green 
phyllite,  appear. 

Mr.Kynastoa  Glen  C renin. — Proceeding  towards  the  south-east  a  small  area 
of  crystalline  schists  was  mapped  by  Mr.  Kynaston  in  QtVssa 
Creran,  in  order  to  complete  tne  sm*vej  of  Sheet  45  (one  inch) 
for  publiaition.    Mr.  Kynaston  reports  as  follows: — 

"  On  the  east  side  of  the  glen  the  ground  rises  to  3,0(K)  feet  on 
the  granite  ridge  of  Ben  Sguliaird,  on  tlio  w  est  side  to  about 
2,200  feet  in  the  area  occupied  by  the  bluck-scliists  and  quartzites. 
The  river  C'roran  Hows  LLrou«jh  fertile  alluvial  Hats,  bouniletl  by 
steep  wooded  slopes.  The  hilb  are  mostly  grassy,  with  but  little 
heather,  and  so  afford  good  |msturage.  l!he  soil  on  the  hill  sides 
is  in  many  parts  calcareous,  i'rom  the  weathering  of  limestone 
and  calcareous  hornfels ;  in  other  ^iiXYtn  there  is  much  sandy 
material  from  the  weathering  of  the  granite.  The  ]X)pulation  is 
contincd  to  the  glco,  and  is  devoted  to  shoep-farming  and 
agricullui*e. 

"  In  continuation  of  last  year's  work,  the  area  on  the  east  side 
of  Glen  Creran  was  mapped  up  to  the  northern  margin  of 
Sheet  45,  and  the  lines  were  carried  on  into  Sheet  53  as 
far  as  Glcnurc.   The  schists  of  this  area  may  be  referred  to 

the  black-schists,  ijroy  ])hylHtes  with  (juartzose  bands,  and  a 
bande<l  calcareous  series  like  that  of  the  Pass  of  Hrandcr,  with 
o(H.4isional  narrow  zones  of  purer  liuiestone.  lutrusioiis  ot 
epidiorite  are  fairly  coumion,  but  they  are  usually  small  and 
frequently  behave  rather  as  dykes  than  sills. 

"The  influence  of  the  Ben  Crua(  ban  granite,  which  occupies  all 
the  higher  ground  on  the  ciist  side  of  the  glen,  is  distinctly 
noticeable  in  the  schLsts,  at  a  distance  of  nearly  two  miles  from 
the  granilc  nuirt^in.  As  we  approach  the  granite,  the  S4:;hists 
becoiiir  intensely  liurnfclsoil,  and  eonstiLute  the  continuation  of 
the  horuiels  zone,  which  has  been  traced  to  this  area  from  the 
head  of  Loch  Awe  and  the  Pass  of  Brander/' 
Mffctin.  KUmartin  District — In  continuation  of  work  done  in  former 

V^wii  years  by  Messrs.  Symes  and  Hill  in  the  west  of  Atgyleshire, 
Ai^d^ltlr.  Messrs.  Peach,  Wilson  and  Mutt',  during  the  autuum,  mapped  a 
small  area  of  crystalline  schists.  The  area,  which  is  about  two  or 
three  miles  broad,  extends  from  the  westeni  end  of  Loch  Avich  in 
the  north,  to  the  Crinan  Loch  on  the  south,  being  bounded  on 
the  west  by  the  Barbreck  River  and  Loch  Craignisn.  It  includes 
most  of  the  islands  in  that  loch.  The  northern  part  of  the  area 
was  mapped  by  Mr.  Peach.  A  small  intermediate  area  lying 
along  the  bovmdary  of  Sheets  8l>  and  37  was  surveyed  by  Mr. 
Murt'.  Willi  the  exception  of  one  square  mile  at  Slockavullin, 
south  of  ivilmartiu,  the  rest  of  the  area  was  mapped  by  Mr. 
Wilson. 

The  Kilmartin  area  is  a  portion  of  the  low  table- hind  into 
which  thi^  part  of  the  west  of  Argyll  is  carvod,  irrespective  of  the 
nature  uf  the  rocks  which  enter  mto  it. 
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Towards  the  S.S.W.  the  table- laud  is  about  400  feet  in  I'eueral  yAea»n<. 


RtTiV's  of  panillel  rooky  rid«^es  witli  a  N.N  K  niid  S.S.W.  trend, 
I  urros|Mjuaiug  to  the  outcrops  of  sheets  of  i  pitliorite  constantly 
repeateii  by  folding,  which  n  sist  the  weather  more  etieetualiy  than 
the  sedimenury  rocks  into  whi<'h  they  were  intruded  as  sills.  The 
two  principal  stTeams  which  drain  the  aroa  are  the  Barbreck  River, 
running  into  the  head  of  Loch  Craignish,and  the  Kihnartin  Burn, 
a  tributary  of  the  Add.  Both  of  these  run  along  the  strike  in 
wide  valleys,  the  lower  parts  of  which  arc  hollowed  down  to  IhjIow 
sei  level  and  which  are  continued  seawards  as  sea  loclis.  Terraces 
of  alluvium  and  various  raised  beaches  are  found  in  the  lower 
part  of  both  valleys.  The  high  alluvial  terraces  of  the  Kilnmrtin 
Burn  bans  ptirtly  duo  to  water  which  drained  out  of  Loch  Awe 
at  a  period  when  the  upper  end  of  the  loch  was  obstructed  by 
glacier  ice  and  the  temporary  outlet  of  the  loch  was  at  the  S.W. 
or  Ford  end.  The  side  stretirus  are  necessarily  short  and  steen, 
}i!i»l  often  mil  alotiii  Iijk's  at'  faidt  or  nlnn^-  tlie  courses  of  lias;ut 
tiykcs,  which  traverse  the  area  in  a  N.W.  ami  S.H  direction  in 
great  nuuibers.  It  is  along  these  lines  also  that  the  few  narrow 
passes  that  cross  the  area  are  found. 

The  table-land  is  for  the  most  part  occupied  by  rock,  but 
there  are  a  few  pitches  of  Boulder  Clay  and  nioniinic  drift, 
the  moraines  bemg  only  found  near  the  head  of  the 
Barbreck  River,  and  on  the  plateau  soutli  of  I^oeh  Avieh.  As  a 
rule  the  hollows  on  tlie  tahlt-  land  cnrrespouil  with  tht?  out<  roj>s  nf* 
sihist  of  sedimentary  origin  and  are  HiX)red  with  peat  or  swamps, 
and  an  occasional  small  loch,  in  the  high*;r  regions  a  thick 
swathing  of  peat  covers  almost  the  whole  surface  except  the  rocky 
hill  tops  ana  escarpments. 

The  decomposition  of  tlie  epidiorite  gives  rise  to  a  scanty  soil 
which,  where  not  covered  by  |Xiiit,  supports  a  grassy  vegetiition 
while  the  peat  and  (juartzitf  */\vo  rise  to  heath  and  bents.  The 
higher  part  of  the  table-land  is.  ihcrefore,  entirely  given  over  to 
sheep  and  grouse  UiCK>r,  while  a  few  ilighlaikd  aittle  are  reared. 
The  steeper  slopes  are  often  covered  with  grassy  vegetation, 
especially  where,  in  addition  to  the  iHbrin  of  the  epidiorite,  the 
underlying  rock  is  limestone.  These  slopes  are  mfested  with 
innumerable  rabbits,  which  are  trapped  and  sent  to  the  market 
in  great  nundx^rs. 

Cidtivation  is  now  almost  entirelv  confined  to  the  alluvial 
terraces  and  the  rai.Heti  beitches,  and  is  maiidy  directed  to  the 
wintering  of  the  live  stock.  It  has  been  much  more  extensive 
at  no  dtttant  period  and  carried  well  up  the  slopes,  es))eciallv 
where  limestone  and  decomposing  epidiorite  fonn  the  subsoil. 
Even  yet  these.<dd  cultivated  spots  form  the  best  grazing  grounds 
in  the  whole  district.  In  this,  as  well  as  in  nearlv  every  district 
in  the  West  Highiantl.s,  these  })at(  lies  of  oM  (  ultivati<m  are  over- 
run wiih  the  conunon  bracken  Ptt  riH  tufuUind,  which  is  spreading 
to  an  enormous  extent  and  spoiling  wide  tracts  of  good  pasture. 
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Me«Hrs.  The  population  is  chioHy  confinod  to  the  lower  parts  of  the 

wT^'     d  ^^^'^'>?'      ^  thicker  than  in  most  parts  of  the  West  Highlands, 
M  ift  "*       ^^^^  niixod  grazing  and  cultivation  which  the  region  affords  having 
I'ornicil  an  attmction  ever  slneo  tho  first  of  the  Gaels  ooloiused 
the  roi^on  early  in  the  present  rra. 

The  schistose  rocks  entcrin<j:  into  the  area  consist  of  pliylHtes, 
limestones,  and  (^uartzites,  of  sedimentary  origin,  witn  sheets 
and  dykes  of  epidiorite  and  chloriti«;  schists,  some  of  which  have 
undoubtedly  been  intrusive  igneous  rocks,  and  others  may 
prohably  have  been  lava  flova 

As  the  area  on  its  eastern  border  is  contiguous  with  that 
mapped  by  Mr.  Hill  in  former  years,  and  as  his  lines  have  been 
continued  into  the  ])rcscnt  area,  there  can  bo  no  doubt  that  the 
rocks  represent  Mr.  11  ill's  "Loch  Awe  Series,"  and  part  of  the 
*'  Ardrishaig  Phyllitcs."  It  was  found  tlesirable  to  sub-divido 
the  rocks  of  seaimentary  origin  fiirther  than  was  carried  out  by 
Mr.  Hill.  The  natural  grouping  of  these  rocks  and  thoir  order 
of  succession  appears  to  be  as  fofiows : — 

(c)  Quartzite.   Fine  grained  above  and  passing  down  into  a  coarse  pebbly 

grit  below,  the  pebbles  consisting  chiefly  of  quartz,  many  of  tnem  of 
biui-sh  tinge,  and  a  considerable  nunihcr  of  felspar.  One  snuill  i)eV)V>le 
of  grai)bic  granite  was  found  by  Mr.  Muff.  The  matrix  of  the  grit  ia 
places  beconiea  highly  caleareotifl  and  the  rock  in  places  passes  dovn 

intfi  tlie  foil') wing 

(d)  Pebbly  Lnuestone.  A  dark  limestone  more  or  less  sandy  throu|[hout^ 
with  iiebbles  of  quartz  and  felsj^uir  identical  with  thone  found  in  (e), 
and  with  fragments  of  lilink  kmaitoQe,  phyllite,  black -schist,  a  feM 
well  rounded  pebblea  of  titu- frniined  qnavt/ite  an  iix  b  or  two  in 
diameter.  In  places  the  limestone  )>ecomes  a  breccia  ol  dark  iimestuue 
and  black-schist  fragments. 

(c)  LiiiH^stone.  Dark  fine-grained  crystalline  liiuestone  in  thin  layets 
intercalated  with  dark  calcareous  slates  or  phyllites. 

(b)  IMack  slates  and  phyllites  interleaved  with  light-coloured  siliceous 
bands  and  grey  pliyllites,  and  pawing  down  by  gradual  intercalations 
of  grey  phyilites  into 

(a)  Grey  apd  green  silky  pbyUites^  some  of  which  are  sandy. 

The  rocks  of  sedimentary  ori^n  occupy  scarcely  half  the  area, 
the  rest  being  occupied  by  epidiorites  and  later  igneous  intni- 
Bions.     Both  tbe  scliists  and  epidiorites  are  thrown  into  a 

succession  of  sbarp  folds,  tbe  lonuf  axes  of  which  run  aporoxi- 
mately  N.N.E.  ana  S.S AV.  Hntli  limbs  of  most  of  the  folos  dip 
towards  the  S.S.E,,  but  tliure  are  a  few  exceptions  to  this  rule 
where  the  folds  arc  normal.  As  well  as  this  minor  folding 
the  rocks  are  arranged  on  a  lai^er  scale  in  a  compound 
anticline  along  the  eastern  border  of  the  area,  while  the  rest  of 
the  area  forms  part  of  a  compound  syncline.  The  result  of  this 
structure  is  that  the  grey  and  green  phyilites  (a)  are  mostly  to 
be  found  along  the  ridge  forming  the  watershed  lx?tween  f.och 
Awe  and  Cilen  Domham  and  Loch  Avich.  Passing  westwards 
iium  this  line  these  rocks  alternate  with  the  dark  phyilites  (b) 
and  limestones  (c),  while  the  jjebbly  limestones  (d)  and  the 
(piartzites  (e)  aro  the  chief  rocks  mot  with  in  the  centre  and  west 
of  the  area.    While  this  is  the  general  disposition  of  the  rocks^ 
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however,  the  lower  roclvs  frermently  show  theiiuselves  even  in  the  Messn, 
central  and  western  part  of  the  area  on  the  crests  of  the  sharper  f^^* 
minor  anticlines,  so  that  the  whole  series  cannot  be  a  thick  one,  m^**' 
even  with  the  addition  of  the  epidiorite  sills. 

During  the  ma{>pin^  of  the  area  a  considerable  aTiioimt  of 
evidence  was  ohtAiiicu  to  show  that  the  miartzite  (e)  and  the 
peblily  limestone  (d  )  are  unconformable  to  the  limestone  (e),  the 
black  hliites  (V»).  and  the  grey  phyllites  (a).  The  nature  of  the 
evidence  is  twuluid.  First,  the  pebbly  limestune  ^d )  often  contjiias 
fragments  of  the  dark  limestone  (c)  and  dark  uhyliitos  (b), 
where  the  two  rocks  are  adjacent  to  each  other,  and  the  bottom 
beds  of  the  pebbly  limestone  (d)  sometimes  consist  of  a  breccia 
of  these  two  rocks.    Grey  silky  phyllito  fragments,  like  those  of 

fronp  (a),  also  occur  both  in  tne  limestone  and  the  quartzifc. 
here  can  be  no  doubt,  therefore,  of  tho  dt  rivative  nature  of  the 
bed,  while  in  numerous  sections  the  pebbly  limestone  (d)  is  seen 
to  shade  up  through  calcareous  grits  into  the  quartzite  (e). 
Second,  the  quarUite,  which  usuaBy  overlies  the  pebbly  lime- 
stone, in  places  overlaps  it  and  rests  on  the  black  slates  (b)  and 
limestones  (c),  and  even  on  the  grey  phyllites  (a^  The 
efilcareous  j»Tit  or  pebbly  limestone  also  transgresses  the  rdges 
of  the  underly  ing  rocks  in  ])la('es.  The  (n  idonrc,  therefore,  is  very 
much  in  favour  of  im  unc-outurmahility  lietwccn  tho  quartzite  and 
pebbly  limestone  on  the  oiie  side,  and  the  limestones  and  phyllites 
on  the  othor. 

Epidiorites^  occurring  chiefly  as  wide  spread  sills  folded  with  tho 
sedimentary  schists,  occupy  more  than  half  the  area.  Two 
different  types  can  be  made  out  on  the  ground : — 

^  I.  A  fine-grained  rtxk^  elaggy  and  highly  veHicular  at  it8  margin,  aome- 
times  showing  an  arrangement  of  plmoo'uls  with  \  ••sirnlar  outer  layer  nnd  a 
nou-vetiicular  interior  Miggestive  of  the  '  pillow  Htructure,"  visible  iu 
certain  lava  flows.  Sills  of  this  rock  are  usually  associated  with  the 
phyllites  and  limestones  and  fti»|»nrpntly  produce  little  or  no  Tnetnmnr]>hic 
action  upon  the  neighbouring  sedimentary  rockii.  la  part  of  the  arcti  they 
are  continnous  with  rocks  already  repmted  on  by  Mr.  Symes  (Humvutrf/  oj 
PrfKfreM  1899,  pp.  61,  62)  and  Mr.  Kynaston.  Their  likeness  to  certain  Iwisic 
lavas  has  been  not<;d  by  Mr.  Teall  (ibid /&'tmi»a);y  cj^' i'roSfreM,  1900,  pp. 
3:i,  42,  44,  and  footnote  p.  34). 

2.  A  more  massive  rock,  coarse  in  texture,  and  with  few  or  no  Ye.stdGS. 
These  sills  are  ittiudly  associated  Mith  the  liinestones  and  <|uart/tte8, 
and  produce  a  certain  ainount  of  contact  mctamorphism.  converting?  tho 
impure  limestones  into  eaic-silicate  hornfels.  A  sill  whiidi  extends  over  a 
oonsidenible  area  in  Cilen  Domhain,  vhere  it  intnulcd  into  the  nuartzitee, 
is  so  full  f»f  lar^re  porpliyritic  fel-sjiars  that  it  looks  as  if  it  liua  been  an 
aodesitic  rock  pnor  to  its  alteration.  All  the  cj>idiorites  are  in  places  more 
or  less  foliated,  and  chlorite,  e[>idote,  and  rniHite  are  the  moet  common 
minerals.  All  are  more  or  le.s.s  calcareous,  and  in  tlic  J^la^'^'V  poi  tiori>  tlie 
amygdules  of  calcite  make  up  halt  the  bulk  of  the  ro(;k.  Tiie  iuicroscoi>ic 
characters  of  the  al)ove  ty|>e  of  rocks  have  V)een  already  given  in  Mr. 
Kynaston's  ret>ort  for  190f).  Sum innry  of  ProffreAit  for  1  JKJ<),  pp.  32-  35.  Mr. 
HiII  ha.s  also  aescribed  the  characters  of  these  rocks  as  dt  vefojx^d  in  ground 
adjacent  to  the  pre^jent  area.    Su/zmiHi  i/  of  /Vr>f/rt.<.f,  llHA),  \>\\.  41,  42. 

C'n ish,  or  psondo-con^loiiierates  were  observed   by  Messrs. 
Pe^n  ii,  Wilson,  and  Muff' in  ifround  iii!ij)]h'(1  by  them  respectively. 
They  occur  generally  where  tlic  pebbly  limestone  uiisoeiated 
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Peach, 
Wikon,  and 

Mutt. 


Mr.  Mufi; 


with  sills  of  epiiUorito.  From  the  fucL  ihiit  wliat  appear  to  have 
been  continuous  bands  of  shale  are  now  represented  by  rows  of 
isolate<l  phacoids  or  S-shaped  masses  of  slate  in  a  pebbly  lime- 
stone matrix,  we  arc  iiu  lined  to  accept  Mr.  Hill's  explanation  for 
part,  at  least>  of  the  phenomenon.  Mr.  Muff,  who  nas  mapped 
tlio  j>(  St  examples,  gives  the  following  description  of  what  occurs 
in  his  area. 

"  Tlic  strnctnrf  fl»'s''nbe<l  by  Mr.  J.  B.  Hill,  under  the  name  of 
'  crush  conglumcrulcs,  has  been  met  with  in  several  locjilities  in 
the  pebbly  limestones  usually  near  the  j  auction  of  that  rock  Avith 
epidiorite.  More  or  less  lenticular  blocks  of  epidiorite,  whoso 
long  axes  are  approximately  purallel,  lie  inclined  at  high  aisles 
to  the  line  of  junction.  The  best  exposure  occurs  at  a  cUff  1,200 
yards  north  by  east  of  Salachary.  Two  undulating  bands  of 
phaeoidal  masses  of  epidiorite,  eonimonly  between  six  mches  and 
one  toot  in  length,  and  with  highly  inclined  long  axes,  eross  tho 
face  ot  the  pebbly  limestone.  A  third,  but  shorter,  belt  is 
composed  of  phacoids  of  black  slate  embedded  in  the  limestone." 
Mr.  Muff  is  also  of  opinion  that  some  of  the  vesicular  phacoids 
found  in  the  fine-grained  epidiorite  may  have  had  a  similar  origin. 
He  reports  on  them  as  follows : — "  An  Samhladh,  and  the  ground 
to  the  north-east  is  compo.sed  of  folded  schistose  e])idiorit<j, 
which  contains  hands  of  uncrushed  vesicles  filled  with  ciUcite. 
In  many  pliices,  lenticular  masses,  up  to  two  feet  in  length, 
consisting  of  an  outer  coat  of  vesicular  epidiorite^,  and  an  inner 
core  of  more  schistose  epidiorite,  lie  with  vertical  long  axes,  in 
schistose  epidiorite,  the  planes  of  schistosity  of  which  confozm 
more  or  less  to  the  edge' of  the  kiiticular  mtxsses.  It  is  possible 
that  these  lenticular  ma^sses  have  been  formed  by  the  nipping  off 
of  the  crests  of  the  folds  comp'>s'Ml  of  an  outer  co.it  nf  highly 
vesicular  and  an  inner  core  of  strongly  schistose  epidiorita" 


TOKBIDOyiAN. 

Mr.  Clough.  IsIdV'l  c/ — In  order  to  complete  the  Survey  of  Sheet  70 
(one  inch),  Mr.  ( 'lou«,di  nndcrtook  the  mapping- of  the  Torridonian 
rocks  of  the  Island  of  Soay,  and  has  supplied  tho  following 
report : — 

"Tho  Island  of  Soay,  tlionudi  nearly  all  composed  of  bare  rock 
and  ]»(>at,  is  c<.>nveniently  siliiatcd  ior  the  herrintr  and  tho  lobster 
lishing,  Tlio  population  is  conscquentlv  not  so  sparse  as  in  many 
parts  of  the  Highlands,  and  it  diminishes  in  smnmer,  as  many 
of  the  younger  men  are  then  away,  en^iged  on  yadbits  and 
tourist  steamers. 

"Tho  island  is  essentially  composed  of  Torridonian  rocks, 
and  of  Tertiary  intrusions.  The  Torridonian  rocks  dip  some- 
what steadily  \V.  at  about  15*,  and  are  not  altered  nor  veined 
with  quartz,  and  fhere  is  nothing  to  suggest  folding  or  thrusting. 
They  arc  divisiMe  into  thro©  groups,  which  are  as  ioUows, 
beginning  at  the  top  :— 
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"1.  hf^xc  F;i 'ilmnn  groti]).  I'lilc  ])ink.  rather  fine-graiikbd  laltM)-b«dd€»d  ifr*  Clmigli* 
grits.    Thicknes.s  about  -JT'*  tcct.    'I'tiji  not  seen. 

2.  Beinn  Bhreac  g^up.  lied  and  purplish  red  false-bedded  grits,  with 
pebbles  from  half  an  incn  to  two  incheK  long,  of  quaitate^  fdaite,  aaaesite, 
and  jasper.   Tbickness  about  2,200  feet. 

"3.  Leac-Steaman  proup.  Palepiiil;    ilsel )e<l do* {  ^'l  its,  with  thin  bands  of 
grey  sandy  sliale.   Thickness  al)Out  uw  feet.   Base  not  seen. 

"  The  rocks  in  groun  2  closely  lesemble  those  in  the  ApplecrosB 

group  of  the  iiminlanci." 

A  liirge  N.W.  fault  cuts  the  islaud  in  two,  with  a  downthrow  on 
the  N.E.  side  about  700  feet.  This  iauk  does  not  appear  to  affect 
the  plAteau  basalts  on  the  north  side  of  the  Sound  of  Soay,  and 
it  is  probably  of  pre-Tertiaiy  age.  Another  &ult»  tending  Ni^. W., 
passes  a  Httle  east  of  Beinn  Bhieac,  and  has  a  downthrow  to  E.N.E. 
of  about  90  feet  The  fiiult  seems  of  earlier  date  than  a  thin  sill 
of  porphyritic  l)asjilt.  Various  other  faults  can  abo  be  proved  to 
have  taken  pliice  i)ri(»r  to  certain  igneous  intrusions. 

Isle  of  ^^kye. — ilr.  Wedd,  while  mapping  the  Secondary  rocks  Mr.  Wedd. 
in  the  ^conser,  Loch  SHgachan,  and  in  tne  Strathaird  Districts  of 
Skye  for  the  completion  of  Sheet  71,  met  with  some  small  inliers 
of  Tonridonian  rocks.  Owing  to  their  isolation  there  is  no  direct 
evidence  as  to  the  exact  subdivision  of  the  formation  they  belong 
to,  l)ut  there  is  no  dou1)t  as  to  their  Torridonian  age.  Of  these 
inliers  Mr.  W't-dd  reports  as  follows: — 

**  Near  Scoiiscr,  thi.H  .sandstonr,  hard  and  compact,  sometimes 
coarsu  and  pebbly,  either  uink  and  felspathic  or  light  grey,  lies  in 
an  anticlinal  foldf  on  and  oelow  the  northern  slope  of  Gkmaig. 
It  is  brought  up  again  further  west  by  N.W.  faults  at  Glac 
Fheama.  In  Strathaird,  Torridon  rocks  occur  at  Oamasunorie. 
They  consi-st  in  part  of  hard,  fine,  and  coarso-frrfdned,  conipaot 
sannstono,  often  pebbly,  and  cliaiiLrini,^  inv^ailarly  from  light  gi'ey 
to  pink,  with  nianv  grains  and  pebbles  of  lelsmr,  and  of  very  hard 
finely  laminated  shales.  At  Cfamasunorie  the  shales  occur  only 
aa  thin  layers  in  the  sandstone,  but  west  of  Camasunerie  they 
form  thick  beds  underlying  massive  sandstone.  -  The  relation  of 
these  thick  shales  to  the  rest  of  the  Torridon  sandstone  of 
Camasimerie  is  obscure." 

CAMBRIAN. 

Meiammyhospil  C<t  nihri<in  rjolom  ifes  of  Sfrafh  iv  Shy/'. — A  ^J""'  barker, 
re-examinatiou  of  the  metumorphosed  equivalents  of  the  liurness 
limestone  group  in  Skj^e  became  desirable  in  the  light  of  Mr. 
Teall's  work  on  the  similar  rocks  at  Led  beg  in  Sutherland  and 
Dr.  Pollard's  chemical  investigations  published  in  the  Summary 
of  Progrem  for  1900.  The  metamorphism  is  exceptionally  well 
displayed  in  the  vicinity  of  tho  Tertiary  granite  and  gabbrn  of  the 
Brojwlford  district.  Accordingly  Air.  Harker  revisited  these 
localities  in  conjunction  with  Mr.  Tail,  who  collected  a  typical 
series  of  specimens. 

The  results  go  to  show  that  the  rocks  must  have  been  in  great 
part  dolomiti^,  and  often  completely,  prior  to  the  igneous 
intrusions,  and  have  been  more  or  less  completely  dedolomitized 
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Mr.  Hwlnr.  by  mctnniorphism  in  tho  umnncr  described  by  Mr.  Tcali  (ICs  pp 
15n,  154)  1  lie  doloinitc  has  been  reduced  to  c^ilcite,  the  magnesia 
giving  rise  to  other  minemls.  A  common  typo  anionir  tne  re- 
suhin^  marbles  in  a  rock  consisting  of  calcite  and  lul^>lerite,  the 
latter  oiten  in  perfect  crystals,  which  show  mominently  on  a 
weathered  &ce.  From  this  type  come  also  at  least  the  majority 
of  the  serpentinous  marbles  or  "  ophicalcites  "  of  the  district,  the 
serpentine  being  derived  from  torsterite,  which  is  often  seen 
partially  destroyed.  Other  minerals  foimd  in  varieties  of  the 
marbles  arc  diopside,  tremolite,  white  mica,  idocrasc,  and  a  violet 
spinel.  Such  rocks  must  have  been  originally  impure,  cluefly 
owing  to  disseminated  chert,  but  pure  dolomites  have  also  been 
dedolomitized.  The  result  in  this  case  is  a  pure  white  rock 
consisting  simply  of  calcite  and  hnicit6,and  compaiahle  with  the 
*'pencatite"  oi  Predazzo  in  the  Tirol  It  seems  probable  that 
periclasc  was  first  formed,  and  has  been  converted  to  brucit« 
by  hydration ;  hut  neither  periclaso  crystals  nor  unmistakable 
pseuaomorpbs  after  them  have  been  detected. 


LOWER  OLD  RED  SANDSTONE. 

Mesara.  District  of  Loime. — Tn  order  to  ct)niplete  Sheet  45  (one  inch) 

lV«ch  and     with  a  view  to  its  publication,  the  remaminj^'  nnsnn  ryed  portion 
Kynaaton.     of  the  Lorne  Volcani'*  IM.iteau,  whicli  enters  into  that  sheet,  was 
mapped  by  Messrs.  1  each  and  Kyiiastoii  during  the  season. 

In  the  autumn  and  early  winter,  Mr.  Peach,  in  internals 
between  other  duties,  mapped  a  small  area  round  Loch  Nell  and 
the  liead  of  Loch  Feochan. 
Mr.  pMch.  Feodum  Area. — llic  area  surveyed  by  ^fr.  B.  N.  Peach  during 
the  year  is  part  of  the  Lome  Vf>lcanic  Plateau  which  hero  rises 
to  a  treneral  level  of  over  500  feet,  the  greatest  hci*jht  being  over 
900  feet.  The  platetui  is  trenched  almost  to  sea-level  by  the  two 
branches  of  the  Feochan  River  which  runs  into  the  huid  of  the 
sea  loch  of  the  8am<)  name.  The  floors  of  the  valleys  in  which 
the  rivers  run  are  flat  and  their  sides  steep  showing  a  step -I ike 
series  of  escarpments  corresponding  to  the  outcrops  ot  the 
successive  lava  flows.  The  side  streams  join  the  main  valleys 
through  deep  straiglit-cnt  rnvities,  which  coincide  either  with  lines 
of  fault  or  with  igneous  dykes,  the  shattereil  rucks  and  decom- 
posing dykes  being  more  readily  removed  by  the  strcauis  than 
the  more  solid  andesitic  lavas  which  they  traverse. 

The  surface  of  the  plateau  is  for  the  most  part  very  irr^tdar 
and  almost  bare  of  drift  but^  in  some  of  the  hollows  and  Hat«, 
there  is  a  sparse  coating  of  morainic  material  which  is  usually 
covered  with  peat  and  gives  rise  to  a  heathy  vegetation.  Above 
the  general  level  there  rise  irregular  roeky  tops  ^^ith  the  charac- 
teristic stair-like  escarpments.  Towards  the  western  portion  oi 
the  groundj  the  suriaos  of  both  the  flats  and  the  rooky  hillocks 
is  dotted  with  roondnes.  Some  well-defined  trains  of  boulders 
are  strewn  across  the  ground  and  can  be  traced  up  to  th^  parent 
rocks,  which  always  he  to  the  westward  of  the  trains,  while  the 
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soureos  of  oHicrs,  anch  as  those  of  the  Cruachan  p^-anife  hincks,  Mr,  FiMlu 
lie  M  il  side  thf  present  aroii.  Tlie  variefl  conditions  of  the  plattyiu 
give  rise  to  a  niixcd  vegetation  favourable  for  slieep  ^n^zing 
and  for  summer  grazing  for  the  hardier  varieties  of  young 
cattle  and  horses.  On  the  sides  of  the  valley  and  between  the 
escarpments  where  the  slopes  are  not  too  steep,  the  diantegrated 
igneous  rocks  produce  a  thin  soil  which  gives  rise  to  a  scanty  but 
sweet  vegetation,  aftonlincr  snnin^or  i^razmi^  for  cattle  and  sneep ; 
while  the  cultivation  is  aiiiKJSt  entirely  restricted  to  the  alluvial 
lauds  and  the  raised  beaches  wliich  floor  the  valle\'^,  but  tho 
ground  is  at  j^' resent  cropped  mauily  to  support  the  live  stock. 
Baiiy  farminff  is  carried  onhy  some  of  Uie  vrmers  as  there  is  a 
great  demand  for  milk  during  the  tourist  and  yachting  season  at 
Oban,  which  is  within  easy  reach.  The  population  which 
is  entirely  occupied  in  iamung,  is  sparse  ana  confined  to  the 
valleys. 

The  climate  is  mild  and  wet,  and  as  there  are  several  lochs 
along  the  course  of  the  streams  there  is  a  constant  supply  of  good 
water  both  summer  and  winter.  Copious  springs  issue  on  the 
sides  and  bottoms  of  the  valleys,  chiefly  from  the  &ult-breocias 
and  lines  of  dykes  which  traverse  the  andesites  in  large  numbers 

Trees,  both  conifers  and  hardwoods,  grow  luxuriantly  where 
sheltered  from  the  sea  winds,  even  upon  the  steep  (Uhri^^  ef>vered 
hill-sides,  and  sometimes  (»ri  tlie  rocky  escarpments  themselves. 

The  andesitic  lavas  supjply  material  for  drystone  dykes  and 
rubble  for  masonry,  and  tne  harder  varieties  afford  good  road 
metal,  but  the  best  road  metal  is  obtained  from  the  doierite  and 
basalt  dykes  which  traverse  the  area  in  great  profusion.  The 
numerous  boulders  of  Cruachan  granite  which  are  strewn  over 
some  parts  of  the  area  atlbrd  excellent  material  for  corner 
Stones,  lintels,  and  such  work  where  massive  stones  arc  reqiured. 

The  rjiised  beaches  antl  alluvial  de[)osits  afford  a  good  supply 
of  gravel  and  sand  for  concrete  and  mortar. 

Peat  occurs  in  considerable  amount  both  on  the  plateau  and 
on  the  lOO-feet  raised  beach,  but  is  not  at  present  much  worked 
as  coal  is  found  to  be  more  economical. 

The  prevailing,'  rocks  in  this  area  are  andesitic  lavas,  some 
coarse  conglomerati  s,  und  fine  tuft' and  basement  conglomerates, 
aud  red  and  grey  shales 

These  rocks  are  ariauged  as  follows :  The  basement  conglom- 
erates, overlain  by  red  and  ^ey  shales  like  those  of  Oban,  here  rise 
on  a  low  dome  from  beneatn  the  andesites  at  the  south  end  of  Loch 
Nell  and  are  visible  on  both  sides  of  the  loch.  In  the  high  plateau 
lying  between  Loch  Nell  and  the  foot  of  Glen  Lonan,  and  tho 
Feochan  Bheaj^,  the  t^rey  sliales  are  succeeded  by  and»>viti('  la^•as 
which  dip  {.jently  to  the  south  anil  east  frojn  off  the  dome,  being 
onlv  sepivrated  from  each  other,  in  most  cases,  by  their  own 
slaggy  upper  and  under  surtacos,  and  forming  a  succession  ot 
craggy  escarpments.  One  thin  zone  of  agglomerate,  tuff,  and  red 
shale,  l^ng  et  a  level  of  300 — 400  r  ;  from  the  base,  has  been 
traced  from  Torr  an  Tuirc  nmir  the  heiul  of  Loch  Nell,  by  Bama- 
carry  and  Kilmore  to  near  Kilbride.    Aoove  this  zone  sbattery 
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Ur*  Pewh.   finc-m*ained  andesite  flows  form  BUOceBBive  escarpmentB  for  a  few 

hunorod  feet,  and  are  then  succeeded  by  massive  coarse  porphy- 
ritic  hypersthene-andcsites  which  cap  the  highest  ground  and 
rroRs  the  area  from  Kihnore  to  Glen  Lonan.  Lava  Hows  i>t'  this 
t  vpo  arc  siicooeded  to  {]\v  vns\  of  the  prosont  area  by  a  zone  of 
iiuca-audesitcs  of  more  acid  character,  which  were  mapped  by 
Mr.  Kynaston  and  are  described  In'  him. 

In  tke  small  area  south  of  the  head  of  Loch  Feochan  mapped 
by  Mr.  Peach,  suooeasive  flows  of  basic  andesite  dip  genUy 
towards  the  north-west 

Both  of  tlio  above  areas  are  traversed  by  dykes  (jf  hornblende- 
porphyritc,  quart z-felsite,  and  lamprophyre,  of  the  same  general 
age  as  the  lava-ilows.  lliis  appears  to  be  the  nortliorn  ed<;o  of 
a  zone  whore  the  dykes  are  mcreasing  in  number  southwards 
from  the  present  area.  Both  the  lavas  and  these  dykes  are  cut 
by  numerous  basic  and  acid  dykes  with  a  north-west  and  south- 
east trend  which  are  probably  of  Tertiary  aga 
Mr.KyiiMtoi  District  between  Tat/nv  if f  <l n d  L(H'h  Scamnrhde. — ^Thisarea  con- 
sists ahiiost  entirely  of  hillj  li^rouiul,  rising'  to  a  heiLfht  of  nearly 
1,700  feet  al)ovo  sea-level,  and  is  ocnupied  l)y  tlie  Lo rue  volcanic 
series.  It  constitutes  essentially  a  denuded  lava-plateau,  inter- 
sected by  small,  though  often  steep-sided  glens.  The  slopes  of  the 
lulls  are  ofl^n  terraced  by  well-marked  Unesof  craff  andescarpment 
indicating  the  outcrop  of  successive  flows,  while  the  nigher 
ground  fiequently  forms  an  uneven  hoather-rovered  table-land, 
throiiirhont  which  numerous  knolls  and  crags  of  rock  stand  out 
among  nt  aty  and  mni-shy  hollows. 

The  lavas,  especially  the  more  basic  types,  are  usually  much 
decomposed  ana  disintegrated,  and  break  oft'  readily  into  small 
ai^lar  fragments.  The  rock  takes  on  a  vellowish  or  brownish 
crust,  and  is  purple,  or  sometimes  brick  red.  on  fracture,  in  con- 
trast to  the  almost  black  colour  of  the  fresher  varieties. 

Tlie  soil  is  thin  and  poor,  almost  tlio  entire  area  Ix^incf  pvcn 
up  to  gro\iso  moors,  and  slici  j)  ])asturagc.  The  only  portions 
under  cultivation  are  the  alluvial  tlats  in  the  ^-lens,  and  the 
raised  beaches  and  river  terraces,  where  the  soil  is  good  and 
fertile. 

The  rock  is  often  quarried  for  road  metal,  and  for  stone  walls, 
and  occasionally  for  building  purposes. 
The  population  is  restricted  to  the  glens  and  the  low  ground 

near  sea-lcvcl. 

In  the  TaynuUt  are^l  the  general  dip  «f  tlie  volcanie  series  is 
south-east,  and  it  is  often  possible  to  map  out  individual  flows 
and  trace  them  for  some  distance.  To  the  west  of  Taynuilt  a 
considerable  area  is  occupied  by  a  dark  purple  andesite,  with 
porphjTitic  crystals  of  plagio*  lase  and  greenish  pscudomorphs 
after  hy[>ersthene.  This  rock  is  well  seen  in  a  roadside  quarry, 
1^  miles  north-west  of  Taynuilt,  also  in  Airds  Park,  whence  it 
may  be  followed  across  tlic  wooded  prronnd  to  tlic  south-west  to 
the  conspicuous  hill  of  iMidh  Choindie^ul,  on  the  north  side  or 
Glen  Louan.  Ap^mrcutly  beneath  this  How  wo  find  in  Airds 
Park  a  much  more  acid  type  of  rock,  similar  to  the  felsitic  lavas 
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of  Glen  Nant,  described  in  the  Avmial  Siunmary  for  1897,  ^.Kjnwtaii 
p,  84.  As  in  Glen  Nant  wo  have  Jiere  also  a  finely  ban4ed 
structure  due  to  flow,  and  the  occasional  occurrcnre  of  a  coarsely 
sphenilitic  or  nodular  variety,  with  numerous  ntxliilar  l)odies 
up  to  aliOuL  iiiiif-an-iuch  in  diameter.  The  same  rock  is  ajirain 
well  seen  south-west  of  Taynuilt,  to  the  west  and  north-west  of 
Balindore,  and  forms  the  wooded  knoU  west  of  Barguilean.  Flow 
hreociatlon  is  occasionallv  seen,  and  there  is,  as  in  Glen  Nant,  a 
frequent  association  w^itn  hornblende  and  mica  andesites.  To 
the  south  of  Taynuilt  and  on  the  west  side  of  Glen  Nant,  the 
felsitic  lava  is  acfain  well  exj)<>s(<l  at  and  near  Taylor's  Xieap, 
together  with  hornblende-  ami  niica-anilusitcs. 

i3eneath  the  felsitic  lava  there  is  a  dark  grey  compact  andesito, 
which  appears  to  cover  a  considerable  area  immeaiately  to  the 
Bouth-west  of  the  Taynuilt  raised  beach.  This  is  a  more  basic 
type  of  laya  than  tlu'  li\  perstheno  andesite,  noticed  above,  only 
rarely  showing  porpliyritir,  felspars  and  containing  numerous 
specks  of  the  reddisn-brown  mineral  (  { iddingsite)  w-hich  occurs 
mostly  as  psendomorphs  aft^^r  olivine.  Jicneiith  this  basic  tlow 
■wo  tiutl  conglomerates  with  borne  red  shales  and  gritty  beds, 
seen  in  numerous  expesures  south-west  of  Taynuilt  Tiie  con- 

glomerate  shows  a  high  proportion  of  quartzite  boulders,  andesite 
oulders  being  also  common,  though  more  local. 
Interbedded  with  the  basic  andesito  of  Airds  Park,  N.N.W. 
of  Tavnuilt,  wo  have  a  liniid  of  an  acid  tutt".  It  is 
compact  JHifl  flintv  in  toxliirc  and  varies  in  colour  from  reddish- 
purple  tD  a  [«iic  yellowish.  It  is  often  crowdetl  with  siuall  Irag- 
ments  of  folsite,  with  some  of  andesite,  and  shows  biotito  flakes 
and  crystals  of  an  acid  felspar.  A  precisely  similar  tuff  is  again 
seen  in  the  higher  ground  further  south,  cropping  out  below  tho 
upper  crags  of  Cniach  Ard-dhuine,  whore  it  is  intercalated 
between  narrow  Kinds  of  r«'d  sh;de  and  sandstone. 

Tho  lavas,  l>ot)i  abovt-  and  lu  low  the  hands  of  sediment,  are  of 
a  basic  facies,  and  may  l>e  reterred  to  either  feispathic  ty|Xjs  of 
oHvine-basalt  or  a  very  basic  andesite.  The  lower  flow  rests 
upon  conglomerate,  and  is  highly  vesicular  towards  its  upper 
portion. 

Farther  to  the  south-west,  and  iu  tho  area  south  of  tho  upper 
pirt  of  Glen  Lonan.  the  normal  lava  is  a  somewhat  basic  andesite, 
which,  in  the  higher  \Miri  of  the  area,  is  caji|)<Ml  hy  a  well-marked 
flow  of  uii<'a-andesite.  This  latter  constiint*  s  tho  ui)!^^- part  of 
Cam  Gaibhre.  and  sUinds  out  conspicuously  in  the  crags  of 
Greag-an-Fhithich  to  the  south.  It  is  again  well  seen  on  the 
south  side  of  Beinn  Ghlas,  and  covers  a  considerable  area  to  the 
ninth-west  of  Lochan  Dubha.  Tho  rock  is  often  felsitic  and 
shows  flow-banding.  Flow-brecciation  is  also  very  common, 
numerous  a nixnlar  felsitic  fracfnK>Tits  heincr  cTnh<>dded  m  n  rc<ldish 
matrix.  The  rocks  which  overlie  tlie  iiii'  M  andrsite  are  well  seen 
in  a  crag  section  half-a-mile  north  of  Loeliau  Dubha,  Hosting 
upon  it  we  hare  a  flow  of  basic  andesite,  allied  to  basalt,  above 
wnich  is  a  well-marked  band  of  andesitic  agi^lomerate  and  ashy 
material,  overlying  which  is  a  purple  porphyntic(?)  hypersthene- 
andesita 
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Mr.KyiiMton  Tho  agglomerate  appears  apfain  on  the  west  side  of  Lochan 
Dubhaand  is  well  exposed  in  the  conspicuous  Creag  Mhor,  south- 
cast  of  Kilbride  in  Glen  Feoclian,and  nas  been  followed  for  some 
distance  above  the  xnica^desites  on  the  south  side  of  Glen 
Lonan.  Its  fragments  consist  entirely  of  different  varieties  of 
andesite  in  a  finely  firagnientnl  matrix.  They  are  occasionally 
more  or  less  rounded  and  often  attain  a  diameter  of  4  or  5  feet. 

The  basic  lu  a  below  tlie  agglomemtc  is  often  highly  vesicular, 
tho  vesicles  Iniing  represented  by  aniygdules,  often  as  large  as 
hens'  eggs,  of  reddisn  agate  with  an  iiiner  layer  of  crystalUne 
quartz. 

South  of  Kilbride,  in  Glen  Feochan,  the  high  CTOund  (Cre^ 
Ghlasrach,  High  Roc,  etc.)  oonsbts  of  a  dark  purjde  porphyrittc 
andesite,  with  numerous  phenocrysts  of  plncnoelase  and  a  green 
mineral,  probably  a  pseudomorph  after  In  })ersthene.  Tho  rock 
is  often  very  vesicular,  but  the  non-vesieular  portions  often 
closely  resemble  tho  intrusive  porphyrites,  owing  to  the  com- 
pafatiTebr  laise  size  id  the  phenocrysts  and  the  rmldish  <M>lour  of 
the  weathered  sur&ce.  This  type  of  flow  covens  a  connderable 
area  south  of  Kilbride,  and  is  continued  to  the  north  side  of  Loch 
Scamadalc. 

Further  east,  in  the  region  about  the  Sior  Lochs  and  l^einn 
l)ear<jf,  east  and  south-east  of  Musdale,  considerable  masses  of 
tull  have  been  mapped  and  were  seen  to  bo  bedded  between 
rather  basic  types  of  andesite.  This  is  a  rather  less  ac^  tuff 
than  that  of  AMa  Point  and  Cniach  Arddhnine,  and  is  similar 
to  the  rock  mapped  by  Mr.  Svmos  near  Achnacloieh,  and  by 
myself  near  Taynuilt  and  already  descriljcd.* 

Mr.  Peach.  Tlio  volcanic  rocks  in  this  area  must  rest  on  a  very  irregular 
floor  of  older  rocks,  for  an  elonpafr^l  inlier  of  black  shales  and 
limestones  (see  a >t^.',  p.  124'V rises  ironi  bcnetith  the  jx)rphyritic 
lavas  near  Kilbride,  which  nmst  be  separated  from  the  basement 
rocks  visible  on  Loch  Nell  by  a  thickness  of  more  than  1,000  feet 
of  basic  lava  flows,  the  edges  of  which  must  abut  against  this 
old  floor  of  schistose  rocks. 

Alr.Kynaston  luHors  of  the  older  rocks  are  seen  in  several  places  in  the  area 
about  Loch  Scamadale,  one  to  the  south-east  of  the  bead  of  the 
loch,  above  Fineglen,  occurriinr  at  an  altitude  ot  over  1,100  feet, 
and  forming  the  bed  uml  slopes  of  a  portion  of  tho  glen. 
These  inliers  afford  interesting  evidence  of  the  kind  of  surfivce 
over  which  the  lavas  were  poured  out. 

An  imjx)rtant  result  of  tne  mapping  has  been  the  recognition 
of  tho  wide  distribution  of  more  acid  types  of  lava-How,  such  as 
hornblende-and  niica-andcsitcs  and  felsites,  and  various  pyro- 
clastic  rocks.  This  may  servo  t(^  connect  the  Lorne  series  with 
that  of  the  lilaekniount  and  Cileneoe,  where  the  more  acid  tyi^ 
are  a  characteristic  feature.  We  may  note,  too,  the  not  infrequent 
observation  of  basic  having  succeeded  more  acid  material. 


*  "On  some  Tuffs  a.ssociate<l  with  the  Andesitic  Lavas  of  Iioi  n©,"  IVtifu. 
Sdm»  GttA.  tioc.,  vol.  viii.,  p.  87. 
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In  the  Summary  of  Progress  last  year,  p.  71,  Mr.  Kynaston  Mr«Kyiiiiiton 
dc^cn'Hed  the  induration  noticeable  in  the  andesites  and  con- 
glomerates as  they  are  followed  towards  the  Pass  of  Hrandor. 
This  year  he  obtained  further  evideiu  o  of  a  similar  kind  at  the 
north-west  end  of  the  Pass.  Thus,  in  the  railway  cutting  close 
to  the  Awe  Viaduct,  intercalated  in  the  andesites,  is  a  band  of 
kminated  shales  and  <i>frit8,  the  induration  of  which  is  very 
marked.  The  granite  is  not  more  than  three-nuarters  of  a  mile 
from  these  beds,  a  distance  at  which  it  may  well  have  indurated 
the  sediments  without  appreciably  affecting  the  andesites.  At 
the  entrance  to  the  I'ass  of  Brander  the  andesites  are  well 
exposed  on  the  south-west  side,  and  appwir  to  be  decidedly 
inoiurated,  and  show  fflnail  veins  and  hands,  a  few  inches  in 
breadth,  of  a  rock  allied  to  porphyrite,  but  approaching  micro- 
granite  in  texture.  Above  the  ciitl's  on  this  side  there  is  a  band 
of  conglomerate  and  grit,  which  again  shows  decided  indumiion. 

Dykes  (itxl  Sills, — Dykes  and  sills,  belon<jj'ing  to  the  saiiio 
volcanic  jx.'riod  as  the  lava-tiows,  are  exceedingly  nmncrous 
throughout  the  greater  part  of  the  area  mapped,  and  mainttiin, 
as  a  rule,  the  usual  N.N.£.  and  S.S.W.  trend.  The  mapping  has 
shown  that  the  area  most  thickly  intersected  by  these  mtrusions 
constitutes  a  kind  of  belt  or  z<.nc,  about  a  mile  in  breadth, 
stretching  from  the  area  immediately  south  of  Taynuilt  to  the 
high  ground  south  of  Loeb  Scamadale.  'I'be  intrusions  are 
mainly  horni>lende-  and  l)ii>tite-]H)iphyrites,  similar  to  those 
described  in  former  reports.  ()(•(  asionallv  more  basic  types  are 
found,  often  closely  resemblin|^  the  normal  undesitic  lavas,  while 
more  acid  varieties  have  affinities  to  quartz-porph  vry .  Intrusions 
of  quartz-porphyry,  cutting  the  andesites,  have  heen  mapped  in 
several  places  in  the  area  S.W.  of  Taynuilt,  and  closely  resemble 
those  ocrasinnally  assoc  iated  with  the  Hen  Cniachan  granite. 

Dykes  allied  to  lamprophyre  have  also  been  observed,  though 
they  are  not  common.  North-east  of  Locli  Scamadale  a  dyke 
occurs  closely  resembling  a  mic^i-diorite.  Another  dyke,  of 
unusual  type  in  this  district,  occurs  in  Glen  Nant,  a  quarter  of  a 
mile  south  of  Tailor's  Leap.  The  rock  is  allied  to  the  hyperites, 
and  mav  be  termed  a  hypersthene-dioritc^porphyrito.  It  shows 
imder  tne  microscope  [9652],  large  phenocrysts  of  zoned  plagio- 
elase,  idiomorphic  hyperstnene  altered  to  bastito,  and  ]ialc 
greenish  aucjite,  in  a  «rranular  grouutl-mass  of  plagioelase  with 
some  alkali-tclsoar  and  a  little  ouartz.  Such  dykes  form  con- 
necting links  Detween  the  anctesitic  lavas,  and  the  hyperite 
modifications  of  the  granites. 

Kingthoii^e  area  {Bluckmount  ainl  l><>i/fd  For/'sfs). — This  Mr.Kyi»itoii 
area  is  a  wild  mountainous  tract,  the  highest  point  of  which 
rises  to  slightly  over  8,000  feet,  and  is  rxiupifMl  by  the 
Blackmount  and  Gleneoc  volcanic  series  and  gi'anite.  On 
the  east,  the  wide  stretches  of  peat,  and  moraines  of  the 
Moor  of  Rannoch,  are  in  strikin*^  contnist  to  the  conspicuous 
heights  about  the  head  of  Glen  Etivo  and  Glencoe. 

Among  the  volcanii;  )-o(  ks,  the  homblcnde-andesite  weathers 
with  a  pale  grey  or  whitish  crust,  and  forms  conspicuous  crags, 
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J^.Kynaslon  often  much  broken  up  by  joints,  so  pro(biriii<;'  ninch  scroe 
material.  Tho  breccm  and  agglumorato  is  more  massive,  and 
weathers  into  comparatiyeljr  more  rounded  masses  with  a  roii^^h 
sur&ce,  and  breaking  away  in  largo  angular  blocks.  The  feimte 
fonns  striking  precipitous  crag8»  with  well-marked  Yertioftl  joints, 
and  disintegrates  into  sharp  angular  flinty  fragments.  Tho 
granite  forms  ronnded  liill-tops,  often  flanked  by  steep  crags 
with  characteristic  iointing. 

To  the  ea.st  lies  tne  western  portion  of  the  Moor  of  Iljuiiiuoh — 
a  table-land  with  a  granite  floor,  weathering  to  a  tine  quurlzuse 
sand,  covered  bv  moraines  and  peat-mosses,  while  in  the  hollows 
lie  numerous  lochs  and  lochans,  showing  varying  degrees  of 
silting  up.  The  peat,  where  of  good  quality,  is  used  for  mel,  also 
the  numerous  stumps  of  Scotch  flr  which  occur  in  it  so 
abundiuitly. 

There  is  no  cultivation,  the  ground  Ijoing  entirely  deer  forest. 

Volcanic  RtK'hi. — Tho  mapping  of  the  volcanic  area  to 
the  north  of  the  Clach  Leathad  was  contbiued  by  Mr. 
Kynaston  during  June  from  Kingshouse.     The  prmdfial 

types  of  rock  which  constitute  tne  volcanic  series  havo 
already  been  described  in  the  Sumniary  of  Progresa  for  last 
year,  so  it  will  ]>c  sutticient  here  to  give  a  summary  of  the  more 
recent  pro^Toss  of  the  work  as  r(^ards  the  behaviour  and  relation- 
ships of  the  rock-masses,  with  a  brief  account  of  certain  fresh 
fects  of  interest.  The  mapping  of  the  rhyolitic  felsites,  breccias, 
and  homblende-andesites  of  tne  long  north  and  south  ridge,  on 
the  north  side  of  the  Clach  Leathad,  was  completed.  The  ande- 
sites  occupy  the  highest  ground  and  form  a  roughly  oval  area, 
invaded  on  its  south  and  Avcst  sides  by  tho  Biackmount  granite. 
The  roeks are  mostly  tyjjical  borul)lcude-andes!tes,  thouech  augite- 
bearing  varieties  also  soniulinies  occur.  On  tlio  north  and  ca^st 
sides  of  Stob  Glas  Choire  a  zone  of  20  to  30  feet  of  dark  i^rvy 
laminated  shales  and  grits  was  found  intercalated  in  the  andesit^ 
The  beds  are  much  ind\uated  by  the  granite.  Below  the  andesites 
we  find  the  breccias,  apparently  imderl  ving  them  in  a  normally 
betlded  manner.  In  its  upper  port ir>!i  rlic  Itrcccia  is  often  of  Hner 
material,  nrid  occasionally  shows  Lrrilty  bands,  and  well-marked 
signs  of  bedding.  The  breccias  swee  p  round  the  northern  niari^dn 
01  tho  andesites,  capping  the  ridge  at  Sron  C'reise,  and  thence 
bend  round  to  the  south-west  and  are  cut  off  by  the  granite. 
While  examining  the  breccias  in  detail  in  two  or  three  places,  Mr 
Rjmaston  found  fragments  of  a  rather  acid  biotite-granite, 
resemblinr^  that  of  the  Clach  Lcatliad.  That  they  were  derived 
from  ibc  i^rauitc  of  the  Biackmount  is,  bowever,  not  passible, 
since  this  latter  is  clearly  itself  intnisivo  in  the  breccias. 

Tho  rliyoliiic  felsites  are  seen  apparently  underlying  the 
breccias  on  the  north-east  spurs  of  Stob  Glas  Choire  and  below 
the  summit  of  Sron  Greise.  They  rise  up  in  precipitous  crags  on 
either  side  of  tbe  Ckm  Ghleann,  and  thence  stretch  north  west- 
wards, below  Sron  Cnrise,  to  the  river  Etive,  being  terminated 
abruptly  to  the  south-west  by  the  intrusion  of  the  GTtinite.  From 
the  river  Etivo  the  felsites  were  traced  further  north-west  and 
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were  found  to  1)0  coutinuous  with  the  felsitic  masses  of  the  Mr.K^aMton 
Buachaiiie  Etive  Mor.  Along  iU*  uorth-eaiit  margin  ihe  felsite  • 
shows  a  sharply  defined  junction  with  the  older  schists.  The 
contact  fiMse  of  the  igneous  rock  is  usually  vertical  or  almost  so» 
and  behaves  apparently  as  an  intrusive  rock,  and  often  shows  a 
narrow  border  ot  breccia.  Outside  the  margin,  small  oval-shaped 
and  d\  ke-like  intrusions  of  the  felsite  are  common  in  the  schists, 
and  in  t  1h>  Cam  Ghleann  occur  two  small  piug-Uk©  intrusions  of 
au*^it€  iuiilcsite. 

Fassin_:  to  the  Buachaille  Etive  Mor,  on  the  nonh-west  side  of 
Glen  Ktivo  and  west  of  Kingshouse,  we  tind  evidences  of  bedding 
well  indicated.  Thus  at  the  foot  of  the  north-east  crags  of  Stob 
Dearg  the  base  of  the  series  is  formed  by  a  bed  of  conglomerate 
(15  feet),  resting  upon  the  schists,  and  overlain  by  redcUsh  and 
urple  shales.  Above  the  shales  lie  bedded  conglomerate  and 
rer<  if\  wliifli  nro.  overlain  by  the  rhyolitic  felsites.  Practicjilly 
the  whoie  ot  the  east  face  of  Stob  Dearg  consists  of  difl'crent 
varieties  of  folsites.  The  rocks  show  a  most  perfect  flow  structure, 
and  floW'brecciation  is  common.  About  halt-way  up  the  e^t  face 
a  band  of  dark  purplish  and  greenish  shtfles  is  seen  in  the  felsites, 
and  coincides  with  part  of  an  obliquely  descending  line  of  feature 
called  the  "  Crowberr\'  Traverse."  These  beds  are  again  well  seen 
in  the  \>cd  of  tho  immediately  smith-east  of  this  feature. 

On  the  north  side  ot  :Siob  Dearg  the  breccias  are  well  bedded 
and  contain  jj:ritty  bands. 

Th<'  intercalations  of  sediment  above  descriVied  closely  resemble, 
both  litliolofrically  and  in  mode  of  occurrence,  the  sedimentary 
bauds  so  coniniou  among  the  lavas  of  Lorne,  and  constituto 
strong  evidence  that  the  volcanic  series  of  the  BladEmount  and 
Royal  Forests  is  of  tho  same  age  as  that  of  Lome.  The  shales 
of  the  "Growberry  Traverse"  closely  resemble  tho  indurated 
sediments  seen  in  tho  railway  cutting  near  t  he  Pass  of  Brander. 

As  already  stated,  the  granite  of  the  filackmount  is  seen 

cutting  each  nicniher  of  the  volcanic  series  along  the  western 
slopes  of  tho  Sron  Creise  ridi^^'.  The  contacts  are  remarkably 
clear,  and  tho  evidence  of  tho  alteration  of  the  volcanic  rocks  has 
been  established  beyond  any  r*x)ni  for  dt>ubt,  both  in  the  field 
and  with  the  microscopa  Veins  of  granite  and  pe^^matite  are 
sometimes  seen  traversing  both  the  andcsites  and  the  breccias, 
and  the  granite  veins  occasionally  contain  fragments  of  tho 
breccia.  It  is  obvious,  therefore,  that  the  fragments  of  granite  in 
the  breccia  nnist  evidently  have  been  derived  from  an  older 
granite  in;iss.  or  may  indieato  an  earlier  plutonic phase  beloncfing 
to  the  biinic  poriod  of  igneous  activity.  A  parallel  case  may  l>e 
found  in  the  occurrence  of  fimnents  of  gramte  and  gabbro,  in  the 
agglomerates  of  the  Cuillin  Huls  of  Sky&* 


*  St'c  Marker.  *'  The  Sequence  of  the  Tertiary  Kocks  of  fc>kye,"  Geol. 
Mag,f  Dec.  4,  vol.  viti,  p.  W7. 
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MrKjnaatoD  Dykes. — The  final  period  ot  eruptive  activity  was  marked 
by  the  furmatiori  of  numerous  dykes,  with  the  normal 
K.N.E.  and  S.S.W.  trend.  These  are  mostly  of  hornblende 
and  mica-porphjnrite,  but  quartz-porphjny  and  andosite  are  not 
uncommon.  The  resenil)l;uH o  lietweon  these  dvkes  and  the 
similar  types  of  intrusion  which  cut  the  Lorne  andcsitos  and  the 
BoTi  Cruachan  granite,  is  so  close,  and  their  behaviour  and 
inl iiiiatc  association  with  acid  and  iiiterHiediaf •>  lavas  and 
phitonic  masses  so  similar,  that  one  can  liardly  doubt  that  they 
belong  to  the  same  period  of  vulcanicit^.  Intrusions  of  lunpro- 
nhyres,  or  allied  rocks,  are  comparatively  rare,  only  one  case 
having  been  noticed  this  season,  namely  of  a  rather  basic  rock 
allied  to  camptonite,  cutting  the  schist  on  the  north  slopes  of 
Sron  rVeise. 

Glen  Cremn,  Jim  ('nrachan  Granite. — The  mapping  ot 
the  western  margin  ot  this  granite  was  continued  oy  Mr. 
Kynaston  from  Glen  Creran,  and  the  boundary  line  was 
traced  from  Coire  Buidhe,  east  of  the  head  of  Loch  Creran, 
along  the  western  slopes  of  Ben  Sguliaird  to  the  upper  part  of 
Glenure.  The  larser  mrtion  of  the  rock  v»  a  biotite  granite, 
relativolv  poor  in  nornolende,  while  a  nuwo  acid  pink  ^rranite  is 
freauently  exposed  on  the  liiL^dier  ridges  of  Ben  Sguliaird. 
Inclusions  of  hornfels  are  couunuu. 

In  the  upper  part  of  Glenure,  N.N.E.  ot  Ben  Sjjuliaird, 
is  a  mass  of  aiigite-diorite,  of  a  type  formerly  observed  m  Glen 
Strac.  It  extends  from  the  south'bank  of  thc  nver  Ure  up  to  the 
granite  margin  on  the  slopes  of  Ben  Sguliaird.  It  does  not  pass 
mto  the  granite,  lint  apj)ears  to  Ix- iMt(-*rl)anded  with  it  in  a  rather 
complicated  manner.  The  same  rock  is  again  seen  nloii*^'  tlie 
gramte  margin  on  the  north  side  of  An  Grianan,  and  (l<jiiljti(\Hs 
represents  a  more  basic  mu<liticution  of  the  same  uiiigma  from 
wnich  the  granite  was  derived. 

Associated  dykes  in  the  Glen  Creran  area,  as  yet  mapped,  are 
confined  to  a  few  small  lamprophyres. 
liir.  Mufll  Lhinorc  Gi'anlte  McvAsa^. — During  the  mapping  of  the 
metamorphic  rocks  in  the  north  o\  the  Islaud  of  Lismoro, 
in  Slieet  45  (one  iu«  li),  Mr.  Mutf  niel  with  several  siuall 
bosses  of  pUitonic  rock  in  wlueh  were  rcpresentetl  several 
rock  type^  similar  to  or  identical  yrith  those  found  round 
the  margin  of  the  "Cruachan"  massif.  These  are  associated 
with  a  siiiular  set  of  dykes  like  those  surrounding  the  Cruachan 
area.  Both  sets  of  rocks  arc  in  turn  cut  by  one  or  more  typos  of 
Tertiary  basin  dyke.  A  strnTi;:]^  presumption  is,  therefore,  rai.sed 
that  these  rucks  belong  to  the  same  general  period  of  intrusion 
as  the  Cruachan  *,M*anite. 

Mr.  Mut^'  supplies  the  following  description  of  these  bosses  and 
dykes  in  Lismoro : — 

"  Four  plutonic  bosses  of  small  size  appear  -within  the  area. 
The  first  forms  a  small  promontory  on  the  west  side  of  the  island 
a  quarter  of  a  mile  nortli  ot  Sliabh  nam  B:m  Honn.  Tts  form,  as 
shown  in  the  elite's,  is  lli.il  ofu  bluiU.  cone  with  eonciive  sloixjs. 
A  .second  lx)ss  rises  as  a  doiue-sUapcd  hill  iumicdiatcly  N.E.  of 
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SliaVili  natn  Tlmfiomi.     A  third  occupies  the  ( ircnlar  hollow  at  Mr.  Mafl. 
the  head  of  AUt  a'  Mhuiiiun,  and  is  surrounded  l-y  liiijh  walls 
of  altered,  limesiouu.    It  is  crossed  by  a  Tertiary  Uisalt  dyke. 
Two  small  outcrops  on  the  side  of  the  large  peat  moss  at  Sron- 
nar-Oraoibhe  probably  belong  to  a  fourth  boss. 

Tlie  rock  composing  those  bosses  appears  to  be  typically  a 
medium  |rraincd  augite-diorite,  usuiilly  with  abundant  biotite. 
Hornblende  often  surroimdK  tho  pyroxene  and  a  very  little  quartz 
is  present.    A  specimen  trom  the  head  of  AUt  a  Mhuilinu 
contJiiiiing  rather  iiiore  fjuartz  and  abuutLint  (•itliochi.se,  shows  a 
passage  to  the  tonalites.     The  boss  near  Srou-na-braoibhe  and 
that  a    quarter  of  a  mile  N.  of  Sliabh  nam  Ban-fionn 
exhibit   basie  marginal    varieties.     A   specimen  from  tho 
latter    (10,106)   described    by    Dr.  Flett   as    "an  augite- 
biotite-(li«irite-pnrphyn(o,  sliows  larcrc  idiomorphic  phenocrysts 
of   p«ile   green  pyroxeiie.   iihundant    porphyritic  tviotitc  less 
pcrfet't  ly  formed,  remains  of  serpentine  atter  olivine,  and  a  j^Tound- 
nuusii  ot"  hypidioniorphic  plagioclasc  and  orthochise.     In  some 
respects  it  resembles  a  kentalfenite."  Several  small  veins  of  apUte 
which  contain  an  unusual  amount  of  plagioolase  cut, this  basic 
margin  of  the  boss,  but  basic  varieties  are  i  i  t  always  present 
along  tho  margins.    Near  the  contact  of  the  boss  nientioncd 
Sf'cond  al)Ove  with  the  limestone  breccia,  a  tine-graine<l  au<jrite- 
porphyrite  is  seen.     Tho  latter  has  injected  abundant  irregidar 
veins  into  the  former,  whilst  tho  igneous  rock  is  crowded  with 
fragments  of  limestone  and  limestone-breccia.    All  these  bosses 
are  accompanied  by  aureoles  of  metamoiphism  which  are  narrow 
in  the  purer  limestone,  but  broaden  out  in  the  argillaceous  lime- 
stone and  black  schist.    The  purer  limestone  is  converted  into  a 
whitish  marble  for  several  Itct  from  the  roQtact,  whilst  the 
impure  limestone  forms  a  calf-siliejite-hornfcls. 

Amongst  the  nuiri<."rous  dykt's.  it  ap|X'ar.s  possible  to  recognise 
1)   II   set  of   N.E.   lamprophyre   dykes,  {2)   irregular  mica 
aniprophvre  dykes,  (3)  a  set  of  dykes  varymg  in  composition 
from  basalts  to  andesites  which  traverse  the  island  froni  W.N.W. 
to  £.S.El  and  are  probably  of  Tertiary  ag&.    The  north-easterly 
lamprophyre  dykes  appear  to  be  vosgesites.    They  are  very 
ir!-oirnl;ir,  sometimes  appearing  as  branching  dykes,  sometitiK^s  .is 
a  si  ring  of  lenticular  nuisses,  end  to  end.    A  certain  small  amount 
ot  movement  appears  to  have  taken  place  suljset^uent  to  their 
intrusion.    On  the  low  promontory  immediately  west  of  Port 
Kamsay,  and  elsewhere,  the  W.N.W.  basaltic  dykes  cut  them.  It 
has  not  been  shown  that  these  lamprophyre  dykes  cut  tho 
plutonic  masses,  but  apparently  they  enter  jthe  aureole  of 
metaraorphism  without  undergoing  alteration. 

Tho  mica-lamprophyre  dykes  include  the  largest  dykes  in  the 
area,  the  l>cst  examples  appearing  on  Kiiean  liamsay  and  the 
neighbouring^  skerries.  It  cannot  be  said  that  they  follow  any 
particular  direction.  They  are  younger  than  the  plutonic  masses, 
for  not  only  is  an  unaltered  dyke  seen  to  penetrat^  the  metamor- 
phosed limestone,  but  small  lamprophyre  veins  out  the  diorite. 
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Mr.  PMeli.  Glen  DoiiJtain  Granite. — While  mapping  the  erysUiUine schists 
in  Glen  Domhain,  near  the  cdiro  of  S!i»'"ts  Jifi  and  37  (one  inchl 
Mr.  Pencil  traced  for  over  a  mile  the  soiu  Irtu  and  eastern  iM^nndary 
of  the  granite  mass  mentioned  by  Mr.  Symes  in  the  Su  mi/Kwi/  of 
JProgreaa  for  1900,  p.  49.  The  mass  is  £ne  grained  near  its  etlge, 
and  olten  of  a  ratner  basic  type,  resembling  the  hyperites  that 
are  found  near  the  margins  of  the  Galloway  granite  masses. 
The  alteiation  in  tlie  schists  and  opidiorites  is  intense  close  up 
to  the  granite,  but  dies  oTit  within  a  eomparativeh-  short 
distance,  and  is  similar  to  that  described  in  former  suumiaries.* 

TRIASSIC. 

Mr.  W«dd.  IdeofSkye. — In  order  to  complete  the  mapping  of  the  Second- 
ary formations  in  that  part  of  the  Island  ui  Skye  which  enters 
into  Sheet  71  l^Tr.  Wedd  resumed  the  work  of  last  year,  as 
rcporteil  in  Saunn'ti  i/  of  7^"(>(//v',vv,  1890,  p.  1111  His  work  wiis 
carried  on  in  four  separate  districts — {i)  Sconser,  on  Loch 
Sliffschan ;  (2)  StroUamus  and  south  of  Scalpay ;  (8)  Strathaird 
and  Torran ;  and  (4)  the  district  of  Stiath  between  Lochs  Blapiii 
and  Eishort. 

Rocks  of  Triassic  age  rn^rc  met  with  in  two  of  these  localities, 
viz..  Sconser  and  Strathaird.  About  Sconspr  they  consist  of 
conglomerate,  made  up  of  pebbles  of  Durness  (Cambrian)  lime- 
stone and  chert  and  1  urridun  sandstone,  red  sandstone,  and  red 
and  light  green  marly  beds,  the  conglomerate  predominating  near 
the  base.  At  the  top  there  is  often  a  bed  of  hard  fine-grained 
light  green  sandstona  In  this  area  tin  si  rocks  are  often  much 
metamorphosed.  At  a  point  800  yards  E.  of  the  second  mile- 
stone from  Sligtxchan  in  a  burn  section  some  thin,  soft,  light  marly 
sandstone  lying  ])etwcen  two  igneous  sills,  overlying  a  hara, 
coarse,  blue-streaked  grit,  and  underlying  the  lowest  Lias  lime- 
stone, may  probably  represent  the  thin  bods  provisionally 
assigned  to  the  Rhtetic  in  stratkt 

In  the  district  of  Strathaird  (8)  a  thin  quartz  conglomerate 
occurs  at  the  S.  end  of  Blath  Bheinn.  On  the  west  sfde  of  its 
southern  spur,  a  thin  blue  hmestone  conglomerate  is  visible 
beneath  the  base  of  the  hi<<hly  metamorphosed  Lias.  These  con- 
glomeratic beds  probably  hotli  belong  to  the  same  group  as  the 
beds  assigned  to  the  Trias  which  occur  elsewhere  in  Skye. 

JUBASSia 

LOWER  LIAS. 

hh  of  Skye. — The  Lower  Lias  in  the  Scionsor  district  consistB 
of  thick  micaceous  shales  and  beds  of  calcareous  micaceous 

s.'n\d>>t<uic,  V)nth  with  Ariotito  Ammonites  and  Gi^jpluva  arcvata. 
Below  those  is  a  thin  st;rics  of  l)lue  limestones,  with  nhale  near 
the  top,  two  coral  hods  near  top  and  bottom,  hands  of  (t'ri/p}i<i<L 


*  tiuninuiry  of  PriMjreu  for  1899,  p.  63 ;  lOid^  for  1898,  p.  86, 
t  Summary  o/  Progrtu  for  1900^  p.  113. 
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no^ir  the  top,  .uhI  :i  Ind  of  small  oysters  near  the  hose   T\\e  lime-  Mr.  Wedd, 
stones  are  perhaps  iiuL  iiuich  more  than  *A0  feet  in  tljicknef?s.  No 
separate  division  ot  eiilc-sandstone  at  the  base  can  be  recognised 
as  in  the  Broadford  beds,  neither  can  die  Bsndstone  "whktk  imrae* 
diately  OTerlies  the  limestones  be  found.  The  Buekkmdi  and 
Senii-ooakUu$  beds  are  recognisable.  In  district  (.3),  N.  of  Torran, 
highly  metamorphosed  hlue  limestones  with  beds  of  shales  in  the 
iifiper  part,  and  possibly  a  coral  bed,  dip  steeply  towards  the  S. 
and  S.  VV.  tVoni  off  the  granophvTe  on  either  side  of  the  Stratli 
Beag.    Tliey  are  succeeaed  by  thi^k  micaceous  shales  with  sandy 
beds,  consiaerably  metamorphosed.    The  shales  contaui  obscure 
ammonites  and  pectens,  not  yet  determined,  and  in  the  upper  cart, 
beds  of  Grypfuva.    It  is  elear  that  here  is  the  lower  part  Oi  the 
Lias,  but  it  is  difficult  to  say  how  &r  up  in  the  s^es  the  strata 
extcTid     In  Strathaird,  N.  of  Camasunerie,  Lower  Lias  occupies 
tlio  up]H  r  ]i  ii  t  of  tlio  valley  of  Abhuinn  nf*ar  Leac,  aiul  tonus  the 
lower  slopes  oil  the  E.  and  VV.  sides  of  tlie  soutli  spur  of  HIath 
Bheinn.    It  is  intensely  metamorphoseil  by  the  plutonic  roeks, 
and  also-  by  innumerable  dykes.   It  eonsists  of  thick  shales  and 
sandstones  overlying  thin  luue  limestones  intercalated  with  shales 
un<l  containing  l>anas  of  Qrypluta  with  thicker  limestone  below. 
The  whole  is  highly  metamorphosed,  but  the  few  tnices  of 
ammonites  obtaincnl,  together  with  the  beds  of  Gryphmi,  are 
enough  to  show  the  Lower  Liassic  aijfc  of  the  series.    A  little 
patch  of  the  stime  limestone  was  seen  near  the  mouth  of  Abhuinn 
Camas  Fhionnairidh.   In  the  Strath  district  (4)  Lower  Lias  has 
been  mapped,  as  usual  a  thick  series  of  micaceous  shales  and 
micaceous  sandstones   with   Gri/pJumf  &c.,  above  thin  blue 
limestones  with  thin  shales,  along  the  east  shore  of  Loch  Slapin 
and  the  north  shore  of  Loch  Kiahort.   The  BuckUiwii  and  Semi" 
cmUUm  beds  are  rooognisable. 

UPPEli  LIAS. 

Ide  of  Skyc. — A  small  exposui*c  of  Upper  Lias  was  noted  by 
Mr.  Tait  at  one  ]X)int  on  the  cast  coast  of  Strathaird  benejith  the 
shingle  of  the  beach,  wliilo  he  was  collectinsj;  from  the  lowest  beds 
of  the  Inferior  Oolite.  It  conUiins  abundant  Ammonites  of  the 
Conimunis  and  Serpentinus  groups. 

INFERIOR  OOLITE. 

Ide  of  Skye. — In. the  Sconser  district  (1)  a  massive  strip  of  white 
sandstone  is  seen  at  intervals  on  the  nordi  shore  of  Loch  Sligachan. 

Below  Ton  Mor  it  passes  up  into  shaly  sandstone  ana  sandy 
micaceous  shale  with  a  bed  of  impure  graphite  above.  As  no  fossils 
were  procured  Mr.  Wedd  is  unable  to  .say  to  what  part  of  the  Oolitic 
series  the  beds  be!f»T!'j^,  as  they  are  eoiupletely  isolated  and  no 
great  thiekness  is  seen.  In  the  district  of  Strollamus  (2)  very 
thick  metamorphosed  white  sandsU>nes,  laminated  in  the  lower 
part,  form  the  coast  and  eastern  slopes  of  Glas  Bheinn  Bheag. 
Calcareous  doggers  occur  and  seem  to  contain  obscure  belem- 
nites.    In  the  upper  part  are  one  or  two  beds  of  shale  and  of 
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Air.  Wedd.  liigbly  calcareous  sandstone  or  siindy  liiuostone  alloiecl  to  sandy 
marble.  A  comoarison  of  the  whole  sequence  at  Strollamus 
together  with  cviaence  from  the  sandstone  itself  and  firom  the 

fo^ils  pf  the  overlying  scries,  clearly  shows  that  these  metamor- 
pliosefl  sandstones  arc  the  Tnforior  Oolite  of  Strntliuird.  The 
intrusion  ot  the  granophyre  mass  of  Beinn  na  Cro  and  Glas 
Bhuiim  BhciiL,^  reverses  the  dip  in  anticlinal  form  between  the 
two  localities.  In  Strathaird  a  tliick  series  ot"  sandstones,  moro 
or  less  calcareous,  white  at  the  surface  but  blue  when  fresh,  and 
often  passing  in  the  lower  pai  ts  into  beds  of  gritty  blue  lime* 
stone,  forms  the  whole  of  the  eastern  side  of  the  peninsula. 
Beds  of  Aricula,  Pectin,  T^rihratida  and  Rhyiichonella  occur 
at  several  horizons.  As  these  licds  overlie  the  Upper  Lias  and 
pass  up  into  the  Great  Estuariae  series,  they  elearly  comprise 
the  Inferior  OoUto,  but  whether  they  include  any  higher  horizon 
or  hot  depends  upon  whether  the  lower  part  of  the  Great 
Estuarine  series  is  strictly  homotaxial  or  not  with  the  Great 
Oolite.  A  bed  of  black  pyritous  shale  of  variable  thickness 
separates  some  30  or  40  feet  of  white  sandstone  at  the  top  from 
the  sandstones  below.  The  shale  is  marine  and  contains  locally, 
badly  preserved  impressions  of  ammonites,  but  no  clearly  deter- 
minable specimen  lias  been  obtained.  The  Inferior  Oolite  sand- 
stones can  be  recognised  in  a  highly  metiimorphosed  state  on 
the  east  flank  of  Sgurr  nan  Each  near  the  head  of  Loch  Slapin. 

GREAT  OOLITE  (Loch  iHofin  Series), 

Ide  of  Shje. — At  Strollamus  (2)  the  thick  sandstones  are 
succeeded  by  a  series  of  shales  ana  sandy  limestones ;  both  are 
oft^n  crowded  with  small  bivalves  (Cyrena  ?).  Beds  of  dwarf 
oysters  also  occur  r<  "^emblinfjf  Oxfrca  hrhrhliea.  ITie  series  is 
companible  in  its  main  fciitures  with  the  ClreatOolito  of  Strathaird. 
In  Strathaird  (3)  the  Great  Oolite  consists  of  a  thick  scries  of — 

(J.  Blue  shales  and  mudstones,  with  calcareous  concretions. 

/  Smooth,  muddy  blue  limestones,  weathering  buff«  with  beds 
of  Palndina  scot  lea,  intercalated  shales  and  bands  of  "beet" 

e.  Shales  with  small  lamellibranchs  {Cyrerut  ?). 

d.  Calcareous  shales  or  shaly  hmostoncs  crowded  with  Osli'ca 

c.  Black,  sliali'S. 

h.  Blue  siuidy  limestones  full  ol  small  lamelUbranchs  {Cyrena  T). 
a.  Black  laminated  shales  crowded  with  the  same  bivalves 

The  series  undoubtedly  belongs  to  the  Great  Estuarmc  series. 
The  lower  part,  with  the  oyster  beds,  is  recognisable  in  a  metamor- 
phosed state  on  the  oast  Aank  of  S^urr  nan  Each  and  above  the 
west  side  of  the  south  end  of  Strath  Mor. 

OXFORDIAN. 

At  Strollamus  (2)  the  shales  with  lirn .  stones  are  suc- 
ceeded by  marine  shales  with  conlate  ammonites ;  these  shales 
must  couset^ucutly  be  assigned  to  the  Oxford  Clay.    On  the 
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opposite  coast  of  Scalpay,  in  the  valloy  of  AUt  Stfipai<^,  the  Mr.  Wedd. 
following  soqiicQCQ  is^n,  the  beds  dipping  KS.E.  or  S.E.  as  at 
Strollamus : — 


a3  ^ 


Feet. 

MetamorplHMed  cherts  (?)  sandstone  paanng  nnder  lava. 

^fetaniorphosed  blue  limestone  with  chert«  (?)      -       about  ft 
bl 


g     I  Blue  }>ebbly  calcareous  grit  with  I*eeten  (w/wr  and  Exogyra 
(5  cf*  conica  -•-.-2 

Gap  oj  a  few  feet. 


Bla(  k  Ifiminated  shales  irith  indeterminable  rtnnnoiiit*>s  and 
beleiiiuitea  -   


Tlic  ammonites  in  these  sliales,  thoiiLjli  too  obscure  for  definite 
determination,  on  the  wholo  somr-wliat  suLri^'ost  an  Oxfordian  or 
Kimeridgian  horizon.  As  Oxford  clay  undoubtedly  overlies  the 
Great  Estuarine  series  at  Stiollamus  just  opposite,  it  seems  that 
these  black  shales  probably  belong  to  an  Oxfordian  or  Kimeridi^nan 
horizon.  In  Strathaird  (3)  a  thick  Beries  of  grey  niicjn  (  is 
shales,  with  thick  calcareous-micaceous  shaly  sandstones  in  tho 
lower  part,  cover  tho  Greiit  Oolito  ainl  nndorlio  nearly  the  whole 
of  the  Tertiary  lavas.  At  the  liaso,  a  conj^loinerato  of  lartjfo 
round  pehl^los  of  white  quartzite  or  metiiniorphosed  white  sand- 
stone in  a  matrix  of  calc-shaly-mica-sandstone  sometimes  occurs. 
In  the  lower  beds,  cordate  ammonites  are  locally  abundant, 
together  with  large  bclemnites,  Peeteii  fihroms,  occasionally  a 
large  Gryphmi,  and  much  fossil  wood.  These  beds  iindoubt^y 
bclon'j;  to  the  Oxford  cla}',  Init  asno  fossils  were  found  in  the  upper 
part,  It  is  uncertain  whether  nnv  Corallian  or  Kimeridgian 
lif>riz(fii  is  present.  At  tho  top,  in  one  place,  a  small  outcrop  ot 
blue  innestone  was  seen,  gritty  below,  with  pebbles  of  siiudstono 
of  local  Oxfordian  type. 

CRETACEOUS. 

Sn(lj)ti  i/. — From  the  .south  of  Scaljmy  (2),  m  the  vallov  ot  Allt 
Stiiuaig,  fossils  from  the  thin  grit  al>ove  ment  loned  as  overlying  the 
black  ."iales  with  ammonites  were  submitted  to  Mr.  Newton  and 
Dr.  Kitcbm,  who  at  once  suggested  tho  resemblance  of  certain 
Pectens  to  P,  iLsper  of  the  Upper  Greensand.  This  deter- 
mination has  since  bean  conBrmea :  casts  of  an  Exogyra  soem  to 
belong  to  E.  cmi  im,  and  a  Spomh/Iffs  may  also  he  roprosentcd 
by  casts.  There  is  no  doubt  as  t<»  tho  Cretaceous  age  of  these 
beds.  The  overlying  blue  liniestune  bed  can  be  traced  far  in- 
land in  Scalpav,  wliere  it  is  pinched  in  between  the  grano- 
ph  vre  and  Uie  Torridon  Sandstone 

A  similar  blue  limestone  overlies  the  Oxfordian  shales  at 
Strollamus  and  may  also  be  Cretaceous,  but  this  needs  confirma- 
tion. The  .same  may  be  said  of  a  Ixxl  of  limestone  seen  in  one 
place  to  overlie  the  Oxfordian  shales  of  Stiathautl  (3). 
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Mr.  dough.  of   Skye.—On   the    south    coast   of   Skyo  a  small 

patch  of  Mesozoic  rocks  oraergos  from  licneuth  llie  plateau 
tasalts  between  a  ouartcr  and  halt  a  mile  of  the  loot 
of  Allt  nan  Leac.  This  patch  lies  on  the  north  side  of 
the  Sound  of  Soay  and  a  little  west  of  that  referred  to  in 
previous  years  by  Sir  A.  G«kie*  and  Mr.  Harker.f  It 
includes  a  considerable  thickness  of  the  Grypltcta  Imh  of  the 
Lias,  and,  above  thaso,  come  red  and  <::reen,  apparently  glancon- 
itic  sandstoiu  s,  with  (><  r!«sional  |X)bbles.  In  some  sections  llio 
sandstones  aj»}>ear  uncoiitormahlo  to  the  (>)-}/i>li(Pa  beds,  but  in 
others  they  arc  conformable.  In  the  best  seotion  they  appear  to 
be  confonoable,  they  are  about  fifty  feet  thick,  and  are  overlain 
by  a  chert-erit  horizon,  about  three  feet  thick,  in  which  are  thin 
couiaea  andlcnticles  of  chert  embedded  in  a  gritty  rocL  When 
ox.nnined  with  a  hand  lens  the  chert  shows  many  spicnles  and 
oilier  remains  of  micro-orsfanisnis.  Above  the  chert-tjrit  horizon 
come  two  or  three  feet  of  shale  with  small  lumps  of  dark  chert. 

In  one  place  near  the  exposures  of  cliort  iii  aitu  there  is  an 
a^lomeiate  wh^  probably  belongs  to  a  small  volcanic  vent 
Older  than  the  plateau  basalts.  In  the  agglomerate  there  aro 
many  lumps  of  chert  like  that  in  «i<it,  and  containing  similar 
spicules  and  micro-organisms.  There  are  also  many  pieces  of 
cnert  (?)  with  red  cores. 

Mr.  K.  T.  Newton  has  exummcd  thin  slices  of  the  cherts  from 
the  Ijcds  in  fiitu  and  also  those  in  the  agglomerate,  and  he  finds 
them  very^  similar.  The  organic  remains  are  much  obscured  by 
cbalcedonic  deposits,  but  it  is  clear  that  besides  the  abundant 
sponge  spicules,  foraminifera  are  present,  both  Textularian 
forms  and  others,  including  Glohigerlva  (?>  Some  of  the 
specimens  also  show  fragments  of  echiiRxU  rm  plates  and  serpula 
tubes.  Mr.  Newton  considers  there  is  little  room  for  doubt  that 
the  cherts  are  of  Crt.iaceous  age,  and  that  they  have  a  closer 
resemblance  to  Greensand  chert  than  to  those  discovered  in 
Arran.} 

Dr.  U.  J.  Hinde  has  also  examined  the  specimens  and  agrees 
with  Mr.  Newton's  \news. 

The  nearast  rocks  of  Cretaceous  age  that  are  at  present  known 
oe(  nr  under  the  plateau  basalts  of  Morven  and  Mull,at  distances 
of  fortv  and  fifty  miles. 
Mr.  Wedd.  Geological  StraciiLre  of  the  Secondare/  Rwkn  of  Skue, — 
The  above  rocks  seem  to  be  arrangeil  as  follows: — neea 
Sconser  (1)  the  strata  are  thrown  into  an  anticlinal  fold  with 
axis  running  E.N.E.  It  is  intersected  by  numerous  faults 
p<  iK  r  dly  with  nortli-west  direction  and  north-east  downthrow. 
Al  Sirollannis  (  2  )  llie  lower  beds  have  a  general  E.  S.  E. 
dip  from  oil"  the  ^ranophyre  of  Cila^s  liheinn  hhcag,  and  their 
general  dip  is  mamtained  throughout  the  local  J unuisic  series ; 
several  fitiuts  occur,  but  their  {>osition  is  often  conjectural  owing 


♦  Summary  of  Progress  for  1898,  p.  137. 
t  Summary  of  Proffreas  for  1899,  p.  14?. 
X  JSummartf  o/  Pro^rtti  for  1000,  pp.  123^  109, 
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to  tho  presence  of  much  drift.  In  Strathaird  (3)  the  Jurassic  M?.  Wod«L 
rocks  are  almost  free  from  faults,  except  in  the  north,  where 
there  is  much  fniiltinp^.  On  tho  west  siuo  of  the  peninsula  an 
important  fault  runs  from  tho  east  side  of  the  Camas 
Fhionnairaidh  NJ^.E.  up  the  valley  of  Ahhainn  nan  Lcac. 
It  throws  down  Great  Oolite  on  tne  east  against  Torridon 
rocks  and  overlying  Lias  on  the  west  It  is  evidently  pre-  ' 
Tertiary  and  post-Jurassic.  East  of  it,  throughout  Strathaird 
(8)  tho  Tertiary  lavas  rest  on  Oxford  clay  or  slii»^htlv  overlap  on 
to  the  Gnat  ( ^nlito,  while  west  ol  the  fault  the  lava  lies  on  Lower 
Lias  or  Torn* ion  Sandstone.  The  fault  has  considerahle  slraii- 
graphical  sigjniticance,  for  throughout  the  south  of  Skyc,  its 
fine  of  continuation  to  the  N.N.E.  marks  the  re-appearanco 
of  Trias  and  Lower  Lias  on  the  west.  This  fiiult  truncates  the 
western  side  of  a  shallow  synclinc,  which  'loccupies  the  greater 
part  of  Strathaird.  West  of  the  fault  a  narrow  anticline  runs 
alonuj  the  west  Hank  of  tho  valley  of  Abhuinn  nan  Leac  and 
further  north  alon^  the  east  flank  of  Sgurr  nan  Each  and  Imj- 
yond  it.  West  of  tho  anticUne  another  syucline  is  shown  in 
the  Idas  of  Blath  Bheinn.  Betwem  Locn  Shtpin  and  Loch 
Eishort  the  Trias  and  Lower  Lias  lie  in  a  gentle  syndina 

TERTIARY. 

LjnemiH  Rocke  of  Skye, — Mr.  Harker  was  occupied  during  Mr.  Harker. 

the  field-season  chieHy  in  mappinc:^  the  hasallie  plateaux  on  the 
west  side  of  the  Isle  of  Skye,  between  Loch  Bracadalc  mv]  f.oeh 
Brittle  (Sheet  70,  one  inch).  The  area  surveyed  during  the 
year  en  the  western  side  of  Skyc  forms  part  of  an  oxtensivo 
region,  throughout  which  like  physical  c(Hiditions  rule.  This 
region  consists  of  an  assembla^  of  deeply  eroded  plateaux 
curved  out  of  the  Tertiary  basaltic  group,  which  is  a  succession 
of  basic  lavas  alternating  with  basic  sills.  It  is  thus  a  country 
of  strong  relief,  but  with  extremely  little  variety  of  lithokKj^ical 
characters.  The  climatic  conditions,  determined  by  the  situation 
and  the  prevailing  winds,  are  also  strongly  marked.  The 
precipitation  is  ver^  heavy,  and  storms  are  fircquent,  but  tho 
winter  temperature  is  not  severe. 

Except  where  escarpments  or  crags  oi  the  more  renstant  rocks 
break  tnrough,  tln^  ;irfa(  e  of  the  country  is  in  general  covered 
more  or  less  thieivly  with  peat.  This  covering  has  in  p*eat 
measure  protected  the  subjacent  rocks,  which  had  previously  been 
stripped  and  scoured  by  the  ice  of  the  glacial  period,  and  it 
results  that  over  most  of  the  country,  soil  and  suosoil  are  alike 
wanting.  This  moorland  ground  is  given  over  to  sheep-farming, 
and  a^rds  good  pasturage.  The  slopes  are  roughly  drained  by 
surface  cuts,  where  the  shape  of  the  ground  is  favourable,  but  the 
more  l»'vcl  .stretches,  which  form  the  flat  watersheds  and  border 
the  prinei})al  streams,  are  in  tlie  condition  of  bog.  The  j^eat  is 
cut  for  fuel,  hut  at  present  ('mIv  by  the  crofters  for  their  own 
needs.  Keclamation  lias  never  been  atteniptetl  except  on  a  very 
small  scale,  and  there  is  little  prospect  of  an^r  successful  effort  in 
this  direction. 
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Mr,  Harktr.  Cultivation  oi  any  kind  is  practicable  only  on  certain  narrow 
strips  of  tlio  lower  grouncl.  On  the  slopes  of  some  parts  of  the 
main  valleys,  and  also  sometiiiies  of  the  narrower  sea-lochs,  wliich 
are  submerged  valleys,  the  boulder-clay  attains  some  thickuwis, 
and  comes  to  consist  of  a  reddish  loam,  or  sandy  clay,  representing 
the  waste  of  the  basaltic  rocks.  Most  of  the  crofts  oocupv  these 
situat  ions,  while  others  are  placed  on  the  relics  of  raised  beaches 
which  frin^  some  sheltered  portions  of  the  coast.  Potatoes  and 
oats  ftre  rniscd;  the  latter  a  scanty  crop,  \^hich  ripens  late,  or  in 
some  years  not  at  all.  The  small  size  of  some  of  the  crofts,  and 
the  inequalities  of  the  surface,  render  the  use  of  horses  for 

J)lougliliig  (litHcult  in  many  crises,  and  the  ancient  ctutchrom  or 
bot-plough  may  still  be  seen  at  work  in  the  more  remote  places. 
The  manure  in  general  use  is  sea-weed.  Owing  to  the  neavy 
annual  rainfall  in  this  region  the  soil  speedily  becomes  robbed  of 
its  more  soluble  constituents,  and  in  any  attempt  at  cultivation 
of  a  systematic  kind,  the  choice  of  suitable  fertilisers  would  be  a 
prime  condition  of  success. 

Here,  as  clsowliere,  the  volcanic  gn^ip  is  found  to  consist  of 
numerous  altcruations  of  basic  lavas  ana  intrusive  sills,  also  of 
basic  composition.  The  lavtis  present  somewhat  more  variety 
than  in  the  districts  formerly  mapped.  The  amy^dules  in  tliem 
sometimes  attain  a  large  sise,  and  contain  a  profusion  of  zeohtic 
minerals,  often  very  porfectly  crystallized.  Another  interesting 
feature  is  the  not  mfrequent  occurrence  of  bands  of  red  clay 
(plinthite)  due  to  the  surface  of  a  lava-fiow  having  suffered 
subiierial  weatherin*^'  ])eforo  it  was  eovcrud  t)y  the  next  succeeding 
How.  Only  rarely  is  the  monotony  of  the  succession  broken  hy 
lenticular  patches  of  volcanic  agglomerate,  indicating  the  neigh- 
bourhood of  small  vents  now  concealed.  In  one  ooast-section, 
near  Dunan  Earr  an  Sgiiirr,  occurs  a  fluviatile  deposit,  some 
thirty  feet  in  thickness,  marking  part  of  the  course  of  one  of  the 
rivers  of  the  volcanic  epoch,  ana  consisting  of  alteniations  of 
conglomerate  and  beddtKi  tuff.  The  pebbles  are  of  granite  and 
Torridonian  grit,  rocks  nowhere  exposed  in  this  part  of  Skyc. 

Tlie  regularly  stratiform  intrusive  sills  ol  dolerite  interf^dafed 
among  tlie  lavas  make  up  more  than  half  of  the  total  thu  kness, 
and,  owing  to  their  superior  durability,  form  all  the  prominent 
features  <»  the  landscape.  They  have  in  this  distnct  a  rery 
general  vertical  prismatic  jointing.  In  particular,  the  isolated 
hills  Prcshal  More  and  Preshal  Beg,  near  Talisker,  afiford  a 
magnificent  display  of  regidar  columnar  structure. 

The  great  majority  of  the  sills  are  not  porphyritic  in  the 
ordinar}^  sense,  Imt  sf>Tne  oiielose  sparinu^ly  scattered  crystals  ot 
felspar  of  conspicuous  diin-  i  sions.  One  sill  of  peculiar  character 
is  well  exhibited  in  a  small  isolated  hill  (crowned  by  a  Dun)  about 
two  miles  north  of  Talisker.  It  is  about  100  feet  tliick,  and  the 
upper  and  principal  portion  is  crowded  with  large  porphyritic 
felspars,  but  lower  down  these  become  rarer,  and  at  the  base  they 
disappear  entirely,  while  the  rock  assumes  in  other  respects  a 
difterent  character.    A  comparison  is  suggested  with  certain 
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composite  douWc  sills  formerly  noted  on  Roinovaliind  olsewlicro; 
but  m  the  ])nsent  instance  the  re  is  no  sharp  dividing  line  between 
the  upix-r  and  lower  portions  of  the  sill. 

Wliilo  mapping  tlie  small  area  of  Liassic  and  Cretaceous  strata  Mr.  Clough. 
already  reft»rred  to  (ante  page  14G)  as  occurring  on  the  north  side 
Sciay  Sound,  Mr.  Clough  fimnd  an  agglomerate  with 
fragments  of  chert,  containing  sponge  spicules  and  micro-organ- 
isms  similar  to  that  found  in  situ,  near  at  hand,  and  wliich  Mr. 
Newton  considers  tQ  be  probably  of  Grecnsand  age.  Mr.  Clough 
is  of  opinion  that  tlio  fiir<xlonierate  "  belon<^^  to  a  small  vent 
older  than  the  plateau  basalt."  In  addition  to  the  fossiliferous 
cherts,  the  agglomerate  contains  many  pieces  of  chert  with  red 
cores,  the  exact  nature  of  which  is  doubtfid. 

IdandofSoay. — The  intrusiTe  rocks  in  the  Island  of  Soay 
arc  regarded  hy  Mr.  Clough  as  of  Tertiary  age.  Perhaps  the 
eiirliest  intrusion  is  the  small  elonp^atcd  mass  with  tlattish  top 
which  forTiis  Dubh  Sgeir,  wliich  is  u  peridotitc.  It  is  in  pirt 
crowded  willi  inclusions  of  tnx  tolite,  some  as  much  as  18  inches 
loiig,  and  is  crossed  by  two  N.N.W.  dykes. 

The  othrar  hitrosions  form  dykes,  running  N.W.  or  N.N.W.  as 
a  rule,  or  sills.  Many  of  the  dykes  and  siUs  are  rich  in  olivine* 
and  some  of  the  sills  consist  of  dunite  or  picrite.  These  highly 
basic  rocks  frequently  cut  others  of  dolcritc  or  basalt. 

There  are  a  ninnber  of  sills  of  porphyritic  hasnlt,  and  in  these 
the  felspar  phenucrysts  near  the  centn)  are  often  two  or  three 
inches  long,  and  one  or  two  broad.  luireiy  they  are  an  nuich  as 
eight  inches  long,  and  four  broad.  These  phenocrysts  invariably 
diminish  in  size  near  the  margins  of  the  sill,  and  for  three  or 
four  inches  next  the  selvage  they  usually  disappear.  This 
seems  to  indicate  that  the  phenocrysts  are  not  strangers  in  the 
rock,  hut  have  l)cen  developed  in  sifu.  Similar  phenomena  arc 
observed  on  the  course  of  a  foni^  dyke  of  })orphyritic  basalt  which 
crosses  the  E.  side  of  the  island  in  a  nearly  N.  direction. 

Near  several  of  the  intrusions  the  Torridonian  grits  have  been 
partially  vitniied  into  buchite. 

InvemeaS'Mre  and  ArgyUskire, — ^Dykes  with  a  general  N.W.  Mesare. 
and  S.K  trend  are  more  or  less  numerous  in  all  the  areas  }^y^* 
mapped  in  this  region  during'  the  season.    Tliese  vary  from  highly  mhj^ 
basic  olivine  basalts  to  truehytes  and  even  rliyolites.    As  they 
traverse  all  the  rocks,  as  well  lus  most  of  the  structures  above 
described  they  are  jonsidered  to  be  of  Tertiary  age. 

A  few  basalt  or  dolerite  dykes  of  this  age  were  met  with  by 
Mr.  Wilson  in  the  area  mapped  by  him  north  of  the  Great 
Glen. 

Mr.  Mutt*  traced  dykes  of  two  tyjxjs,  viz  : — dolerites  and  horn- 
blende -  nndesitcs,  across  the  northern  end  of  the  island  of 
Lismore.  The  relative  dates  of  intrusion  of  these  two  ty{>es  is 
doubtfid,  but  Mr.  Muti"  formed  the  impres.sion  that  at  least  one 
of  the  aiidesite  dykes  traversed  a  dolerite  dyke. 

In  the  district  south  of  Oban  (Sheet  4i>)  dykes  of  this  age 
become  more  numerous.  £ast  of  Kilhride  they  all  appeiu*  to  be 
basic  in  composition ;  but  to  the  south  of  Loch  Feocnan  there  is 
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Mesm.  a  belt  of  country  about  a  mile  Tiride  where  compound  d^kes 
Wiiwln  and  which  succossiTe  rocks  of  increasing  acidity  fipom  olivine 

Muff         basalt  11])  to  rhyolites  have  welled  up  one  and  the  same  fissure. 

Several  of  the  fissures  can  he  shown  to  liavc  been  used  as  an 
escape  for  gases  after  they  had  been  filled  by  one  or  more  of  the 
earlier  molten  intrn.sions,  as  they  are  })artially  tilled  with  agglo- 
merate and  tuff  made  up  of  thin  fragments  of  these  rocks  tin  well 
as  those  of  the  walls  of  the  fissure,  and  through  this  agglomerate 
some  of  the  more  acid  rhyolites  can  be  seen  to  have  risen.  A 
very  good  example  of  such  a  dyko  is  exposed  within  a  few  yards 
of  the  road  along  thesni;t  Ti  shore  of  Loch  Fcochan,  about  one- 
third  of  a  mile  from  its  bead.  The  oldest  rock  filling  the  fissure 
is  an  olivine  basalt.  This  is  pieice<l  by  a  massive  dolerite  dyke 
which  exhibits  dulled  edges  against  the  basalt.  The  dolerite 
and  the  basalt  are  traversed  by  fissures  iiiied  iu  with  agglomerate 
of  their  fi-^i^ments  and  lastly  a  dyke  of  rhyolite  with  double 
pyramids  of  quartz  and  showing  fine  fluxion  structure  along 
Its  edges,  cuts  both  the  basalt  and  the  agglomerate. 

One  of  these  compound  dykes,  stretching  froni  the  head  of 
Loch  Feochan  to  near  the  head,  of  Loch  Scamadale  and  extending 
further  south  with  the  same  trend,  swells  outat  irregidar  intervals 
into  a  succession  of  w'ulv  intornodes  ])art]y  filled  with  fragmental 
and  partly  with  molten  materials,  wbieli  evidently  represent  a 
series  of  volcanic  vents  arranged  along  the  line  of  fissure.  One  of 
these  vents  was  observed  by  Mr.  Symes  and  reported  on 
previously.   (Stm.mai*y  of  ProgreeR  for  189^^,  pp.  163, 154) 

In  several  instances  the  trachytes  and  rhyolites  form  simple 

dykes  which  traverse  the  andosite  lavas  of  Lower  Old  Red  Ago, 
^^d)ich  form  the  "rocks  of  the  country."   In  others  these  acid 

dykes  are  seeTi  to  converiifc  with  basic  ones  and  Unite  to  form 
eonii>ound  dykes  like  those  described  above. 
Mr.Kjrnaston  In  the  south-western  portion  of  Sheet  45  the  Lower  Old  Red 
lavas  are  intersected  by  numerous  Tertiary  dykes,  mostly  with 
the  direction  N.W.  and  S.  E.  The  lari^er  }>roportion  ol  these 
:  belong  to  the  dolerites  and  basalts,  while  along  a  certain  zone  a 
set  of  acid  dykes  have  also  been  mapped.  The  basic  intrusions 
are  x  din^Iy  numerous  and  vary  greatly  in  breadth.  The 
breadth,  too,  ot  an  individual  dyke  often  vanes  considerably,  and 
tli(Mr  course  may  }>e  sometimes  diverted  from  the  normal  along 
older  lines  of  faulting,  Felroloi^aually  the  rocks  vary  from  a 
mediun»-<:frain(  d  dohn-itc  to  olivine  basalt,  or  tachylile  in  thin 
bands.  In  some  places  a  more  fclspathic  type  of  dyke  occurs, 
suggesting  affinities  to  an  intermcdiato  type,  such  as  tnichytc. 
Compound  d  \  kes,  consistmg  of  two  or  throe  varieties  of  intrusion, 
running  side  by  side  in  the  same  fissure,  are  common. 

ITie  acid  dykes  are  well  seen  in  the  Loch  Scamadale  area. 
They  are  mostly  pale  grey  felsites  or  rhvolitos,  occasionally  with 

porphyntic  quartz  and  felspar,  but  often  too  decomposetl  for 
satisfactory  examination  They  exliibit  a  well-marked  flow 
structure,  and  oft^'n  break  iqi,  on  wealherinGf.  like  a  mass  of  slute, 
parallel  to  the  wall  of  the  dyke.     They  frei^uently  split  up  the 
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basic  dykes,  or  form  compound  dykes  along  with  them.  A  well-  Mr.Kinohion 
morkedi  line  of  such  compound  intrusions  runs  along  the  coiu^c  of 
the  Braglenmore  bum,  south-east  of  the  head  of  Loch  Scamadale, 
and  is  continued  to  the  north-west  in  the  direction  of  Kihnore  in 
Glenfeochan.  {Ante  p.  150.)  Along  this  line  a  feature  of  special 
interest  is  the  frequent  occurrence  of  masses  of  ash  nnd  agglo- 
merate, consisting  of  fra'^mcnts  of  basalt,  fclsite,  and  andesite, 
evidently  indicatinj^'  a  line  of  volcanic  vents  of  an  explosive  type. 
The  ashy  material  occurs  in  roughly  oval-shaped  uiaisses,  break- 
ing throuffh  the  andesites,  or  as  bands  bordering  the  acid  dykes. 
Occadonifiy  the  ash  is  seen  to  be  cut  by  the  acid  intrusions. 

KiLMABTIN  DliiTRICT. 

Kilmartin  District. — In  KihnarLin  district,  lying  between  MewM*. 
Loch  Avich  and  Loch  Crinan,  mapped  by  Messrs.  reach,  Wilson  ^yj^ 
and  Muff,  during  the  season,  basic  dykes  of  this  age  with  tkUutL 
generally  N.W.  and  trend  are  extremely  numerous.  In  the 
northern  half  of  the  area  as  many  a.s  thirty  may  be  crossed  in 
a  traverse  of  a  mile  in  aN.E.  and  S.W.  direction.  'Flioy  vary  in 
tliirknoss  from  several  yards  to  a  foot  or  so,  and  in  texture  and 
compositioik  Jrf>ni  coarse -^^raincd  olivine-dolerites  to  fine-grained 
rocks,  which  probably  include  andesites.  Some  of  the  more  basic 
varieties  show  tachylite  margins,  and  some  are  vitreous  through- 
out Many  of  the  more  andesite-liko  dykes  have  glassy  cores, 
with  a  more  or  less  broad  selvage  of  ro(  k  y  texture ;  but  a  few  are 
glassy  thron^dioiit.  That  they  are  not  all  of  ono  nnd  the  same  date 
of  intrusion  is  shown  by  the  tact  that  at  I'orl  an  Dcora,  a  little  to 
the  N.W.  of  Duiilrooii  Old  Castle,  Mr.  Wilson  obser\'ed  a  N.W. 
dyke  which  cuts  through  another  dyke  of  coarse  dolerite  which, 
in  this  part  of  its  course,  trends  nearly  £.  and  W.,  the  later  dyke 
blowing  chOled  edges  against  the  dolerite.  Compound  dykes  also 
occur. 

Mr.  Muff  observed  one  of  the  less  basic  dykes  to  converge  with  a 
dolerite  d>ke  and  run  beside  it  for  some  ciistanco  within  the  one 
fissure  without  crossing  the  latter.  Two  compound  dykes 
were  traced  by  Mr.  Wilson  inward.s  from  near  the  nead  of  Loch 
Craignish,  one  through  Loch  Fearphuirn  and  the  other  through 
Strome,  which  are  beuered  by  him  to  be  the  continuation  of  two 
dykes  mentioned  in  last  year's  Summary  by  Mr.  Symes  as 
crossing  the  Craignish  Peninsula  on  the  other  side  of  the  loch.* 

AUemf  'ny)}  produced  hy  the  Tertiary  Intruffive  nn^l's  in  Sk\>/t:  Mr.  Uaiker. 
— Mr.  Marker  has  supplied  an  account  of  the  dedolomitization 
of  the  Cambrian  dolomites  of  the  Strath  district  of  fc>kye  by  the 
Tertiary  Plutonic  masses.    {A^tte  p.  Kil.) 

Ifr.  Marrow  also  furnishes  an  interesting[  account  of  the  effects  Mr.  Barrow, 
of  the  Tertiarr  dykes  upon  the  clastic  mica  flakes  in  the  Lias 
clays  of  the  Heast  district. 


*  Swnnutfy  qf  Pngree9  for  1900,  p.  187. 
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Mr.  Banw.  The  Lias  shales  of  Skye,  like  those  of  Yorkshire,  contain 
numerous  Uogc  ilukcs  of  mica.  They  are  so  much  cut  up  by 
dolorito  dykes  that  it  interferes  with  the  mapping  of  the  arcji. 
Tlic  ettect  upon  tho  micas  in  the  shales,  close  to  their 
contact,  is  similar  to  that  produced  upon  the  micas  of  the 
Yorkshire  Lias  hy  tho  Cleveland  dyke,  only,  in  the  present 
case,  a  dyke  10  yards  across  destroys  the  micas  for  at  least  6 
inches  from  its  edge,  which  is  more  than  that  produced  by  the 
Cleveland  dyke  where  it  is  60  yards  wide.  This  greater  altera- 
tion may  be  due  to  the  igneous  material  being  nearer  its  source 
of  origin  and  so  having  a  Iii'^Im  t  iTiitinl  tcinporature ;  or  it  may 
be  due  to  tho  fact  that  the  intrusions  were  so  numerous  as  to 
heat  the  lAns  more  than  we  suppose,  and  so  leaving  less  work 
for  each  particiilui  intrusion  to  do.  It  should  bo  recognised  that 
these  shales  may  be  raised  to  a  high  temperature  without  leaving 
any  evidence  that  they  have  been  so.  Mr.  Maynard  Hutchings 
has  proved  by  experiment  that  a  moist  clay,  enclosed  in  a  steel 
cylinder,  may  be  Ivcpt  at  a  dull  red  heat  for  weeks  without  tho 
Slightest  sign  of  alteration  being  produced  on  it  tluit  can  bo 
rccogni.sed,  even  by  the  aid  of  a  microscopo.  The  litliology  of 
the  lowest  beds  of  the  Lias  promises  U)  be  more  than  usually 
interesting ;  and  the  iteration  of  these  beds  by  small  intrusions 
seems  to  be  equaUy  so.  A  large  number  of  specimens  have  con- 
sequently been  collected  to  investigate  these  points  as  soon  as 
time  i>ennits. 

Mr.  Clougb.  Mr.  Clough  observed  that  the  Torridni^ian  arkoses  in  the 
Island  of  Soay  wore  glazed  and  altered  along  the  margin  nf  the 
Tertiary  dykes  and  intrusive  sills  producing  Buchit4>.  Similar 
phenomena  occur  in  Api)lecross  and  Islay  where  Torridouian 
arkoses  are  traversed  by  Tertiary  Ixisic  dykes. 

PUistocenef  indvding  Glaciatian  and  Glacial  dspcmto. 

Island  of  SiMft/. — fn  the  Lsland  of  Soay  there  arc  no 
widespread  drill  deposits,  but  scattered  boulders  of  rocks, 
chiefly  freestune,  granoph yre  and  galdtio,  foreign  to  tho  island, 
arc  conmion.  There  are  also  rare  boiddens  of  mica-schist 
and  hornblendic  gneiss.  Glacial  strie  are  ntunerous,  and  most 
of  them  run  nwirly  E.  and  W.  The  N.E.  comer  of  the 
island,  near  Clachan  Uaine,  has  been  invaded  for  a  little 
distanee  by  a  drift  almost  entirely  comjx)sed  of  blocks,  often 
of  very  large  size,  of  gabbro  and  trortolitc.  These  blocks 
must  have  travelled  fruni  tlie  Cuiliin  Hills  ol  Skye,  and  perhaps 
they  were  carried  to  their  present  position  after  the  ice  from 
the  mainland  of  Invcmcss-shire  had  dwindled  to  such  an  extent 
that  it  no  longer  reached  Skye. 
Nj,  Wilaoii.  Glen  Nfvis-  Tn  Glen  Nevis,  Mr.  Wilson  obtained  evidence  as  to 
the  aujount  of  drift  deposits  which  must  have  been  removed  by 
denudation  since  tbo later  phases  n( \  1^'  glaeiation  of  tliis  region.  A 
series  of  pot-holes  were  observed  on  tiio  sl  eep  glaciated  clitls  that 
bound  the  gome  made  by  the  River  Nevis  at  a  |)oint  a  mile  Ijclow 
Stcall,  and  a  short  distance  beyond  the  pomt  to  which  the  coaches 
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fyin.   The  highest  of  these  is  275  feet  ahove  the  present  level  of  Mr.  Wilaon. 
themer.  Their  mode  of  occurrenoe  is  such  that  they  conld 
have  been  only  produced  by  the  river  when  it  Howed  at  higher 

levels,  find  Mr.  Wilson  is  of  opinion  lliat  n  biirricr  morainic 
dtifvi.'i  must  bavo  formed  ;ui  obstruction  across  the  gor«(c  at  this 
poifit  which  hiis  been  removed  since  glacial  times,  and  that  the 

?[>t-holes  show  successive  stages  on  the  removal  of  the  debris. 
here  is  also  evidence  that  the  upper  part  of  the  glen  was 
occupied  by  a  loch  which  has  been  drained  by  the  removal  of 
this  barrier,  and  which  is  now  represented  in  tbe  wider  valley 
above,  tbo  l)ott<)ni  of  which  is  filled  in  with  alluvial  terraces. 

Zi/f/^H*/v\— Tiie  drift  on  the  I  sland  of  Lismore  is  represented  by  a  Mr.  Moff. 
tough  buulder-c'lay  containinj^  scattered  stones,  many  of  which  must 
have  been  derived  from  tbo  mainland.  Tbe  matrix  of  tbe  cbiy 
at  the  north  end  of  the  island  is  somewhat  reddish,  whilst  toward 
the  south-west  part  of  the  a  r ea  i  t  becomes  quite  black.  The  change 
ap}>ears  to  he  gradual^  and  is  doubtless  due  to  tbo  grinding  up  of 
the  limestone  and  its  incornonition  in  the  clay  during  the  south- 
west movement  of  the  ice.  Tbe  ])creentAge  of  limestom>  Ixtnld*  rs  in 
the clayalso  increasestowanislbesoutb-wost.  AmouLj^sttbelKJulders 
from  the  mainland  the  following  have  been  ideutiticd  by  Mr. 
Peach Quartzite,  porphyrite  (probably  of  Old  Red  Sandstone 
age),  Old  Red  Sandstone  arkose  (from  the  Great  Glen),  many 
varieties  of  granite,  including  some  traversed  by  pegmatite  veins, 
from  the  north  side  of  the  Great  Glen,  and  also  tne  basic  edge  ot 
the  Cruachan  mass,  Moine  schist,  and  an  n!/«,domcrate  like  that 
of  Ben  Nevis.  The  boidder-clay  forms  a  tew  mounds  situated  on 
the  lower  ground  or  banked  against  steep  limestone  scarps. 
Two  winding  kames,  situated  half-a-mile  south-west  of  Port 
Ramsay,  run  across  the  low  ground  in  a  south-east  direction. 

Large  boulders  of  granite  and  quartzite  are  scatti  r<  d  over  the 
hills  at  all  altitudes.  Some  lie  against  a  pedestal  of  limestone, 
which  they  doubtless  formerly  capped. 

The  direction  taken  by  the  strue  is  very  variable,  but  is,  on 
tbe  wboli\  alxmt  parallel  to  the  bmg  axis  of  tbe  island,  and  the 
striic  indioiito  a  sou  lb- westerly  uiovement  of  the  ice.  On  a 
small  island  west  of  Eilean  Ramsay  a  set  of  strife,  running  from 
N.  5*  R,  is  crossed  by  a  later  set  running  from  N.  70*  h.  The 
striie  are  preserved  only  on  the  igneous  rocks,  and  then  almost 
always  between  tide  marks.  Some  idea  of  the  rate  of  tbo  atmos- 
pheric denudation  of  tbo  limestones  may  be  gainetl  from  the  fact 
that  at  low  water  mark  tlio  limestone  is  nearly  Hush  with  tbe 
striiiLed  surface  of  a  dyke,  whilst  at  about  high  water  mark  tbe 
Striated  sur&ce  on  the  dvke  stands  about  one  feot  above  the 
surface  of  the  limestona  This  denudalaon  must  have  taken  place, 
if  not  since  the  epoch  of  the  25-feet  beach,  at  any  rate  since  that 
of  the  50-feet  1>cach. 

Reai'm  snafh  of  01»i.v, — In  the  area  near  Kilnioro,  mapped  Mr.  Feaeh. 
by  Mr.  Pcucli  during  the  season,  the  glacial  piicnumena  are 
abnost  entirely  attributable  to  the  later  glaciation.     The  strife 
show  a  general  ice  movement  across  the  country  from  E.  to  W. 
On  the  nigh  pbiteau  between  Loch  Nell  and  \m  Feochan  Beg, 
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Mr.  Peach,  the  stria)  trend  a  liltlu  to  the  uortli  of  west,  wliilo  those  fouud  in 
the  valldys  have  a  tendons  more  or  leas  to  conform  to  the 
direction  of  the  valleys.  Moraines  made  up  in  great  part  of 
schistose  rocks,  and  granite  firom  the  Cruachan  region  are 

scjittercd  ovor  the  pLitcan  independently  <>f  the  present  valley 
sN'stem  in  such  a  manner  as  to  snow  that  thr  i^laciers  aiter  \mv- 
in*'  the  Hi<'hlands  must  have  cnnlosfod  and  over-ridden  thin 
iMut  of  the  surrounding  lower  ground.  Loch  Nell  seems  to  have 
Deen  the  site  of  a  tonffue  of  this  ioe  during  the  100-feet  beach  time, 
as  moraines  aie  founa  on  the  terrace  of  Uie  100-feet  beach  which 
forms  its  present  dam.  Another  tongue  of  the  ice  nuist  have 
occupied  trie  Feochan  Beg  ns  far  do^vn  as  Omigontaii^rt  dviring, 
or  since  the  100-foet  beach  time,  as  morfiiiH^s  an^  found  in  the 
bottom  of  the  valley  above,  which  atthispuiiil  is  below  the  100- 
fcet  level,  while  further  down  the  river  has  cut  its  t^micos  of 
alluvium  through  the  100-feet  and  50-feet  beaches. 

Tiains  of  boulders  are  common  across  the  area  in  the  .same 
general  direction  as  the  striie.  Thus  north  of  Loch  Nell  there  Is 
a  wide  train  of  lioulder  ol  (/niachan  t^ranite ;  Imt  perhaps  one  of 
the  most  strikini;  trains  of  boulders  is  ?bat  supplied  by  an  ex|K)setl 
])nrti()n  of  a  lar<^'-c  porphyrite  dyke  oci-urHnj?  on  the  hill  top  to 
the  south  of  Glenamacrie,  in  Glen  Lonan,  from  which  a  very 
conspicuous  train  of  boulders  can  be  traced  to  Torran  Tuirc,  near 
the  head  of  Loch  Nell. 
Metirni.  KilmoHin  District  of  ArgylUhire. — ^In  the  narrow  belt  of 

grf>und  map^wd  in  this  ro«,nfm  during  the  scasoti.  stretehin;,'  \rn\\\ 
Loch  Avich  HI  the  nortli  to  the  Cnnan  Sea  lyoch  on  the  soaih, 
the  rock  is  singularly  bare  of  drift.  The  iee-moveincnt  over  the 
area,  as  indiaitetl  by  the  striae  and  the  c^irry  of  blocks,  was 
towards  the  W.S.  W.,  with  local  deviations  according  to  the  shape 
of  the  ground. 

The  sparse  glacial  deposits  are  mostly  of  a  morainic  character, 
but  Mr.  Muff  mapped  some  small  areas  in  the  neiLrhbourhood  of 
Salachary  of  what  may  be  looked  on  as  B^julder  Clay.  With 
perhaps  this  exception,  most  of  the  phenomena  observed  are 
attributAblo  to  the  Later  Glaciation,  when  the  glaciers  froni  the 
higher  Highland  valle3rs  to  the  head  of  Loch  Awe  coalesced  on 
the  low  ground  and  ovi  rrid  the  lower  plateau  of  which  the 
present  is  a  portion.  Moraines  are  common  to  the  south  of  Loch 
Avich,  on  the  water-shed  between  Glen  JJomhainn  and  Loch 
Awe,  where  they  coukl  not  be  laid  down  by  local  glaciers 
nursed  within  the  water-shed.  Boulders,  foreign  to  the  region, 
such  as  granite  and  schist,  hke  those  surroundmg  the  Cruachan 
massif,  are  scattered  over  the  area.  Boulders  of  andesite  and 
porphyrite  like  those  which  traver.se  the  andesite  rocks  north  of 
Locn  Awe  are  abundant  within  the  urcn. 

As  probably  showini;  a  stage  in  the  shrinkinp:  of  this  confluent 
glacier,  a  lake  terrace  200  f(H^t  ab«ive  the  nrcocnt  level  of  the 
loch  is  found  round  the  S.VV.  or  upper  ena  of  Loch  Avich.  of 
such  a  character  and  in  such  a  position  that  it  must  have  been 
formed  when  the  lake  drained  to  the  S.W.  into  Glen  Domhainn, 
the  head  of  the  Barbreck  River.   The  gravels  and  sands  of  this 
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terrace  have  l)een  tracefl  to  the  actual  watcr-sherl  at  alK)nt  mtk*-  ^lessfrs, 
third  of  a  mile  to  the  S.W.  of  Maolachy  on  tin;  road  betwrm  i^^^^Jjjj  j^j^^ 
Kihnelfort  and  Loch  Avich,  where  the  road  traverses  a  small  |^^* 
rocky  j^ur^c  evidently  cut  by  tho  water  flowing  out  of  tho  lake. 
The  fine  salts  and  sands  of  the  terrace  can  also  be  seen  near  the 
roadside  near  the  same  spot   The  present  outlet  of  the  lake 
shows  no  eyidence  of  a  barrier  of  moraine  stuff  or  rock  of  such 
depth  having  licen  removed  since  jrlacial  (imes,  and  the  only 
explanation  of  the  high  terrace,  which  is  in  every  way  compar- 
able to  one  of  the  terraces  of  tlie  "  I'arallel  lioads  of  (Jleii  Roy,** 
is  that  the  barrier  was  due  to  the  lowor  end  of  the  lake  being 
occupied  by  ice  when  the  terrace  was  formed 

Inand  of  Soay. — As  might  be  expect^  from  the  exposed  Mr.  Cl<mgh. 
position  of  the  Island  of  Soay,  the  material  in  the  raised  beaches 
IS  very  coarse.  To  a  large  extent  it  is  composed  of  boulders  two 
or  three  feet  long,  which  have  been  piletl  up  in  storm  banks. 
There  arc  small  (le])osils  of  avel  as  much  as  GO  feet  high,  but 
perhaps  these  were  thrown  up  in  storms  considerably  above  the 
general  sea-leveL 

Limwre. — ^The  north  coast  of  Ltsmore  bears  a  well  marked  Mr.  Mnff. 

terrace  at  an  altitude  of  about  S.'  feet  above  O.D.,  which 
doubtless  corresponds  to  the  50-feet  beach  of  neigUbooring  area& 

Tliough  usually  a  hare  rock  le(l«.(c,  it  is  sometimes  covered  hy 
Yvatcr-worM  gravel,  conttiining  similar  rocks  to  those  found  in  the 
lk>ulder  Clay,  in  addition  to  many  limestone  pebbles.  No  shells 
Imve  been  obUiined  from  this  deposit  Undisttubed  Boidder 
Clay  reaches  down  to  this  beach,  and  no  evidence  of  a  higher 
beach  was  obtained.  The  clifis  bounding  the  50>feet  beach  are 
indented  by  many  small  Gives,  whose  walls  are  covered  hy 
stalactites.  At  Sron-na-hravililic,  in  place  of  the  cliffs  there  is 
found  a  curved  ridge  of  </r.fvcl,  concave  towards  ilie  sea,  and 
fonned  of  false  bedded  ferruginous  sand  and  gravel  of  essentially 
the  same  composition  as  that  found  on  the  50-tect  beach  elsewhere. 
This  ridge  in  cross  section  has  a  long  gentle  dope  seawards,  and 
a  short  steep  slope  on  the  landwivo  side,  wnere  the  surfeco 
drainage  is  obstructed  and  a  peat  moss  has  formed.  Similar 
thow^h  smaller  ridges,  are  found  in  analogous  positions  to  the 
north  and  to  the  south  of  Port  Ramsay.  They  appear  to  he 
storm  beaches  of  the  50-feet  beach  ]»eriod,  behiua  which  shallow 
lagoons  may  have  existed  at  that  epoch. 

A  lower  raised  beach,  which  is  distingui.shed  only  with 
difficulty  from  a  more  modern  storm  beach,  appuirs  to  be  pre- 
served only  near  Port  Ramsay,  where  the  coast  is  sheltered  by 
small  islands.  Peat,  be.siiles  lllling  shallow  depressions  of  tho 
fiouldcr  day  surfticeand  lying  behind  the  old  storm  beachoi 
already  described,  occupies  the  site  of  fonncr  lochs,  at  the  source 
of  Allt  a'Mhuilinn  and  again  just  south  of  the  school  house. 

Lome   District.—^ r-dY    Kilmore  the  100-fcet  raised  beach  Mr.  Peach, 
occupies  a  well-rnurked  terrace  at  the  foot  of  Loch  Nell  and  in 
the  angle  between  the  Feoehan  Mor  and  Fcochan  Beg  rivers. 
The  terrace,  partly  as  a  rock  notch  and  partly  covered  wiui  beaoh 
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Mr.  Peaeb.  iniiLorial.s,  uiii  Im^  traced  liown  the  south-east  side  of  Loch 
Feochan  for  some  distance  froui  its  hc  jul 

Tho  50-feet  beach  is  also  well  dbplaycd  in  the  same  <]GBtrict 
At  Kilmoro  it  is  much  covered  by  a  coatinff  of  peat.  It  can  be 
easily  followed  down  the  south-east  coast  of  Loch  Feochan  close 
to  tho  liij^^li  roiul,  f\nd  the  rock  rnvos  nlonj^  its  mi^r^n  arc  still 
often  tenanted  bv  tinkers  and  traniuii  who  contribute  the  refuse 
of  the  shellfish  tncy  use  as  food  to  toe  kitchen  middens  found  at 
their  mouths. 

Mr.  Wilson,  KHmortin  District. — ^The  50  feet  beach  is  wdl  marked  along 
the  seaboard  fiom  Crinan  Loch  to  the  head  of  Loch  Craignisn 
and  also  to  Island  Macaskan  and  Eilean  High.  It  extenos  up 
the  Kilmartin  Valloy  to  within  a  mile  of  the  village,  and  on  it 
rests  the  extensive  pcat-niof^scs  of  Moinc  Mhor  and  Poltf^lloch. 
This  terrace  is  generally  coiuuosed  of  rolled  stones  and  i^ravd, 
and  a  section  on  tho  River  Acid,  near  Drumoro,  shows  ten  feet 
of  fine  horizontally-bedded  gravel  on  top  of  stiff,  light  grey 
Boulder  Clay. 

On  tho  east  side  of  Loch  Craignish  and  the  two  islands,  the 
100-fcet  beach  is  not  well  marked,  l)ut  in  the  Kilmartin  valley 
on  both  sides  it  forms  a  conspicuous  feature,  and  extends  as  far 
up  as  the  cross  roads  to  Ford  and  (Jban.  A  short  distance  to 
the  west  of  Eurach  a  belt  of  epidiorite  lies  just  beyond  the  upper 
limit  of  this  beach  and  extencb  across  the  valley.  This  band  has 
numerous  pot  holes,  wliich  must  have  boon  formed  during  the 
100-feet  beacli  i)eriod,  and  when  tho  surplus  water  of  Loch  Awe 

Svs.sed  down  the  Knrafh  valley.  At  Slockavidlin  and  near 
alanicanocli,  clay  ])its  have  been  wrnntflit  in  this  bcach  deposit 
and  a  fair  c^uaUty  of  bricks  and  lilus  produced. 
Messrs.  Miiff»  EcoTMnnw  Miniemls. — ^The  largest  area  of  limestone  is  to  be 
wUbmu*'*^  found  in  Lismore.  At  present  it  is  only  burnt  at  Port  Raiusay, 
whence  it  is  taken  away  m  boats,  and  there  is  an  annual  output 
of  about  GOO  tons ;  but  the  supply  is  practiciilly  inexliausti  ble. 
Limestone  has  l)een  more  or  less  locally  wroupfht  and  burnt  all 
over  the  Kiiniaitin  area,  }mt  nt  present  it  is  evidently  cheajKT  to 
import  limo  from  Lismore  and  other  places  than  to  produce  it  on 
the  spot. 

Tho  epidiorite  sills  aiibrd  the  best  building  stone  in  the  Kil- 
martin n^on.   Any  granitic  used  in  this  part  of  the  oountiy  is 

obUiined  nrom  boidders.  The  limestone  and  quartzite  are  used 
considerably  fur  drystone  dyke  building. 

Uoiwl  metal  is  everywhere  Ciisilv  proeurablo  and  of  excellent 
uuality,  owing  to  tlio  innumerable  basalt  and  dolerite  dykes 
tiiat  travene  the  region  The  little  dark  limestone  that  is 
found  in  the  black  vschist,  especially  ^ere  it  has  been  slightly 
altered,  near  one  of  the  basalt  dykes»  also  afibrds  good  road 
metal. 

A  brick  clay  was  formerly  used  at  Slockavullin,  one  mile 
south-east  of  Kdmartin.  Tt  appears  to  have  orij^inated  from  the 
alkiviiuii  uf  the  SlockiivuUin  stream,  where  it  lum  been  dammed 
back  by  a  spit  of  the  lOO-feet  beach.  The  clay  appcan  to  be 
eihausted  or  no  longer  workable. 
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In  this  district  iho  Moinc  Mhor  and  Poltalloch  peat  mosses  Mr.  Wilwm. 
afford  an  almost  iiicxhaust  ihle  supply  of  tiiul.  Some  years  tt<i^o 
Lord  Malcolm  of  PoltiiUot;li  erected  plant  lor  converting  the 
raw  peat  into  peat  coke.  The  machinery  came  from  Sweden  and 
the  experiment  was  highly  suocesaliil,  but  on  aooount  of  the 
small  size  of  the  plant  tlie  hnancial  results  were  not  flatis&ctory. 
This  year  the  machinei^  has  been  removed  to  the  sonth  side  of 
the  Moine  Mlior,  and,  with  additions,  it  is  to  Ik?  employed  on  a 
niiK  h  lar<^er  scale  in  the  production  of  cnke  f  >r  the  iron  suioitiDg 
works  which  are  hcinsf  huilt  near  Island  Add  Ihidj^e. 

More  than  a  liuudrod  years  ai'o  several  small  veins  of  copper 
were  wrought  at  the  top  of  the  hill,  and  close  to  the  old  hill  road 
which  crosses  from  Kilmartin  House  to  old  Poltalloch.  The 
Toins  intersect  the  larco  epidioritc  sill,  and  these  have  heen 
only  opened  up  by  shallow  trenches  and  a  small  water  level, 
about  twenty  yards  long,  with  connecting  shaft  of  similar  length, 
to  the  hill  face  above.  The  ore  obtained  was  chiefly  malachite 
with  a  little  black  oxide  of  copper  and  manganese.  The  leading 
vein  is  about  four  feet  in  broaath  and  the  walls  are  lined  with 
calcite  and  quartz  crystals.  The  yeii^  face  at  the  end  of  the 
water  level  is  cemented  up  with  stalactitio  material  and  quite 
concealed. 

3. — ^East  Highland  District. 

Dr.  J.  Home,  F.RS.,  District-Qeologist  (acting). 

Mr.  G.  Biirrow, 

Mr.  E.  H.  CunniTiL'ham-Craig,}-  Geolqgista 
Mr.  J.  S.  G,  W  Usou,  j 

In  the  Eastern  Highlands,  Mr.  ii;irrow  couLinued  lield-work  in 
the  district  of  the  Tarf  Valley,  in  Atholl  Forest,  in  Sheet  64  one 
inch;  and  Mr.  Cunnin|flifun  Grai^  suireyed  a  tract  lying 
immediately  to  the  north  m  the  Glen  Feshie  Forest  and  in  the 
neighbourhood  of  Newtonmore.  In  the  autumn  Mr.  Barrow 
Completed  the  mapping  of  a  small  unfinished  area  near  Balmoral 
in  SijccL  ti5  one  mch.  In  connection  with  the  publicjition  of 
Sheet  55  one  inch,  Mr.  Barrow  re-examined  the  Garry  section 
north  of  Blair  Atholl ;  Mr.  Wilson  drew  additional  boimdary 
lines  in  Strath  Tummel ;  and  Mr.  Craig  mapped  in  great  detail 
the  area  extending  from  a  line  north  of  Pitiochiy  to  near  Blair 
Atholl. 

Tarf  Disfficf. — Mr.  Ikrrow  reports  that  a  considerable  portion  Mr.  Iterrow. 
of  the  area  drained  by  the  Tarf,  on  the  north  side  of  the  Tilt 
valley,  in  Sheet  64,is  composed  of  typiciil  Moine-gneisses  which,  on 
the  wliole,  closely  resemble  the  gneisses  of  tlie  Bynach  areii, 
described  in  a  previous  report.  The  t^aidency  to  local  variations 
in  the  gneisses  of  the  latter,  has  also  been  observed  in  the  Tarf  area. 
There  are,  however,  some  difierences  between  the  rocks  of  the  two 
areas.  The  colour  banding  so  common  near  the  Bynach  is  not  so 
frequently  met  with  in  the  area  surveyed  during  the  past  season. 
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Mr.  ifamw.  The  tyf^oal  paiaU^  struetwe  is  pceseiit  over  most  of  the  area,  but  it 
is  often  shown  mora  by  the  parallelism  of  the  biotite  than  by  any 
other  feature.  This  local  peculiarity  of  the  gneisses  is  clearly 
connected  with  another  which  characterises  parts  of  this  district 

The  Moinc  gneisses  often  wcjxthcr  like  a  fine-grained  granite — a 
fejiture  which  is  not  confined  to  a  few  small  bands;  indeed  largo 
masses  of  rock  at  a  short  distance  ofi'so  closely  resend)le  granite 
in  appearance  that  tho  rocks  had  to  bo  carefully  examined  to 
make  sure  that  they  were^  not  really  original  igneous  material 
intruded  in  a  sill-Iiko  form  in  the  Mome  gneisses.  It  was  found 
that  in  this  typo  of  rock  a  vast  number  of  small  patches  bad  lost 
all  trace  of  parallel  structure;  indeed  tho  transition  to  the  part 
of  the  rock  showing  the  nonnal  parallel  arrangement  of  the 
biotite  is  so  gradual,  that  a  series  of  specimens  hasljcen  collected 
to  investigate  tho  structure  and  composition  of  this  typo  oi 
material 

While  over  muoh  of  the  diBtrict  the  arrangement  of  micas  and 
the  colour  banding,  when  well  marked,  is  pfuallel  to  the  original 

bedding  of  the  rocks  from  which  these  gneisses  have  been  formed, 
there  is  rather  a  broad  belt  in  which  this  is  not  the  ame.  In  this 
belt  the  gneisses  show  the  typical  thmst -plane  structure  of  the 
Southern  Highland  grits.  The.se  tluust-planes  cut  the  rocks 
intersected  by  them  into  thin  phacoids  in  which  tho  relation  of 
the  main  axis  of  deformation  to  that  of  the  least  is  largely  deter- 
mined by  the  fineness  or  coarseness  of  grain  of  tho  sandstone  or 
grit  before  deformation.  A  grit  is  cut  into  much  shorter  and 
thicker  lenticlcs  tlian  a  fine  green  sandstone  or  greywacke;  and 
from  the  tenuity  of  the  phacoids  in  these  ^loine  gneis.ses  we  at 
once  know  that  they  were  originally  very  fine  grained  rocks, 
containing  a  considerable  amount  of  chloritie  material.  The 
cause  of  this  deformation  has  been  well  established.  It  is  con- 
nected with  the  trend  of  the  dyke-like  intrusions  that  supplies 
the  material  of  the  sills  of  epidiorite  in  the  Southern  Highlands. 

While  the  bulk  of  the  Mome  gneisses  must  have  been  originally 
very  fine  .sandstones,  here  and  there  this  material  wius  replaced 
by  what  was  originally  more  of  the  nature  of  a  shale.  Though 
now  altered  to  an  oligoclase- biotite  gneiss,  there  is  no  doubt  tlmt 
it  was  originally  a  shale,  for  it  still  retains  the  minute  puckering 
which  is  oistinctiye  of  altered  shales  as  opposed  to  sandstones, 
which  never  show  this  feature  except  at  their  junction  with  a 
softer  rock. 

A  special  feature  of  the  Tarf  area  is  the  frccniency  with  which 
the  junction  of  the  gnei.s.scs  with  the  Central  Highland  (piartzito 
can  be  observed,  and  as  a  rule  there  is  a  very  gradual  passii^o 
from  one  rock  to  the  other.  Still  more  im^oruint,  however,  is 
the  clear  evidence  that  the  whole  of  the  Mome  gneisses  in  the 
region  examinwl  by  ^fr.  llnrow  lie  between  the  quartziteon  the 
one  hand  and  the  Little  Limestone  (Treniolite  limestone  of 
Braem  n)  on  the  other.  They  are,  in  fiact,  only  a  small  zone  in 
the  Highland  rocktj. 
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Tho  details  of  the  evidence  in  the  Taif  are.i  are  complicated  Mr.  liarrov. 
by  the  interruptions  due  to  thegimt  intrusions  of  Newer  Granite 
ill  the  (hslrict,  but  tliere  can  he  no  doubt  that  these  gneisses  do 
lie  between  the  two  rocks  named  above. 

This  conclusion  is  further  strengthened  hy  the  evidence  In  the 
Falar  area,  which  may  here  be  dcscribccL 

In  Glen  Mhor,  a  little  below  the  junction  with  Glen  Bhoag,  a 
reniark.'ihlc  £*Toup  of  rocks  is  seen  wliich  have  been  called  "  hone- 
stones,"  as  tliey  were  for  many  year^  used  as  hones,  an<l  peoule 
came  to  this  loudiLy  IVoni  grwvt  di.st^uices  to  get  them.  Snnilar 
rocks  are  known  to  occiu*  at  tliis  horizon  m  iiiany  lociiUtics. 
They  are  clearly  seen  to  Ho  between  the  quartsdto  ana  the  Little 
Limestone  (Tremolite  limestone  of  Braomar}^  The  dominant 
constituent  of  the  group  is  a  thin  banded  finehgrained  brownish 
rock,  cssentiallv  composed  of  a  i^anular  admixture  of  quartz  and 
felspar,  througii  which  a  consitlcrai)le  amount  of  brown  mica  is 
disseminated.  The  niica  occurs  parallel  to  tho  bandiiiL,^  of  tho 
rocks  and  intensities  the  evenly  bedded  aspect  of  these  *  hone- 
stonea"  The  hrown  bands  are  often  separated  hy  thin  partings 
of  more  micaceous  material,  clearly  mud  or  shale  onginally, 
which  was  "  cross-cleaved"  prior  to  crystallisation :  aphonomenon 
identical  with  that  seen  in  the  Silurian  rocks  of  tlio  north  of 
England.  The  occurrence  of  these  "  cross-cleave<l  "  hands,  per- 
sistently parallel  to  the  hrown  bands,  is  clear  proot  of  original 
l>eilding  in  these  crystalline  rocks.  In  addition  to  these  con- 
stituents, there  are  also  a  few  thin  bands  of  ^ink  weathering 
granular  material,  and  more  rarely  a  few  white  layers.  The 
composition  of  tho  latter  is  of  importance;  for  while  there  is 
hardly  any  white  mica  in  tho  brown  l>ands,  there  is  usually  a 
consideraMe  atnount  in  the  pink  and  white  material.  There  is 
still  another  distinctive  fciituro  of  the  group.  Tlie  brown  betis 
arc  divided  up  into  thin  layers  by  extremely  persistent  films  of 
what  was  originally  chlorite,  but  is  now  more  or  less  completely 
altered  to  a  felt "  of  brown  mica.  Thus  it  will  be  seen  that 
these  beils  are  a  sin^ilarly  well-marked  group  in  which  parallel 
handing  is  the  dommant  seaturc,  and  if  we  start  from  the  edge  of 
the  quartzite  wo  see  at  once  that  thev  arc  essentially  a  passage 
material  between  the  quartzite  juif!  the  dark  shales,  on  tiio 
reverse  side  of  the  Little  Limestone.  These  rocks,  when  traced, 
fi'oquently  undergo  local  chaises  in  composition,  becoming  more 
or  less  siuoeouB,  out  each  inmvidual  band  of  the  whole  group 
undergoes  this  change;  no  band  is  cut  out  and  replaced  hy 
material  of  different  composition. 

In  tho  bed  of  the  Tilt,  just  below  Tool  Tarf,  the  "  honcstonc 
pha.se  "  of  these  rocks  is  exceptionally  well  seen  ;  hut  hero  they  arc 
.slij^htly  thicker  us  a  whole,  and  this  sliL^dit  thickening  is  well 
shown  by  tho  cr(js.s-clcaved  Uuids.  At  this  point  they  occur 
exactly  on  the  line  of  rapidly  increasing  alteration,  to  which 
attention  has  been  drawn  in  former  reports  and  which  will  be 
referred  to  again  in  the  sequel  From  this  locality  the  rocks 
become  lapioiy  more  crystalline,  and  tliis  change  can  bo  followed 
on  bare  rock  onwards  to  Pool  Tarf,  and  up  the  gorge  of  the  Tarf, 
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Mr,  Btrrow.  whoro  they  rapidly  pass  into  the  typical  Moine-gneiss  of  the  great 
area  to  the  north.  It  is  fortunate  that  these  heels  can  be  so 
cjuickly  traced  from  the  less  altered  to  the  far  more  highly  crystal- 
Ime  condition  without  the  intervention  of  any  infold  of  other 
material  to  break  the  continuity  of  the  evidence. 

Bipuick  Di*<//  v*r/.  ^Confirmatory  evidence  is  obtained  in  the 
Bynack  area,  \vherc  flic  Moino  pieisses  have  an  almost 
identical  structure  and  com])o.sition  with  that  of  the 
"honostoncs."  The  typical  grey  t^neiss,  by  far  the  most 
important  member  of  the  ^oup,  couUiins  little  and  often 
no  i^ite  mica,  while  the  pink  and  'white  bands  invariably 
do  so,  as  in  the  "honestonos.'*  The  stracture  is  essentially 
granular  in  both  rocks,  but  the  grains  are  much  smaller  in  the 
"honestones."  The  biotito  in  both  rocks  has  essentially'  the  same 
colour,  being  intermediate  between  that  of  Haughtomte  and  the 
rich  red  contact  mica, 

Stmuin  District. — Tlic  widening  of  the  Highland  Railway 
above  Struan  has  exposed  admirable  sections  of  tlie  Moine 
gneisses.  As  usual  they  show  the  puialiel  banding  duo 
to  layers  of  different  composition,  as  well  as  the  parallel 
arrangement  of  the  micaa  The  dominant  constituent  oi 
ijie  group  is  the  grey  well  crystallised  gneiss,  which  is 
associated  with  a  subordinate  amount  of  pink  and  Avhite  gneisf?. 
In  addition  cross-cleaved  micix  gneisses  are  present,  but  tliese  form 
quite  a  small  proportion  of  the  whole.  The  increased  thickness 
of  the  latter  when  compared  with  the  "honestones"  is  even  more 
marked  than  in  the  Tarf  taea,.  The  examituttion  of  the  whole 
series  of  sections  suggests  that  there  is  only  one  moderat  ely  thick 
bed  of  cross-cleaved  mica  gneiss,  for  wherever  visible  it  Is  appar- 
ently always  accompanied  by  the  same  grey,  pink,  and  white 
bands,  though  there  is  often  a  certain  disparity  in  the  relative 
thickness  of  these  three  components.  The  railway  sections  show 
Lbat  though  there  is  a  steady  dip  in  one  direction,  the  same  beds 
are  constantly  repeated.  It  is  here  seen  that  at  short  intervals 
the  rise  of  the  beds,  owing  to  the  persistent  dip,  is  counteracted 
by  a  short,  nearly  vertical,  roll  over.  This  roll  over  can  be  made 
out  in  the  river  sections,  but  its  effect  in  individual  cases  can 
rarely  bo  traced  with  the  clearness  made  possible  by  these  new 
railway  cuttings.  These  rocks  in  Glengarry  have  long  been 
known  as  the  Struan  Flags  from  their  fla^g^  mode  of  weathering 
— a  feature  which  is  largely  due  to  the  ongmal  presence  of  felted 
chlorite  (now  biotite)  films,  as  in  the  "honestones.  These  films  are 
oft/Cn  a  specially  marked  feature  of  the  Struan  or  Garry  gneisses. 
As  usual  there  is  a  considerable  Mrnotuit  of  variation  in  the 
composition  of  these  rocks,  l)Ut,  broadly  speaking,  it  is  much  less 
pronounced  than  in  the  aroii  farther  east.  It  may  be  noted  that 
before  crystallisation,  the  original  beds  in  this  district  underwent 
far  more  mechanical  deformation  than  in  the  Bynack  and  other 
arcjis,  which  has  resulted  in  the  production  of  a  greater  amount 
of  white  mica« 
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The  further  examination  of  the  deep  sections  in  the  Falar  area  Mr.  Banow, 
hy  Mr.  Barrow  has  tlirown  much  light  on  tho  other  members  of 
tiie  succession  which  are  there  associated  with  the  parallel  banded 
series  or  Moine  gneisses. 

With  TQgard  to  the  succession,  whether  ascending  or  descend- 
ing, it  is  as  follows,  when  complete : — 

1.  The  altered  parallel  banded  calcareous  shales. 

2.  The  Main  Limestone. 

3.  The  dark  or  leaden  schist. 

4.  Tlie  Little  Limestone  (loeally  the  Trcmolit  e  hmostonc). 

5.  Tho  parallel  liandcd  series  (honestones,  etc.). 

6.  The  Central  Highland  (piartzita 

(1)  Tho  altered  parallel  banded  calcareous  shales  are  among 
the  most  easily  identified  rocks  in  tho  Highlands,  and  are  nevei- 
absent,  to  my  knowled^^fo,  from  any  valley  l>etweun  two  quart/ate 
muuutiiius  broad  enough  to  show  tho  whole  succession.  They 
occur  at  internals  from  Falar  to  Bnunnar,  and  where  some  of 
these  bands  have  a  suitable  composition  they  always  have 
a  peculiarly  homfelsed  character.  The  thicker  and  more  calcar- 
eous bands  contain  wliito  pyroxene  and  arc  far  more  coarsely 
crystalline—a  feature  which  is  characteristic  of  the  outcrops 
between  Ben  Vuiocli  and  Bracmar.  Nevertheless,  within  certain 
limits,  these  l>ands  vary  mcesiuntly  in  total  chemical  composition. 

(2)  The  Main  Limeettme, — ^This  can  sranerally  be  reco^ked 
by  its  purity  and  persistent  thicknesa  When  specially  siliceous, 
as  in  ulen  Mhor,  eYery  member  of  the  succession  with  which  it 
is  assf  vri  ited  is  more  man  usually  siliceous^  except  of  course  the 
quartzite. 

(3)  The  (lark  or  leaden  schist,  which  covers  such  large  areii**, 
varies  considerably  in  com^sition  in  diHerent  louilitics.  In  its 
normal  dark  phase  this  schist  may  be  divided  into  certain  well- 
defined  zones  that  have  been  traced  over  a  lai^o  area.  A  little 
way  from  the  edge  of  the  Main  Limestone  it  contains  a  largo 
amount  of  kvanite,  in  rei^ons  of  moderately  high  alteration,  but 
this  L,nves  place  to  other  silica  alum i nates,  such  as  sillimanite, 
anduhisitc,  or  cordierite,  in  theareiis  of  liighost  alteration.  Nearer 
the  Little  Limestone  we  have  the  rock  with  felspar  (or  hornfcls  of 
Glen  Callater),  and  the  zone,  with  large  plates  of  twiu-chlorite. 
In  many  cases,  these  schists,  originally  rich  in  chlorite,  contain 
a  peculiarassociation  of  micas ;  the  normal  white  mica  does  notoocur 
in  them.  No  part  of  this  schist,  in  all  this  area,  ever  possesses 
the  dead-black  colour,  aecomi)anied  by  disseminated  grapnite  that 
so  often  characterises  part  ot  the  true  ^aphite  schist. 

(4)  21ie  Little  L  'uncdone. — In  tracing  the  changes  that  occur 
in  this  sedimentary  series,  it  has  been  found  that  this  limestone 
is  altered  to  a  Tremolite-rock  (  lil  v  when  the  schist  next  it  is  dark 
in  colour  and  associated  with  the  twin-chlorite-rock  and  the 
felspar-rock.  In  varying  phase  of  com{)osition  it  orr-nrs  over  a 
very  lari^e  area.  Nortli  of  the  Tilt  it  is  usually  an  iuLcnsely  hard, 
green,  Uinty  rock,  eontjiining  a  very  variable  amountoi'garnet,and  a 
smaller  quantity  of  idocrase.  The  green  colourisduetodisseminated 
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.  <(reeu  pyroxene.  In  the  Tilt  valley  it  is  less  liighly  crystalline, 
but,  being  frew^uently  exposed  ia  the  nver  bed,  we  aie  abte  to  note 
how  very  yariable  in  composition  the  rock  is.  It  is  doubtful  if 
green  pyroxene  occurs  here,  but  i^Mrnet  and  a  little  idocrase  arc 
flometunos  found.  In  the  Glen  Mhor  area  it  is  usually  a  rather 
siliroous  limestone,  with  lenticular  siliceous  ribs,  soiiiovliat 
resembling  those  seen  at  one  locality  in  the  Main  Limostonc. 
In  this  phase  the  Little  Limestone  occurs  in  a  great  number  of 

E laces,  but,  previously,  it  was  regarded  as  the  base  of  the  Main 
imestone,  caught  in  a  fold.  On  this  supposition  the  structure  of 
the  ground  was  difficult  to  understand,  but  the  map  is  at  once 
rendered  intelligible  when  we  know  that  there  are  two  limestones, 
and  not  one.  About  four  miles  south  of  Braemar  this  bed  a^tim 
occurs,  where  it  cont^iitiR  numerous  garnets,  but  no  pyroxene. 
About  the  north  side  oi  t  ho  Dee  it  re-appciirs  as  a  green,  Hiuty 
rock  where  next  the  parallel  biinded  series.  Again,  east  ot  Balmoral, 
the  same  flinty  green  rock,  with  garnet  and  a  little  idocrase,  is 
seen,  but  nearer  Badvo  the  green  portion  is  a  mere  film,  and  the 
main  part  of  the  roc^  is  now  built  up  of  radiating  spherical 
masses  of  Treniolite,  associated  with  some  ciduiteand  a  micaceous 
niincral.  Thrnn':^diout  its  wliole  course  it  sliows  liability  to  change 
in  clieuncal  composition,  like  the  parallel  banded  series. 

(5)  The  parallel  banded  series  hits  already  been  sutheiently 
described,  but  the  zone  shows  better  than  any  other  the  &€t  that 
these  rocks,  while  incessantly  changing,  also  moessantly  revert  to 
the  normal  type.  Thus  the  flaggy  hornfels  of  Glen  Callater  is 
the  flaggy  hornfels  of  Glen  Fenuer,  near  the  mouth  of  Glen  Tilt, 
and  the  hard,  parallel  l>;!ndod  biotite  schist  next  the  Little  Lime- 
stone in  Glen^lhor  was  obviously  the  same  material,  originally, 
as  the  hard,  Uinded  biotite  schist  to  the  east  of  Balmoral. 

(0)  The  Centnd  Highland  Quartzife. —This  zone  furnishes 
remarkable  evidence  bearing  on  the  ori<anal  thickness  of  the 
Highland  series.  The  succession  is  as  folfows : — ' 

(a)  The  fine  white  edge  of  the  quartzite. 

(b)  The  quartzite  banded  by  fine  lines  of  heavy  minerala 
{€)  The  porous  quartzite. 

The  porous  quartzite,  which  is  between  six  and  eight  feet  from 

ibe  fine  white  edge  of  the  mass,  is  very  easily  recognised  from 
the  holes  left  in  it  owing  to  the  decomposition  of  nither  large  and 
scattered  felspar  pebbles.  (The  remnants  of  these  in  the  holes 
were  clearly  seen  both  by  iMr.  Home  and  myself)  Now  this  ' 
band,  according  to  Mr.  iianow's  observations,  runs  through 
almost  every  great  quartzite  mountain,  and  the  evidence  suggests 
that  these  tnree  zones  together  form  the  jfreater  part  of  the  original 
mass.  Ben  y  Ghloe  is  formed  of  miai  t/ite,  folded  on  itself  to  the 
exclusion  of  every  otlu  r  rock.  The  fold.s  in  this  mountain  arc 
2,400  feet  deep  at  least,  and  (hero  is  not  a  bend  or  buckle  in  the 
folds,  while  the  bedding  planes  and  liml)s  of  the  fold.s  have  a 
persistent  dip  ot  (>()^'  iur  neiirly  two  milas.  The  porous  quartzite 
occurs  repeatedly  in  this  mounUiin,  as  it  docs  again  in  another 
huge  mass  of  quartzite  seen  in  Cairn  High,  farther  east^  As 
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already  st^torl.  its  mode  of  occurrence  is  sucli  tis  to  suggest  thcat  Mi>  Jterrow. 
thoro  IS  probably  not  much  more  than  the  three  bands,  a,  b,  aud 
c,  present,  and  we  are  led  to  the  conclusion  that  these  enormous 
masses  of  quartzite  are  built  up  by  the  isoclinal  folding  of  a  bed 
tliat  may  be  not  more  than  twenty  or  thirty  fiset  thick  originally. 

At  intervals,  across  the  whole  area  known  to  Mr.  Barrow,  parts 
of  the  series  are  mis.si!vj-.  This  m  clearly  shown  v:\wn  the  Main 
Limestone  is  in  contuct  with  the  quartzite  1  ln^  plienomouon 
suggests  that  we  arc  dealing  either  with  iioii-dcpusition,  due  to 
current  action,  or  with  local  erosion,  equally  duo  to  current 
aetion.  The  nrobability  is  that  in  such  a  series  we  are  dealing 
with  both,  and  the  mocle  of  oci  iirrence  of  the  **  Boulder-bed  is 
strongly  suggestive  of  local  erosion. 

The  further  result  of  the  work  in  this  district  shows  that  a  line 
or  belt  of  rapidly  increasing  alteration  e^iii  l)e  traced  from  the 
upper  part  of  the  Dec  to  a  point  a  little  north  of  Blair  Athol.  This 
belt  passes  through  the  great  mass  of  basic  diorite  in  Glen  Tilt, 
without  being  the  least  affected  by  that  intrusion;  and  the  line 
can  again  be  shown  to  be  independent  of  Newer  Granite  intrusions, 
as  proved  in  the  Bynac^k  area,  where  the  Newer  Granite  is 
comparatively  rare.  From  liraemar  a  similar  line  roiip^ldy 
eorresponding  with  the  Dee  can  he  traced  for  about  four  nides 
down  the  river.  It  has  been  shown  by  the  rock  sections  that  the 
increase  in  ciystallisation  to  the  N.  of  this  line  becomes  less  and 
less  marked,  till  in  the  area  east  of  Balmoral  it  is  very  slight  and 
extremely  gradual.  This  progressive  metamorphism  is  intimately 
connected  with  the  prohlem  of  the  widespread  homfels  type  of 
alteration  which  will  now  he  described. 

The  evidence  on  this  interesting  question  nowp«>i]its  cle^irly  to 
a  dehiiite  cause  for  this  alteration.  This  type  hius  l>een  found  in 
the  Falar  and  other  areas,  where  the  metamorphism  cannot  be 
attributed  to  Newer  Granite  alteration.  It  occurs  repeatedly 
l>etweon  Ben  Vuroch  and  Braemar ;  and  is  mainly  confined,  when 
well  shown,  to  two  beds.  The  first  of  these  is  tlie  hand(Ml 
calcareous  shale  next  the  Main  Limestone.  In  this,  as  already 
stated,  the  hands  are  almost  glassy  at  times,  and  the  constituent 
graiub  arc  there  very  small. 

The  other  bed  is  the  FUnty-biotite  schist*  next  the  little 
linu'stone,  which  occurs  repeatedly  and  has  in  no  case  been 
produced  by  Newer  Granite  alteration.  The  feature  of  this  rock, 
too,  is  its  fine  grain.  Tt  clearly  consisted  originally  of  an  admix- 
ture of  fine  quartz,  some  felspar,  and  a  considerable  amount  of 
chlorite.  The  fine  chlorite  acts  at  a  specially  low  temperat menn 
the  quartz,  and  the  rock  becomes  mdurated  and,  vmless  the 
material  be  afterwards  crushed,  retains  this  induration,  accom- 
panied  by  a  finely  crystalline  condition.  At  times  another  rock 
shows  this  homfels  type  of  alteration;  but  in  this  case  it  is  not  so 
finely  crystalline.  This  is  the  felsi>ar-hornfcls  of  the  Glen  Callater 
type,  whieh  occurs  twice  in  tlie  Falar  area.  A  section  shows  tlmt 
tnis  is  even  a  better  example  of  homfels  alteration  than  the  Glen 
Callater  rock.  It  is  at  least  fifteen  miles  from  the  Loehna^r 
granite  and  a  great  distance  from  any  Newer  Granite  intrusion, 
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Mr.  Barrow,  while  the  Glen  Callat43r  rock  is  actually  inside  the  I/Oclina<^'ar 
granite.  It  Is  thus  perfectly  clear  that  the  hornfcls  structure  of 
this  rock  has  nothing  to  do  with  the  Newer  Granite  mass  of 
Iiochnagar,  and  that  this  gneous  mass  has  produced  practically  no 
effect  on  Hi^iland  rocks,  the  crystallisation  of  whicn  is 
obviou^y  pre-grnnitic. 

Turning  now  to  the  area  oast  of  Balmoral  there  is  no  sic^n  of 
increasing  alteration  in  the  liii^hland  rocks  as  we  ap})ro;i(  ])  tho 
eastern  margin  of  tho  Loclinaj^ar  complex.  The  hues  of  very 
slow  increasing  altorutiou  trend  oast  and  west  at  right  angles  to 
that  margin.  With  material  of  similar  composition,  it  is  found 
that  these  rocks  possess  a  common  feature  and  one  that 
distinguishes  them  from  all  others  in  the  Highlands.  The  t  rue 
homfels  rocks,  when  in  an  area  of  high  or  moderately  high 
alterfHion,  are  distinguisliod  by  the  orcurrence  of  a  groat  number 
of  minute  Hecks  of  biot  ite  distril>uted  throTigh  tho  rock  (This 
mineral  usually  posseses  a  rich  lirown  colour.)  Tlie  evidence 
already  obtained  makes  it  practicallv  certain  that  this  flecking  is 
due  to  the  (early)  action  of  the  chlorite  on  the  quartz  which 
produced  an  induration  that  made  it  difficult  for  material  to 
migrate.  This  dissemination  of  flecks  of  biotite  never  occurs  in 
a  thoroughly  schistose  or  gneissose  rock 

Newer  Igneov  f!  M'l^i^cs. — A  considerable  mass  of  Newer  Granite 
has  been  mapped  on  the  north-west  side  of  the  Tilt  Valley.  Part 
of  this  area  was  formerly  surveyed  by  Mr.  Dakyns,  and  specimens 
were  collected  which  have  been  described  by  Mr.  TealL  Briefly, 
the  complex  consists  of  variations  of  diorite,  the  jp*eater  part  of 
which  is  distinctly  basic,  und  modifications  of  gramte,the  bulk  of 
which  is  markedly  aci(l  and  eontains  much  free  quartz.  But 
there  are  some  ])lienomena  of  extreme  interest  associated  with 
these  intrusions.  Thoy  are  connected  with  the  foliation  of  eertJiin 
smaii  inLrusions,  the  occurrence  of  dyke  aretis  and  dyke-freo 
areas,  and  also  with  what  may  be  conveniently  called  the roof* 
of  the  complex.    The  phenomena  associated  with  the  latter  are 
specially  interesting  in  view  of  the  idea  they  suggest  as  to  the 
mode  of  intrusion  of  tho  granite.     The  composition  of  the 
material  aronnd  and  above  the  intrusion  (Qnart/ite  and  Moine 
gneis.ses)  is  prohibitive  of  the  view  of  the  fornmi  ion  of  the  granite 
approximately  In  sltiL,hy  absorption  of  the  surrounding  material, 
while  the  mapping  of  the  *'roof  "  shows  that  the  idea  of  upheaval 
of  the  overlym^  rocks  is  equally  unlikely.   The  mode  oi  occur- 
rence of  the  acid  material  suggests  a  ncAv,  and  possibly  in  many 
coses  a  far  more  reasonable,  explanation  of  tho  mode  of  intrusion 
of  these  LTanitc  mas.se.s.    It  is  seen  that  acid  material  is  injected 
between  tlie  roof  or  enclosing  wall  of  the  older  diorite  and  the 
dioritc  itself.  The  mode  of  occurrence  of  these  injections  suggests 
that  the  acid  granite  did  not  lift  the  roof  up,  but  pushed  the  older 
more  basic  igneous  material  down  in  many  cases.   It  seems  as  if 
the  ^ipaeous  material  had  forced  its  way  up  one  or  more  ducts  till 
a  point  was  reached  where  it  could  no  longer  remain  fluid  or 
plastic  enough  to  flow.    It  then  spread  out  in  the  form  of  sheet, 
working  downwards  to  a  warmer  and  not  upwards  into  a  colder 
©nvironmont. 
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Hie  portion  of  tho  groat  drainage  area  of  the  Taj  that  lies  Banow. 
above  Pitlochry  varies  greatly  in  character.   One  feature  is 

common  to  all  the  minor  vaflcys  that  together  compose  tho 
area.  They  are  locally  covered  with  |K*n!  and  drift,  the  latter 
1h  !n<r  a  softish  clay  or  qravcl.  In  consequence  they  all  bring 
down  a  certain  amount  of  highly  micaceous  line  mu(l  and  peat 
held  in  mechanical  suspension. 

To  the  N.£.  of  Pitloeluy  there  are  thick  maaaea  of  lime- 
stone; these  cause  a  considerable  amount  of  lime  in  solution  to 
enter  the  main  drainage  valley.  A  similar  limestone  area  occurs 
on  one  side  of  the  Tilt  above  Blair  Athol;  this  again  imparts 
rnueli  linio  in  solution  to  tho  water  of  the  Tilt. 

On  the  N.W.  side  of  the  Tilt,  particularly  in  tho  Tarf 
Valley,  are  oonsiderable  masses  of  granite  and  jpanite  drift.  The 
latter  contains  a  large  proportion  of  decomposmg  felspar,  which 
gives  out  a  large  quantity  of  soluble  silica  when  rain  percolates 
Oirough  this  granite  drift.*  In  flood  times  the  water  in  the 
Tarf  is  almost  black  witli  peat. 

The  upper  part  of  the  (larry  supplies  a  fair  amount  of  silica, 
the  rocks  over  winch  tixe  rainfall  passes  being  mainly  felspailiic 
gneisses.  There  is  little  time  in  tnis  area. 

The  Tummel  drains  a  large  area  of  granite  and  quartzose 
gneisses,  much  of  the  ground  being  covered  with  peat.  It 
pjisses  through  two  large  lakes,  Loch  Ranimcli  and  Lf?c]i 
Tummel,.  and,  except  in  specially  heavy  floods,  thcTunnnel  water 
is  greatly  filtered  and  cleared  ot  impurity  in  its  passage  through 
these  lakes. 

Glen  Fetifiie  DUtrict, — In  the  area  surveyed  hy  Mr.  Craig  ui  Mr.  Cr^ig. 
the  Glen  Feshie  district,  the  rock  consists  of  Moine  schists  of 
the  siliceous  type,  with  many  small  intrusions,  chiefly  granitic. 

Two  typc*s  of  the  schists  can  be  distinguished,  but  it  Is  not 
possible  to  separate  them  on  the  iield  maps.  The  tirat -consists 
of  flag«jy  miartz-biotitc-pfncisscs  or  .schists,  highly  granulitic,  and 
occasionally  witii  iairly  thick  massive  beds:  these  rocks  contain 
very  little  muscovite,  and  that  chiefly  along  nlanes  where  differ- 
ential movement  was  greatest  The  second  tv'pe  is  much  more 
highly  felspathic  and  does  not  weather  into  nags,  nuiseovito  is 
more  abundant,  tboui,di  biolite  is  still  always  ]in'sf  iit  On  a 
cross  fmcturc  tlie  beds  often  appear  almost  granitic  in  character. 

Nctver  Igneous  —Intruded  into  these  schists,  small 

diorites  and  lampropliyre  dykes  and  sills  ai*e  seen ;  they  arc  of 
the  usual  type  of  tne  newer  diorites  and  lamprophyres  of  the 
Braemar  district. 

Granitic  intrusions  are  frequent,  as  mi^^bt  be  expected,  in  an 
area  lying  between  the  Cairni^onn  granite  on  the  N.E.,  and 
the  Beinn  Dearg  granite  on  the  south.   An  extension  of  the 


*  A  singularly  ^lerfert  illustration  of  the  fpiantity  of  soluble  silica 
waahed  out  of  granite  drift  is  afforded  by  the  muss  of  diatomite  on  Duniet 
Moor,  Aberdeen.  The  supply  of  .silica  for  tliis  nuiterial  is  derived  exclu- 
sively from  the  great  mounds  <>f  ^r-^nitc  drift,  the  rain  faUing  on  the 
mounds  percolating  them  and  ij^uing  charged  with  silica. 
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Mz.  Crtig.    Beiim  Dearg  (Perthshire)  mass  crosses  the  county  boundaiy,  and 

about  two  square  miles  of  granite  liuvc  l>een  mapped  on  the 
Inverness  si  lire  si(l6,  where  it  ibrnis  Meall  Tionnnil.  This  Meall 
Tioniiail  i^naiiite  ivstvinbles  very  closely  the  Cairngorm  irranit*!, 
espcciallv  that  tyi>u  seen  on  Beimi  JUirotiiui,  i.e.,  very  acid,  with 
very  Httlo  biotite,  and  fairly  coarse  in  ^rain.  Indeed  at  one  part 
of  tne  margin  the  Meall  Tionnail  granite  is  practicallv  a  binary 
granite,  very  coarse,  and  with  a  few  large  scattered  flakes  of 
biotite.  It  IS  coarse  right  up  to  the  margin.  This  mass  is  also 
<-1v»r  i'  lerised  hy  the  absence  of  the  much  more  acid  intrusions 
wliich  are  so  cuinmon  iti  many  parts  of  the  Cairngorm  mass,  and 
by  the  fact  that  it  does  not  seem  to  be  aiiected  by  fault  move- 
ments. From  these  data  it  appears  probable  Umt  the  Mei^ 
Tionnail  granite  represents  one  of  the  latest  phases  of  the  Cairn- 
gorm granite  intrusions. 

Apart  from  the  large  miiss  of  granite  forming  Meall  Tionnail, 
there  are  no  acid  intrusions  of  any  ori'eat  extent :  though  veins  arc 
very  numerous,  ihcy  never  attain  large  diiiiensions.  These  veins 
vary  in  character  considerably,  aplites,  hue  and  coarse  granites, 
ana  pegmatites  are  frequent  all  OTer  the  area  except  in  tne  N.W. 
part,  where  one  passes  gradually  from  an  area  characterised  by 
the  intrusion  of  plutonic  rock  of  the  Newer  Granite  to  an  area  in 
which  the  intrusions  have  been  cooled  more  quickly,  and  appear 
as  (jnartz- porphyries  and  felstones  with  chilled  edges.  One  well- 
marked  sill  has  l)een  mapped, its  eastern  extremity  being  granite, 
and  its  extension  to  the  N.  and  W.  being  quartz-porphyry.  In 
the  intermediate  area  specimens  ranging  between  granite  and 
quartz-porphyry  can  be  obtained;  a  pi  tienomenon  observed  n^ir 
firaeinar,  where  the  Auchindryne  granite  passes  westward  into 
quartz-porphyry. 

The  granite  veins  t'remiently  exhibit  coarse  central  zones  of 
pegmatitic  material,  ana  sometimes  have  coarse  ]>e<Tmatite 
margins  also,  thus  resembling  tlie  later  vein  intrusions  in  the 
gramte  mass  of  the  Cairngorms. 

A  small  part  of  the  margin  of  the  Cairngorm  granite,  east  of 
the  river  Lidart  was  examineil.  It  presente^l  no  remarkable 
characteristics,  hut  the  nietanior})]uc  rocks  witln'n  half  a  mile  of  the 
juiK  tiou  are  pierced  by  a  g'cat  number  of  granite  veins,  coarse 
red  pegmatites  and  pale  apliles,  all  of  which  are  of  the  Newer 
Granite  type.  There  arc  no  foliated  muscovitc  pegmatites  of  the 
Chest  of  Dee  type  in  this  locality. 

Newtonmore  VistrioL — In  the  area  surveyed  from  Newtonmore, 
the  rocks  encountered  are  the  stime  t}'pes  of  Moine  schists,  with 
minute  infolds  of  mnscovite-biotite  schist  in  the  western  part  of 
the  area.  Tln.>  development  of  pegmatite  veins  in  this  area 
presents  some  points  of  interest.  The.se  veins  vary  in  breadth, 
nom  an  inch  or  two  up  to  six  feet  or  more.  They  are  usually 
along  the  bedding  planes,  out  sometimes  cross  them  at  h%h  angles. 
No  single  vein  can  be  traced  far.  In  composition  thej  are  usually 
coarse  muscovite  pegmatites  never  showing  any  signs  of  being 
more  quickly  cooled  at  the  margins;  the  crystallisation  is  uniform 
throughout.  These  veins  never  show  signs  of  having  been  aftected 
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by  dynamic  metamorphism,  and  no  contact  metamorpbtsm  has  llr.  Ck*ig. 
taken  place  at  their  mar^ns.  but  the  coUntiy  rock  appears  to 
have  crystallised  simultaneously  with  the  pegmatite^  the  ciystals 

interlocking'  in  the  most  intiniutc  manner. 

When  these  pepnftt«ites  are  intruded  through  rocks  rich  in 
biotite.  the  peginatittsi  contiiin  a  considerable  quantity  of  biotito 
also,  even  to  the  exdusiou  of  muscovite  in  thin  veins,  but  the 
usual  type  in  a  quartso^felspathic  country  rock,  not  containing 
much  hiotite,  is  a  muacovite  pegmatite  witnout  biotite. 

From  these  facts  it  appears  probable  that  segregation  has  taken 
some  part  in  the  formation  of  these  veins,  and  that  thev  arc  con- 
temporaneous with  tlie  regional  metamorphism  of  the  district. 

In  the  area  .surseved  in  Glen  Fcsliie,  there  is  very  liiile  soil 
derived  from  the  disintegration  of  rock  ni  situ,.    The  higher  • 
parts  of  the  hills  are  covered  with  a  stony  nibble  of  the  Biu>ine 
schists,  while  the  area  occupied  by  the  Meall  Tionnail  granite 
presents  a  sur&ce  of  weathered  granite  blocks  and  sand. 

The  lower  parts  of  the  glen  are  entirely  covered  with  sandr 
morainic  d4hr}ft.  The  greater  part  of  the  area  is  covered  witn 
peat  which  occasionally  attains  a  depth  of  t^n  feet. 

No  part  of  the  ground  is  cultivated,  there  are  no  quarries,  and 
no  population,  as  there  aro  no  inhabited  houses  in  the  area. 

The  water  supply  is  abundant,  but  liable  to  be  somewhat 
pcaU'  during  floods. 

Tne  area  is  part  of  the  Glen  Feshie  deer  forest,  and  the  high 
ground  and  alluvial  slretclics  wVnv^  the  river  Feshie  fMrnish  (Tic 
rougli  ])asture  most  favourable  to  deer.  A  con8i(lerai»lo  nundx;r 
of  ^^rouse  bre€'d  on  the  lower  ground,  but  are  not  shot  in  this 
piirL  of  the  forest. 

To  the  area  surveyed  from  Newtonmore  the  same  remarks 
apply,  but  there  are  one  or  two  houses  with  small  patches  of 
cultivated  ground  on  the  alluvial  soil  and  fluvio-glacial  graveb 
along  the  river  Tniim.  , 

The  land  at^nrfls  •rr.izincr  for  a  few  sheep,  but  its  chief  value 
is  as  a  grouse  niour,  the  low  lying  heather-covered  areas  ail'ordiug 
excellent  cover  and  feeding  for  tiie  I'irds. 

Ahei'JeUhj  District — ^The  mapping  of  the  Green  Bed  outcrops 
south  of  the  Tay,  in  Sheet  55,  has  been  completed  by  Mr.  Cratg, 
and  has,  as  usual,  throvntt  considerable  light  upon  the  structure 
in  this  district.  The  presence  of  .several  imjx^rtiuit  faults  not 
previously  reco^Tiiscd  has  been  dettionstrated,  and  additional 
evidence  has  been  obtained  re'i^arding  tin  Hat-lying  typ<:'  ol  toldini,'. 

The  pro<^ressive  metamorphism  northward,  to  whicli  aUenlion 
WAH  called  m  last  year's  report,  can  now  be  considered  in  greater 
detail,  microscopic  examination  of  a  series  of  specimens  chiefly 
from  the  Green  liods  having  been  made.  A  series  of  sjwcimens 
taken,  roughly  speaking,  from  south  to  north,  exhibits  the  in- 
crease in  metamor]>h!sni  strikingly.  Pebbles  are  very  conspicuous 
in  the  more  southerly  outcrops,  while  garnets  are  aksent,  the 
rocks  consistintj  of  biotitc-hornblende  schists  with  pel)l)lcs  of 
quartz  more  or  less  numerous,  and  a  certain  amount  oi  t^iuuulitic 
quartz  and  felspar  in  the  matrix.  The  quartz  pebbles,  as  pointed 
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Mr.  Cr»ig^.     out  liy  Vr.  Yhii,  consist  of  li»nticlcs  more  or  less  granulitized 
aiid  hhowinii  all  slaLTLs  in  thu  breaking  down  itito  a  granular 
niosiiic.    The  l"elii|)Hr  Dr.  Flett  finds  to  be  sccundiiry,  and  from 
its  low  refractive  index,  as  ascertained  by  Bccke's  method,  must 
be  either  albite  or  orthoclase. 

In  spccinicns  from  outcrops  farther  to  the  north,  and  especially 
in  beds  of  originallv  finer  material,  on  which  the  dynamo-meta- 
morphisni  has  taken  greater  effect,  a  further  stage  in  the 
tliennunielauiorphism  is  seen.  Tlie  hornblende  still  appears  in 
feathery  ill-defined  prisms,  but  attacking  the  quartz  jMjbbles 
and  the  jgi-anulitic  quartz  of  the  matrix.  Garnets,  small  and 
idiomorpmo,  are  ooiiimon,  while  epidote  and  iron  ores  are  also 
present. 

•  A  gap  of  from  one  and  a  lialf  to  two  miles  separates  the  out- 
crop of  tlu'  OrccTi  1?(h1s  .south  of  tlio  Tay  from  tnat  north  of  the 
Tay.  Two  specimens  from  the  outcrop  north  of  the  Tay  have 
been  microscopically  examined.  These  show  such  an  advanced 
stage  of  metamorphism,  that  they  can  hardly  be  distinguished 
in  a  microscopic  slide  fix»m  the  fine  edges  of  epidiorite  sills. 
Ko  traces  of  clastic  structures  are  present,  and  the  *  rocks  consist 
chiefly  of  hornblende  with  a  few  garnets,  some  quartz  and  fdspar, 
sometimes  biotite,  and  accessories  such  as  rutile  and  apatite. 

It  is  noticeable  that  the  <(arnets  usually  act  as  "  eyas"  in  tbo 
epidiorite  sills,  the  hornblende  of  the  matrix  curving  round 
tnem.  and  often  leaving  triangular  patches  of  quartz  or  felspar 
at  either  end.  In  the  Green  Beds,  the  garnets  do  not  seem  to 
have  acted  in  this  manner  as  a  rule,  the  hornblende  ciystals 
abutting  against  or  enclosing  them.  The  foliation  of  these  green 
l>eds  also  seems  to  be  rather  more  regukr  than  that  of  the  edges 
of  epidiorite  sills. 

In  hand  specimens  several  methods  of  distinction  are  possible : 
the  epidiorites  have  the  rusty  weathered  crust  chaiacteristic  of 
igneous  rocks ;  the  fracture  also  resembles  that  of  an  wneous 
rock,  and  the  lustre  on  a  fresh  cross  fracture  is  greater  than  in 
the  eas(^  of  iIk;  Grt^en  Beds.  Tn  those  specimens  of  Green  Beds 
which  most  closely  resemble  the  epidiorite  sills,  the  friicture  is 
more  earthy,  and  the  weathering  and  jointing  are  those  of  a 
schist  of  sedimentary  origin ;  the  lustre  upon  a  fresh  cross 
fracture  is  not  so  great,  and  the  colour  of  the  hornblende  on  a 
cross  fnicturo  is  lighter,  being  more  distinctly  green  as  compared 
with  the  almost  black  colour  of  the  hornblende  in  the  epidiorites. 
These  eharaf'teristics  are,  as  a  rule,  .sufficient  to  distinj^iish  the 
edges  of  c]>idiorito  sills  from  mucli  altered  homblendic  Green 
Beds,  where  field  evidence  is  not  available. 

Specimens  from  other  horizons  have  been  selected  tuid  ex- 
amined microscopically  for  the  purpose  of  elucidating  the 
progrcs.sivo  me(aiiiorpliisn>,  but  .space  does  not  permit  of  any 
description  of  them  IhAwj;  given  here. 

District  hftwrrn  I'ldochvff  and  Bhiir  Atholl. — Mr.  Craig  thus 
,  sununarisos  the  results  of  his  revision  and  re-survey  of  about 

hfteeen  square  miles  of  the  ground  between  Pitlochry  and  Blair 
Atholl  in  October,  November,  and  part  of  December.    It  was 
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anticipated  that  important  evidence  rej;aidinff  the  succession  of  bii,  Cnig. 
strata  would  bo  obtained  in  thin  distnct,  ana  spedal  attention 
^vas  acconlingly  given  to  evidence  bearing  in  any  way  upon 

that  question. 

The  area  revised  comprises  tlie  rocks  from  a  horizon  not  far  to 
the  north  of  the  Loch  Tay  limL'stoue  oiiterop,  a  sill  of  epidiorite 
marking  the  boundary,  and  so  north-westward,  northward,  and 
north-eastward  to  the  first  main  outcrop  of  Bhur  Atholl  lime- 
stona  Qeofi^phically,  the  various  members  of  the  series  are 
arran!/(Hl  as  follows,  the  section  in  the  Tummel  and  Garry  Rivers 
being  taken  as  typical : — 

(6)  Bbur  AthoU  UmeBtone^ 
(4)  Black  Schist 
(3)  Qnartzite. 

(2)  So-called  Graphite  Schist 
(1)  So-caUed  Gale  Seridte  Sehiat 

(1)  The  zone  to  which  the  name  of  calc-scricite  schist  has  fro- 
quently  been  given,  consists  of  felte<l  mica  sfhists  and  phyllites, 
often  with  uiiartz  veinlcts,  but  becoming  more  calcareous  neiu* 
the  top,  wnere  thin  limestones  are  observed,  and  calcareous 
seridtic  beds,  which  have  frequently  developed  bladed  crystals  of 
actinohtc.  These  schists  and  limestone  beoiB  will  be  described  in 
the  explanation  of  Sheet  55  as  the  Beinn  Lawers  schists.  A  very 
easily  recognispfl  thin  brownish  limestone  or  dolomite  forms  the 
top  of  this  group. 

(2)  This  group  consists  of  a  dark  leaden-coloured  schist,  to 
which  the  name  Graphite  Schist  has  frequently  been  dven, 
because  some  of  the  upper  beds  are  occasionaUy  markedly 
graphitic.  A  thin  black  unpure  Hmestone  has  been  mapped 
near  the  top  of  this  group. 

(3)  The  Qnartzito  hixs  been  s])okcn  of  n.s  the  Biinrtshire, 
Schichallion  or  Central  Highland  Quartzito.  The  margin  is  tine, 
but  a  pebbly  band  is  frecjuently  seen  a  few  feet  within  the  mass. 
(4)  North  of  the  quaxtztto  comes  an  outcrop  of  dark  leaden- 
coloured  schist  which  is  associated  with  a  mass  of  (5^  Blair 
AthoU  hmestone.  Repetitions  of  the  quartzite,  dark  leaden- 
coloured  schist  and  limestone  occiipv  the  surface  in  tlic  area  to 
the  northward.  Details,  most  of  which  have  come  to  li<;ht  in 
the  re-survey,  are  omitted  in  ilic  above.  A.ssoeiated  with  lime- 
stone, a  greater  or  less  thickness  of  variable  schists  are  sonte- 
times  observed,  and  FhyUitic  schists,  homotaxial  with  the  black 
schist*  appear  in  the  northern  part  of  the  area. 

That  the  series  is  an  upward  succession  from  the  Loch  Tay 
limestone  to  the  most  southerly  outcrop  of  quartzite  has  been 
recognised  for  luauy  years. 

Tne  evitlenee  regarding  the  succession  obtained  during  the 
re-survey  can  be  considered  conveniently  under  three  heiids: 
(n)  Structural  evidence,  which  can  be  considered  irreroective  of 
folding,  dip,  or  pitch ;  (h  )  Petrological  evidence ;  (c)  Evidence  from 
observation  of  pitch,  and  discordant  junction  of  difierent  members 
of  the  series. 
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Mr.  Craig.  ('0  Tlio  first  point  of  importance  is  the  identiBcation  of  the 
diirk  scliist  south  of  the  mam  qnartzite  outcrop,  with  that  north 
of  the  outcrop,  /.f.  (2)  is  the  Siuno  as  (4).  On  Moall  Uauie,  tlio 
so-CJilli'd  Graphite  schist  can  he  traced  round  the  folds  of  tlie 
base  of  the  uuartzitc  into  the  bliick  schist  to  the  northward, 
associated  with  the  Blair  Atholl  Limestone.  There  is  no  drift 
obscuring  the  ground,  and  tho  section  is  remarkably  clear.  The 
basal  edge  of  the  quart zite  is  seen  folded  with  the  under-hang 
schist,  and  usuallv  nuK-li  drawn  out  hv  shoarincf  at  the  actu/u 
margm ;  but  a  few  inches  fartlier  in,  the  (juartzite  is  fairly  solid. 

Minor  zones  in  the  blar  k  scliist  can  also  he  identiHeil  on  both 
sides  of  the  outcrop  of  quartzitc.  The  thin  dark  hmestone 
already  aUudod  to  is  seen  in  several  localities  south  of  the 
quartzite  outcrop,  and  near  the  summit  of  Meall  Uaine  it  is 
found  more  higmy  altered,  and  beginning  to  develop  Tremolito 
crystals.  Nortli  of  tlie  quartzite  it  has  the  same  appearance,  but 
as  we  proceed  north -eiust ward  into  a  region  of  greater  metamor- 
phism,  tho  Tremolite  becomes  more  conspicuous  and  more 
nighly  crystalline,  till  the  rock  presents  tho  appearance  of  the 
well-known  Tremolite  limestone,  which  has  been  so  often  recorded 
as  a  zone  in  the  black  schist,  associated  with  the  Blair  Atholl 
limestone. 

This  identification  of  the  black  schist  with  the  so  called 
Graphite  schist,  is  further  confirmed  hy  the  mapping  of  the  Ben 
Lnwers  Schist,  with  its  characteristic  thin  limestone  band,  round 
from  south  to  north  of  the  outcrop  of  the  quartzite. 

This  evidence  is  suthcient  to  establish  tho  fact  that  the  quartz- 
ite is  the  highest  member  of  the  series,  hes  above  the  black 
schist,  and  when  it  comes  in  contact  wi^  the  Blair  Atholl 
limestone,  as  near  the  head  of  Allt  a'  Mhagain,  must  be  above 
that  deposit  also. 

All  the  rest  of  the  evidence,  while  amply  confirming  this  con- 
clusion, bears  more  directly  upon  the  relation  of  the  quartzite  to 
t  he  other  rocks  hi  the  district.  The  tirst  point  of  importance  is 
that  no  exposure  of  the  Blair  Atholl  limestone  has  been  observed 
south  of  the  main  outcrop  of  the  quartzite.  Again,  the 
margin  of  the  quartzite,  and  it  follows  Irom  the  evidence 
stated  above  that  only  one  margin  of  the  auartzite  is  seen 
in  this  district,  comes  in  contact  with  the  Blair  Atholl  lime- 
stone, variop^ated  schists  soTuctimcs  associated  "with  the  Blair 
Atholl  limestone,  the  black  schist,  the  Tremolite  limestone  in 
the  black  schist,  and  the  Ben  Lawers  schist,  with  its  thin  band 
of  Umcstone^  It  mav  also  be  mentioned  here  that  the  Quartzite 
comes  in  contact  witn  a  large  laccolitic  sill  of  foliated  hornblende 
rock  intruded  between  the  Ben  T^awers  schist  and  tlie  black 
schist,  and  also  with  a  thin  sill  of  garnetiferous  hornblende 
schi.st  intruded  in  the  black  schist.  Tii  th«^  third  place,  tho 
margin  of  the  uuartzitc  is  seen  to  transL^ress  the  outcrops  of 
other  members  oi  the  scries,  as  is  indeed  necessary  in  order  for 
it  to  come  in  c<mtact  with  all  the  above-mentioned  groups.  This 
transgression  can  be  seen  clearly  in  groimd  free  from  drift 
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From  these  facts  it  is  possible  tcr  deduce  two  altcmatiTO  ox-  Mr.  Ci«|g. 
planations:  (1)  that  moBt  of  the  upper  groups  die  out  spondic- 
ally  to  enable  the  quartsdte  to  ap^mrenUy  descend  in  the  aeries, 
or  (2)  that  there  is  presumptive  evidence  of  an  unconformable 

overlap  of  the  qnnrtziti'  u]Hm  the  lower  ni<'TnVM;rs  of  the  series. 

(h)  Petrological  rMil*  ncu  can  be  considered  next,  to  see 
whether  it  conlirms  either  of  the  above  hypotheses. 

A  yery  striking  fact  came  to  light  dining  the  examination  of 
the  basal  beds  of  the  quartzite  in  diiferent  localities,  that 
these  basal  Ixds  \  ary  in  character  and  composition  according  to 
the  nature  of  the  underlying  rock.  Coarse  pebbly  beds  are  not 
infrequent  nenr  the  base  of  tho  quartzite,  but  the  actual  margins 
are  almost  invariably  fine  in  grain,  and  appear  to  contain  material 
derived  from  the  adjacent  rock.  Tliat  this  intermingling  of 
material  has  not  been  caused  by  the  disruption  of  bedding  planes 
under  shearing  forces  and  the  subsequent  rearrangement  of  the 
afTocted  material,  is  proved  by  the  perfect  contmuit^  of  the 
bedding  planes,  and  the  fact  that  the  intermingling  of  material 
extends  farther  into  the  cjuartzite  than  any  marginal  belt  of 
special  shearing  due  to  the  sikMcti  change  in  coefficient  of  elas- 
ticity in  passing  from  a  shale  to  a  auartzito.  The  only  possible 
explanation  of  the  phenomenon  Is  tnat  contemporaneous  erosion 
accompanied  the  deposition  of  the  basal  layers  of  the  quartrite. 
Hie  toiokness  of  these  bands  in  which  evidence  of  this  con- 
temporaneous erosion  can  be  obtained  seldom  exceeds  two  feet ; 
they  sometimes  contain  pehbles  of  fpiartz  and  felspar  very  little 
affected  by  shearing.  The  gradual  passage  of  these  bands  into 
the  purer  quartzite  is  regular  and  well  marked.  Where  the 
quartzite  comee  in  contact  with  the  hlack  schist  the  hasai 
laminie  of  the  former  rock  consist  of  rusty  impure  sandy  mica- 
ceous schist  containing  muscovite,  Motite,  m*aphite  (t)  m  some 
places,  iron  ores,  and  occasionally  needles  of  tounnaliiie  These 
bods  are  usually  soft  and  rusty,  and  are  separated  hy  tilnis  of 
sandy  micaceous  schist  of  a  type  ditiering  completely  from  the 
normal  black  schist.  This  marginal  type  of  the  quartzite  has 
been  described  in  other  areas  as  Uie  Coiie  Neid  type.  When  the 
quartzite  comes  in  contact  with  the  Tremolite  limestone  band  in 
tne  black  schist,  the  basal  beds  consist  of  impure  calcareous 
quartzite,  wliirh  is  iisin!1y  very  rotten  and  friable,  owing  to  the 
hme  dissolving  out  under  weathering  processes  and  leaving  the 
silica.  There  is  not  a  suthcient  area  of  contact  between  the 
quartzite  and  the  Blair  Atholl  limestone  in  this  district  to  make 
it  possible  to  describe  the  general  typo  of  the  marginal  beds  of 
the  quartzite  under  these  circiunstances,  but  where  the  quartzite 
comes  in  contact  with  the  variegated  schists  assodated  ^nth  the 
Blair  Atholl  linM^sf  one,  and  with  the  pirnetifcrous  hornblende 
schist  still  in  the  black  schist,  the  luisal  beds  are  represented  by 
a  very  variable  series  of  schists  composed  of  quartz,  felspar, 
muscovite.biotite,  garnets,  and  occasionally  hornblende  or  calcitc, 
each  constituent  varying  in  quantity  m  ^  different  bands  or 
different  localities,  but  the  whole,  by  becoming  more  quartzose, 
gradually  passing  into  pure  quartzite. 
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Mr.  Cniig.       Throughout  a  great  part  of  the  arcit  where  there  are  no  lai^ 
outcropa  of  quartzite  small  infolds  of  the  base  of  the  quartzite 

im*  frooncnt.  These  infolds  are  sometimes  very  minute,  but  are 
invariably  ret  ognisable,  and  present  tho  same  pnenomena  of  con- 
temporaiuuius  erosion  and  deposit. 

Tims  iL  has  been  soon  that  the  base  of  the  quartzite  not  only 
transgresses  the  boundaries  between  other  members  of  the  series 
but  that  its  deposition  was  accompanied  by  local  erosion  in  this 
area,  and  it  follows  that  the  quartzite  is  not  conformable  to  the 
other  members  of  the  scries.  How  g-reat  the  unconformahilit  v 
may  be  it  is  impossible  to  say  from  the  evidence  in  this  tli.strict, 
but  the  absence  of  the  Blair  AthoU  limestone  from  the  jiren 
south  of  the  first  main  outcrop  of  the  quartzite  is  very  si^ii- 
jicant;  the  limestone  may  either  have  never  been  depositea  or 
it  may  have  been  entirely  removed  by  denudation. 

(c)  Observations  of  the  pitch  of  the  folding  confirm  what  is 
stated  above  with  rej^-nrd  to  tho  order  of  succession;  Ben  Lawers 
schist,  Mack  schist,  Tremohte  liniestonc,  variegated  schists,  and 
Blair  Atholl  limestone  are  all  seen  to  pitch  below  the  quartzite. 

The  actual  discordance  between  the  oedding  of  quartzite  and 
black  schist  can  be  seen  in  several  places  both  south  and  north 
of  the  main  quartzite  outcrop,  where  the  bases  (  f  folds  of  that 
rock  are  seen  m  contact  with  the  black  schist.  Hand  specimens 
can  even  be  obtained  showing  this  discordance,  which  may  ap]v  or 
only  as  current  bedding,  but  may  mark  a  very  considerable 
unconformity. 

The  succession,  then,  in  tliis  district,  is  proved  to  be  as  follows, 
in  descending  order : — 

4.  Quart/.itc. 

3.  Blair  Atlioll  Limestone. 

2.  Black  Schist,  with  Tremolite  limeBtone  near  the  top. 

1.  Beo  Lawers  iSchists,  with  thin  limestone  at  the  top. 

A  wntle  imconfonnaVnlitv,  which  mav  bo  only  local  or  may  be 
of  considerable  magnitude,  occurs  at  the  base  of  4,  and  occasion- 
ally (Mitting  out  2  and  3  completely. 

A  point  of  great  interest  in  the  district  is  the  development  of 
pre-folding  basic  intrusions.  Mr.  Barrow  minted  out  several 
years  ago  that  the  source  of  at  least  one  of  tlie  hornblende  schist 
.sills  can  be  seen  on  Beinn  Vrackie.  It  takes  the  form  of  a  large 
tlattencd  laeeolite,  spreading  out  into  a  thick  sill,  which  thins  out 
rapidly  to  the  south  and  west,  while  to  the  north  and  east  it 
extends  farther.  It  is  possible  that  there  is  more  than  one 
intrusion,  but  as  tho  ^ound  has  not  been  entirely  surveyed,  it  is 
impossible  to  bo  certam  on  this  point.  The  main  laeeolite,  which 
causes  the  strike  of  tho  strata  to  be  deflected  round  it  in  a  most 
regular  manner,  is  intruded  between  the  Ben  Lawers  sehist  and 
the  bl'H'k  s<'hisi,  approximately,  but  it  also  giyes  otV  a  minor 
sill,  which  oerupios  a  low  horizon  in  the  black  schist.  The 
igneous  mass  has  been  thrown  into  large  rolling  folds,  while  the 
surrounding  rocks,  of  sedimentary  origin,  were  compiessed  into 
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a  vcrtic  ill  isoflino.    The  cdjijos  of  the  main  sill,  however,  and  the  Mr.  Craig, 
minor  sill,  have  shared  itx  tlio  intense  folding  of  the  sedimentary 
series. 

No  detailed  exaniiaation  of  the  petrologiuil  chanvctcrs  of  these 
intrusions  has  yet  been  mode.  It  will  be  sufficient  to  state  that 
the  main  intrusion,  where  it  is  least  affected  by  movement,  is  a 
holociystalline  hornblende  rock,  verv  ])asi(;  in  composition,  while 
the  marjjfins  are  represented  hy  finely  laminated  homolen-ie  schists, 
nearly  always  containing  some  ^irnols. 

The  sill  m  the  black  schist  is  invariably  a  very  garnotilcrous 
hornblende  schist,  the  garnets  sometimes  atuiiaing  a  diameter  of 
an  inch  or  more,  whilelnotite  is  frequently  present. 

The  nmin  laccolitc  has  can  <!  •  onsideraole  alteration  of  the 
homfels  typo  in  the  black  schist,  the  latter  rock  being  intensely 
induratefl,  so  mnch  so  that,  for  a  distance  of  from  fiv(;  to  twenty 
yards  from  the  junction,  the  hornfels  has  been  able  to  resist,  to  a 
great  e.Ktent,  the  shearing  forces  consequent  upon  the  folding,  so 
that  it  exists  now  as  a  compact  homfels. 

It  is  in  the  relations  of  the  quartzite  to  these  basic  intrunons 
that  one  of  the  most  interesting  problems  of  this  district  is  found. 

At  Aldclune,  throughout  the  Pass  of  Killiccrankie  as  far  as  a 
point  just  above  the  junction  of  the  Garry  and  Tummcl,  and  for 
several  square  miles  to  the  ejist  and  north-east,  the  base  of  the 
Quartzite  is  continually  coming  in  contact  with  the  garnctiferons 
hornblende  schist  sill  in  the  black  schist.  This  sill  is  folded 
again  and  again  with  the  base  of  the  quartate,  but  in  no  instance 
has  it  l>een  seen  to  intrude  in  the  quartzite.  Following  the  lower 
edge  of  the  latter,  the  sill  is  sometimes  seen  to  be  separated  by  a 
•  few  feet  of  black  schist  from  the  arenaeeons  roek,  sometimes  a 
thickness  of  from  a  few  inches  up  to  six  or  ei«j^lit  feet  of  the  sill 
is  seen  in  actual  contact  with  the  base  of  the  arenaceous  group, 
while  sometimes  the  sill  appears  to  be  absent  altogether,  where 
the  base  of  the  quartzite  aesoends  in  the  series  to  the  horizon  of 
the  Bon  Lawers  schist,  no  trace  of  this  sill  is  seen. 

Where  this  minor  sill  is  in  aetual  eontaet  with  the  quartzite,  a 
remarkable  variation  in  the  composition  of  tlie  latter  rock  is 
notiewl.  The  lowest  layei-s  for  a  thickness  of  iruni  ,  t  f<;w  inches  up  to 
about  three  feet  are  not  quartzite,  but  consist  oi  iiighly  quartz- 
oae  rocks  of  variable  composition  oontaming  biotite,  some  white 
mica,  garnets,  and  very  frequently  hornblende.  In  these  rocks 
the  bedding  is  well  markecl,  and  on  fresh  ftacture  they  present 
the  appearance  of  handed,  bluish,  rusty-wcatherinj:^  qnartzose 
schists,  with  the  frartnre  and  typical  weathering  of  quartzite. 
In  the  Pft.ss  of  Killiccrankie  excellent  waterwoni  sectiunsof  these 
marginal  rocks  are  seen,  biotite  being  the  most  abundant 
ferromagnesian  mineral.  Where  hornblende  occurs  it  is  usually 
in  bladm  or  feathery  crystals  lying  at  all  angles  to  the  bedding ; 
garnet  is  always  present  in  su^  cases,  while  biotite  is  less 
abundant,  and  white  mica  is  more  conspicuous. 

The  various  bands  differ  in  composition  by  the  increase  or 
decrease  of  one  or  more  of  the  constituent  minerals,  but  all 
varieties,  by  becoming  gradually  more  quartzose  to  the  exclusion 
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vir.  rroig  of  impuritios,  pass  into  tho  solid  quartzite.  Sometimes  an 
almost  pure  quartzite  with  a  few  garnets  is  observed.  Tho 
pebbles,  which  not  iufroqucntly  characterise  the  lower  bods  of 
the  quartzite,  have  occasionally  been  detected  in  tliese  marginal 
bods,  and  in  such  cases  they  are  very  little  atfected  l)v  shearing 
stresses,  showing  that  there  has  been  very  little  differcutuU 
movement  during  the  folding. 

Lai^  rounded  masses  or  short  veinlets  of  quartz  are  some- 
times observed  at  the  junction  with  the  sill,  and  even  within  the 
maigin  of  the  originally  igneous  rock. 

These  marginal  beds  may  be  repeated  by  folding,  so  that  they 
cover  a  considerable  area,  out  where  a  good  section  is  examined 
they  can  always  be  proved  to  be  only  a  tew  feet,  or  perhaps  only 

a  few  inches,  thick. 

Wliere  the  Quartzite  lies  at  a  higher  horizon  than  the  sill, 
and  the  sill  is  enclosed  by  black  schist  on  both  sides,  none  of 
the  above  phenomena  lure  noticed,  either  at  the  margin  of  the 
quartzite  or  at  the  margins  of  the  alt 

From  this  evidence  it  seems  probable  that  this  sill  has  been 
intruded  prior  to  the  deposition  of  the  quartzit6»  that  the  latter 
rests  unconfoniiahly  upon  it  in  many  loealitief?,  and  that  the 
basal  layers  of  the  arenueeous  rock  contain  material  derived  from 
tho  denudation  of  the  originally  igneous  rock. 

Turning  to  the  evidence  from  the  large  parent  sill  or  laccolite, 
some  confirmation  of  this  view  is  found,  but  till  the  ground  has 
been  fully  surveyed,  it  is  impossible  to  speak  conclusively. 

It  has  been  seen  that  the  black  schist  has  been  homfelsed  by 

the  intrusion,  and  that  this  alteration  can  still  be  detected. 
Now  in  several  localities  the  base  of  the  quartzite  traverses  tho 
outcrop  of  the  black  schist  and  comes  in  contact  with  the  hom- 
lilundic  intrusion.  In  such  cases  no  induration  of  the  quartzite 
liJis  been  observed,  but,  on  the  contrarjr,  the  marginal  beds 

{»reaent  a  rusty  decomposed  aspect,  contaimng  many  impurities, 
n  one  and  the  same  locality  this  rusty  edge  of  the  auartzite 
may  be  seen  in  contact  with  both  the  nomfelsed  blacK  schist 
ana  the  coarse  homblendic  sUl. 

In  one  or  two  localities  also  the  base  of  the  quartzite  appears  to 
traverse  the  outcrop  of  this  sill  or  laccolite,  and  comes  in  contact 
with  the  underlying  Ben  Lawers  schists. 

The  area  examined  is  singularly  free  from  faults  ol  any 
magnitude  and  from  igneous  intrusions  older  than  the  folding. 

Tho  folding  is  never  very  deep,  but  is  perfectly  isocUnal.  Tho 
area  comprises  part  of  the  centre  of  the  great  fistn  structure  of  the 
southern  Highlands ;  in  conseauence  there  has  been  none  of  the 
later  shearing  movements,  ana  the  grade  of  dynamic  metamor- 
phism  is  low,  the  shearing  consequent  on  the  folding  being  the 
only  movement  of  the  kind  to  which  the  rocks  were  subjected, 
witb  the  exception  of  some  strain  slip  cleavage  developed  m  tho 
finer  and  softer  schists. 

Where  the  thinnest  edges  of  folds  of  the  quartzite  are  enclosed 
in  the  black  schist  considerable  evidence  of  shearing  movement 
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is  observed,  but  wit  bin  a  few  feet  the  quartzite  t)ccomes  f&itiy  Mr.  Craig, 
massive,  and  pebbles  are  often  very  little  drawn  out. 

In  the  area  to  the  south  of  this  district  where  the  folding  is 
fiat  or  gently  indined,  no  traces  of  pebbles  can  be  seen  for  a 
distance  of  from  siz  to  ten  miles  from  this  central  axis. 

The  thermonietamorphisra  is  considerable,  though  nowhere 
intf'Tise :  aluniinoii.s  sibcatcs  have  not  been  developed  in  the 
lugllliicuous  rock,  nor  calc-silicates  to  any  extent  in  the  lime- 
stones, but  all  the  rocks  have  been  recrvstallised. 

StrtUh  Taminel  District. — The  results  of  the  re-examination  Mr.  Wilson, 
of  about  15  square  miles  of  nouad  in  the  lower  portion  of  Strath 
Tumrad  are  thus  given  by  Mr.  Wilson. 

From  south  to  north  the  various  zones  are  found  in  the  follow- 
ing geographical  order — 

(4)  Limestone  and  black  schist 
''3)  (^lartzite. 

{1)  Black  schiat  witli  little  black  limeatoue. 
(1)  Ben  lAwen  acliitt 

(2)  Bhick  ach  lst  with  little  black  limeHtone. — The  greater  por- 
tion of  this  group  is  a  dark-blue  schist.  At  some  localities  these 
dark  bands  alternate  with  ^e  v  schists  with  garnets,  and  occasion- 
ally  the  series  bo(jomes  coal-black  towards  the  top  and  contains 
gnvphite.   The  little  black  limestone  is  situated  in  this  group. 

(3)  Qiun'tzitc—Thia  dinsion  varies  from  a  solid  white  quartzite 
to  pebblv  qimrtzitc  utkI  f[Uiirtz-s(  bist. 

(4)  LinuHtoDe  ami  black  nchist. — The  limestone  is  a  blue  to 
steol-grey  holocrystalliue  rock»  and  the  black  schist  is  identical 
in  evexy  respect  with  the  dark  blue  and  black  schists  of  group  2. 

(1)  Sen  tawen  ackist. — On  the  east  side  of  the  Frenidi  Bum 
there  is  a  small  area  of  these  schists,  which  are  entirely  composed 
of  large  bladed  crystals  of  actinolitc  in  a  sericitic  base.  The 
actinolitc  schist,  along  with  the  spotted  brown  limestone,  forms 
a  cliaract eristic  Imnd  at  the  top  of  tlie  lien  Diwers  schist.  On 
the  craggy  ridges  to  the  west  of  ritloeliry  the  upper  and  c^ileareous 
portion  of  this  group  contains  two  well>marked  infolds  of  the 
olack  schist. 

(2)  BUiek  schist. — To  the  west  of  the  River  Tummel  at 
Pitlocbry  no  alteration  has  been  mtide  on  the  previously  traced 
outcro})  of  this  group,  but  the  oeeurrence  withm  it  of  the  little 
black  limestone  was  proved  at  two  diticrent  localities.  From  this 
southern  outcrop,  at  a  point  one  mile  west  of  Farragon,  the  black 
schist  has  been  traced  continuously  across  the  watershed  into 
Strath  Tummel,  where  it  stretches  from  near  the  head  of  the 
loch  to  a  distance  of  two  miles  below  its  outlet.  All  through 
Strath  Tummel  the  dilTercnt  mom  bore  of  this  zone  are  constantly 
repeated  by  the  shallow  isoclinal  folds.  As  the  result  of  this 
folding  the  boundary  lines  are  much  involved.  The  small  black 
limestone  and  black  tremoUte  rock  has  been  observed  at  several 
locaJities  within  the  area  to  the  south  of  Loch  TummeL 

On  the  north  side  of  the  river  and  loch  this  same  zone  of 
black  schists  has  been  continuously  traced  from  the  foot  of  Glco 
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WUflon.  yincastle  to  a  point  north  of  Fortnelljiii  House,  where  it  is 
truncated  by  the  Loch  Tay  fault  This  area  of  black  schist  is 
onlv  separated  itom  the  outcrop  of  the  Blair  AthoU  limestone 
and  ite  olaek  schist  on  the  watershed  between  the  Rivers  Tummel 
and  Garry,  near  Lochan  na'  Leathain,  by  a  narrow  belt  of  ground 
obscured  by  superficial  ^loposits  300  yards  wide,  and  there  is  a 
strong  presumption  that  liic  \Aiuik  schist  is  continuous  across. 

To  tne  north-oast  of  the  largo  Strath  Tummel  belt,  and 
separated  from  it  by  quartzito,  another  area  with  a  very  irrt^uUir 
boundary  stretches'from  near  Fincastle  House  to  the  Rivor  GeLrry, 
and  is  continuous  with  the  black  schist  mapped  by  Sir. 
Cunningham-Craig  on  the  east  side  of  this  river,  and  several 
small  inliers  occur  within  thequartzite  at  the  foot  of  the  Tummel 
Valley. 

(4)  Limestone. — Within  the  area  of  the  black  schist  already 
described  as  extending  west  to  the  Loch  Tay  &ult,  and  alxnit  a 
quarter  of  a  mile  east  of  Loch  Tummel  Inn,  the  cliff  called  Oreag 
Mhor  is  formed  of  a  mass  of  steel-grey  limestone,  identical  in 
character  with  the  Blair  AthoU  limestone  as  developed  a  little 
to  the  north-f»!ist  at  the  head  of  Gleii  Fincastle,  and  tnere  can  be 
little  doubt  that  it  is  a  western  extension  of  that  scam.  In  this 
exposure  the  limestone  is  visible  in  tliree  separate  folds  surrounded 
by  and  folded  with  the  Uaok  schist  In  the  immediate  vicinity 
of  Creag  Mhor  there  are  two  other  separate  outcrops  of  a  simihir 
limestone  associated  with  the  same  belt  of  black  schist. 

At  the  head  of  Glen  Fincastle  near  Edintian  and  the  black 
schists,  there  is  a  considerable  outcrop  of  black  limestone,  which 
has  been  reeoi^nised  by  Mr  Wilson  as  the  "little  black  limestone." 
He  regariis  it  as  the  same  limestone  which  occurs  in  the 
southern  outcrop,  and  from  this  correlation  as  a  necessary 
consequence,  the  identity  of  the  black  schist  in  the  two  areas 
follows.  The  triangular  area  on  the  south  side  of  tlic  River 
Garry  is  occupied  by  Blair  AthoU  limestone  and  black  schist,  and 
there  can  be  no  doubt  we  are  dealinc^  with  the  same  black  schist 
and  limestone  as  at  Crea^;  Mhor,  because  at  the  head  of  Glen 
Finciistle,  the  Httlc  black  limestone  aiid  black  schist  both  dip 
under  the  Blair  AthoU  limestone. 

QtiartzUe, — ^The  character  of  this  rock  varies  considerably  over 
this  area.  To  the  S.E.  of  the  junction  of  the  Tummel  and  Garry 
on  both  sides  of  Loch  Ttimmel,  and  at  several  other  localities,  the 
black  schist  is  iinniediately  overlaid  by  a  solid  white  quartzito 
containint,'  telspar.  In  the  direction  of  Farragon,  this  massive 
type  gives  place  to  a  grey  quartzito  with  strong  pebbly  bands, 
either  at  the  edge  or  else  some  little  distance  from  it.  Tine  grey 
colour  is  due  to  small  lenticular  fragments  of  black  schist  which 
are  enclosed  in  the  quartzito  matrix.  This  fact  seems  to  indicate 
that  local  denudation  of  the  black  schist  was  taking  ])laco 
at  some  point  or  points  in  this  district,  during  the  period  of 
deposition  ot  the  quartiiite. 

At  several  points  in  Strath  Tummel,  the  edge  of  the 
quartzito  next  to  the  black  schist  is  slij^htly  calcareous,  and 
generally  occurs  as  a  weathered  crumbling  gritty  rock.  The 
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pebbly  edge  ut  ihc  qiuirtzite  is  found  jus  lar  as  Loch  Tummcl.jind  Mr.  Wilsoo. 
on  both  sides  of  Luc  belt  of  black  schist  which  cxtuuds  north- 
wards from  Farra^iL  From  Glon  Fiiicastle  to  the  Pass  of 
Killiccrankie,  the  nuartzite  is  very  much  folded  and  intor-feltcd 
with  bands  of  black  schisL  Here  the  odge  r()(!k  of  the  tiuartzite 
is  essent iully  a  (juurtxiwe  sdiist  witli  a  rusty  brown  wcathorinsf, 
aud  fre<|iitjiitly  eonUuns  biotitc.  tourmaline,  and  otlu  r  minerals. 

Btfsu  tutrtt^flotKH. — Throughout  the  piss  ot  Killiecrankie,  a 
much  folded  epidioritc  sill  with  garnets  (sometimes  1  inch  in 
diameter)  is  associated  with  the  black  schist  This  sill  occurs  at 
many  [mints  to  the  west,  and  as  for  up  Strath  Tummel  as  the 
foot  of  tlic  loch.  It  is  somctimtis  intrusive  in  the  ])lack  schist, 
but  is  more  frcrnicTitly  in  dose  cont.n  '  with  the  quartzito  on  the 
Oi\e  side,  and  t  lie  black  schist  on  the  other. 

ReUUioii  of  the  QnaHztfe  to  the  other  Zones. — The  occurrence 
of  black  schist  fra^ents  in  the  pebbly  quartzite  has  alread^^  been 
mentioned  as  evi^nco  in  favour  of  the  view  that  local  erosion  of 
the  black  schists  took  place  in  the  nroKcnt  r^on  during  the 
deposition  of  the  quartzite.  At  C-reat'  Mhor  the  quartzito  is  seen 
to  tran.sgross  from  the  Blair  Aflioll  liniestonf  oti  to  the  blank 
Rphists.  To  the  north  of  this  point,  the  SiUiu'  rd'^'c  of  the  quart  /.iie 
is  succeissively  in  contact  with  the  BUir  Atholl  limestone  an*i  with 
tho  black  schist  for  a  short  distance;  Over  the  portion  of  the 
area  (already  described)  occiipied  by  tho  pebbly  edge  of  tho 

?ruaTtzite,  tlie  latter  occurs  next  to  the  black  schist,  but  at  the 
'  rcnich  liurn,  this  pebbly  edge  for  some  distance  is  in  contact 
with  tho  "  Ben  Lawers  schist,"  exposed  in  the  small  area  already 
noticed. 

Within  tho  trian«^ular  space  on  the  south  side  of  the  River 
Garry  occupied  by  black  schist  and  Blair  AthoU  limestone  there 
is  a  considerable  area  of  .solid  white  quartzite,  the  outer  t^dge  of 
which  rests  on  black  schist  and  the  inner  edge  on  limestone. 
This  same  belt  of  limestone  passes  out. side  the  quartzite  and  is 
then  on  both  sides  in  contact  with  blark  sfbist. 

These  facts  art'ord  strong  presunq)tive  evidence  in  favour  of  an 
unconformability  between  tue  quartzite  and  the  other  members 
of  the  Highland  schists  in  this  area. 

II  paLjEOntological  work. 

Mr.   Poach,  tho    Acting   Paleontologist,  ha.s    |)n']iiued   the  ^b-.  Peacb. 
following  sunuuary  of  paheontologieal  work  in  Scotland  during 
the  past  year 

The  PaltcontoloQ^cal  department  in  Scotland  was  ctvrricd  on 
during  the  season  oy  Mr.  IN  i  b  .is  ishd  by  Dr.  C.  IJ.  Cr.nnpton, 
Mr.  A.  Mncrnnoehie,  .'Uid  ^Ir.  D.  Tait.  Assistance  had  also  been 
aflbrded  by  tlio  fnll  ^wiii'^'  specialists  outside  of  the  (Joological 
Surv(;y,  viz.,  Dr.  Traquair,  i)r.  Whccltou  Hind,  aud  AJr.  11. 
Kidstou. 

The  number  of  fossils  cathored  by  tho  Fossil  Collectors  during 
the  year  is  1101,  of  whicli  31  arc  from  the  Ludlow  and  74  frou\ 
the  Downtonian  rocks  of  Lanai'kshiro,  20  from  tho  Lower  OKI 
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Mr.  Peach,  llcd  Sandstone  f if  Fife  and  Dumbftrton,  208  from  Hie  Carboni- 
ferniis  rocks  of  iHTwicksln'ro.  Fife  and  Arran,  Tit)  from  the 
So€uii(larv  rocks  ul'  tlio  Islt;  of  Sky<\  an<l  '>()  iroin  the  Post- 
Tertiary  Clays  of  Loch  LodioiuI.  Dmiiig  the  season  the  fossil 
ooUoctors  were  much  engaged  in  collecting  rock  specimens, 
which  they  gathcrod  to  the  number  of  2,69ll  In  view  of  the 
pubUciition  of  the  memoir  on  \ii\iit  Fife  Sir  Archibald  Geikio 
desired  tliat  rollortinns  of  fossils  should  l>c  made  from  certain 
shaly  Ix'ds  of  iho  Lower  Old  Jivd  Saiidstono  that  onu'ri^'o 
from  boiimth  the  great  volciuiic  lilatforia  uf  the  Ochils  antl  an? 
exposed  on  the  shore  of  Wormit  nay  on  the  south  of  the  Firth 
of  Tay  nearly  opixisite  Dundee,  ami  also  from  Parkhill  in  the 
same  neighbourlujod  whence  Professor  Fleming  obtained  the  firat 
described  sjDccinRiis  of  Parkti,  (iecij^ien^.  Collections  were 
!iccnrdint(ly  made  by  Mr.  Macconochie.  Th(^  Hshos,  detcrmineti  by 
J>r,  Traciuair,  are  Memranthun  MitchpUl,  Isrh  ndnt  Dflm^  gnicUi^, 
and  CliiiuUiu&8Cuti,(jer ;  the  other  lornis,  determined  by  Mr.  Peach, 
are  Ptei'ygotm  amjlicm,  Eiwyptcrm  sp.,  and  Parka,  decipiens. 
The  assemblage  o^  fossils  is  like  that  found  at  Duntrune  and 
Balruddery  on  the  opposite  side  of  the^  Firth. 

For  the  same  purpose  it  was  foun<l  to  be  highly  desirable  that, 
certiin  plant  hoarinuc  '>^'ds  in  tlio  Lower  Carboniferous  rocks 
exposed  on  the  shores  of  Kivst  Fift;  should  be  specially  soarchod 
fui-  plants.  Mr.  Kidst-on,  accompuiied  by  Mr.  1).  Tait,  devotcfl  a 
few  days  to  this  investigation,  with  the  result  that  they  obtained 
a  considerable  amount  of  matonal  The  results  of  Mr.  Kidston's 
stud^  of  the  plants  obtained  will  be  incorporated  in  the  forth- 
coming memoir.  One  of  the  plants,  Sphenopterin /Uudata,  Stur, 
obtaine*!  by  them  is  new  to  Britain. 

At  the  iiistaiico  of  Mr.  Gunn,  and  for  the  purpose  ot  obtaining 
additional  information  for  the  forthcoming  memoir  on  the 
Geology  of  part  of  Arran,  Mr.  Tait  made  a  collection  of  fossils 
from  the  shingle  bcach^  on  the  north  side  of  Catacol  Bay,  in 
Arran,  as  Mr.  (I nun  thinks  that  there  is  strong  presumptive 
evidence  that  Carboniferous  Liniastone  rocks  occur  in  the  scii 
just  outside  of  Catacol.  Mr.  Peach  determined  the  fo.ssils,  which 
a])pearto  denote  the  liorizon  of  the  Upper  Limestone  group  of 
the  Carboniferous  Limestone  scries  of  ^Scotland. 

In  order  to  follow  up  the  discoveries  made  in  the  Ludlow  and 
Downtonian  rocks  of  Lanarkshire,  Mr.  Tait  in  the  early  part  of 
the  sttiHon  made  a  considerable  collection  from  these  rocks  in  tho 
Lcsmahagow  iiilier  in  Lanarkshire.  The  fishes  have  Iwcn  dotcr- 
rnined  by  Dr.  Trafpiair,  but  no  new  |)ointR  of  mnrpholorricj\l 
interest  have  boeu  exhil)ited  V»y  the  specimens.  Several  goinl 
S[>eciincnsof  i*/crw//o/dt.srand*SY<//ic>i2ia  were  obtained  by  Mr.  Tait 
from  the  site  of  the  L<^n  Water  Reservoir  at  present  in  course 
of  construction. 

In  the  autumn  Mr.  Kirlston  once  more  placed  his  valued 
services  at  the  di.spos^d  of  the  Geological  Survey,  and,  accompanied 
by  Mr,  Macconoehie,  made  a  vK-odi  for  rare  fossil  plants  among 
the  lowest  C'arboniferoiKs  ro(  ks  ol  the  iiorder.  The  results 
are  embodied  in  the  accom^wiuying  report  by  Mr.  Kidston. 
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WHiile  searching  lor  plants  tboy  also  oljlaiiio<l  a  vaUiahlo  collection  Mr.  Peach, 
of  fossil  criistaccji.  Tlioy  also  made  a  very  intcroHtins  discovery 
of  paeudomorphs  after  crystals  of  salt  in  somo  shiuos  of  the 
Cemcntstone  j^roup  of  tho  Lower  Carboniforoiis  "Tiiodian  Bods" 
exposed  in  a  scaur  of  tho  Blackaddor  Water  near  Allaiit<)n,  in 
B<M  \\  i<  kshiro.  The  particular  interest  attaching  to  tlio  find  is  tho 
additional  evidence  thi^^  rifVonls  in  f;ivour  ot  the  view  ot"  tho 
CenieiU.st<^)no  phase  nf  tlio  Lower  (  ;iil>ouiforous  rocks  Ijoiug 
depositeil  in  concentrnttd  .sjdine  waters. 

Tho  foUowin'j:  is  .Mr.  Kidston's  Report  on  fossil  plants  gsithcrod 
from  the  C'ak  ilcrous  Sandstones  of  the  Herwicksliire  border: — • 

•'  From  the  Lfreat  interest  of  the  spe<-ime!i<;  eolleeted  last  year  in  Mr.Kulatott. 
Berwieksiiiro  (see  Report  for  1000,  p.  174),  a  second  visit  was  mado 
towards  tho  end  of  last  swisou  witu  the  object  of  further  investi- 
gating the  fossil  flora  of  tho  Galciforous  Sandstone  Serie&  The 
results  were  very  satisfiiotory,  and  again  led  to  the  discovery  of 
some  new  and  interesting  species. 

"Specimens  were  collected  from  the  following  localities: — 

**  From  tho  Wliitcjulder  Water,  right  bank,  scaur  under  Edrom 
CThurch.  (This  locality  is  described  in  first  notes,  p.  174,  as 
'  Right  bank  of  Whiteaddor,  one-fourth  mile  wost  of  Edrom 
House/  but  the  above  designation  is  more  dotinito.) 

"  To  those  recorded  from  this  locality  last  year  the  following 
must  be  added : — 

This  i.s  the  Sithenofittrw  b{1.  of  fii^t  list. 
Le/ful'x/rtulntn  Vrltht  nnlnnnin,  StcrnI). 

Tins  is  |irol>al>ly  the  Le/iithMltwlion  sp.  of  first  list. 
St iijiH'i ri'i  jlri>!th-x^  Sternl).  .sp. 
(Jiutiioctirpm  bicaudatutf  Kidston. 

"From  ri'^dit  bnnk  of  Whitcidder  Water  at  Willies  Hole,  one 
nule  oiist  of  Allaiiton.  (In  j>revio\is  notes  tlesignatod  as  from 
*  Right  bank  of  Whiteadder,  three-quartors-of-a-milo  below 
AHanton'): — 

Jfatrhnnliteft  sp.    Distinct  from  that  alrojuly  noted. 

Lejmfhdewlron  Velt/ieiminnuni,  Sternh. 

Uttffmaria  JteouU*^  Stomb.  sp.,  var,  undvlaia^  Gupp. 

"Fioni  lload  Cutting',  north  end  of  Xorham  Ihidi^e  over 
Twee<l,a  No'ggerathia-like  pinnule  Wiis  tound  in  the  upper  portion 
of  a  cement  stone  band  about  twelve  inches  thick,  in  tho  shales 
a  few  feet  above  the  level  of  tho  rood. 

"  Some  material  showing  plant  structures  was  also  collected, 
but  this  has  not  yet  been  examined. 

**  From  small  stream,  about  a  C[uartor-oi-a-uiilc  N.li,  of 
Iriidykirk : — 

Aitentnilaiuiici  ici  obicidalui^  kkh.  sp. 
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From  WUitoaddor  VVator,  Bellsburn  Scaur»  near  Chimside : — 
Ane%mite»  sp. 

"  From  Islington  Bum,  about  four  hundred  yards  N.N.K.  of 
Gavinton,  nuiir  Duns : — 


"  Abirshall  Meadows  Bay,  two-and-a-half  miles  north  of 
Berwick. 

"  These  beds  are  above  the  Scremerston  Coals,  aiid  below  the 
position  of  the  Hurlet  Limestone: — 


attached  rootlets  very  beautifully,  the  rhizomes  not  being 
crowded,  the  rootlets  wore  seen  to  extend  from  them  at  right 
angles,  and  alK)ut  a  toot  long  where  they  were  broken  over. 
Several  rootlets  were  found  which  ended  in  a  bifurcation. 

"  In  addition  to  the  two  localities  meiilioned  in  ihc  Uepoi  i  for 
1000,  viz.,  Lanurton  Bum  Road  Gutting,  north  end  of  Norhani 
Bridge,  from  both  of  which  additional  material  was  collected, 
some  small  blocks  of  a  shelly  liniestonc  were  foinul  in  the  sliinglc 
on  the  W1titc.i(l(l(  r  Water  immediately  below  the  right  bank  scaur 
imder  Edrom  Church. 

The  plant  remains  in  these  are  not  so  well  preserved  as  those 

in  the  Langton  Burn  niaterial,  but  the  blocks  contain  much  the 
sail  10  species*  The  Edrom  material  has,  however,  yielded  a 
lidera'nffium,  a  genus  not  previously  met  with  in  Berwickshire. 

"  Microscopic  preparations  are  at  present  beinc  made  fron»  these 
materials  showing  |)lant  structure,  and  already  about  one  hundred 
and  fifty'  slides  have  l)ecn  prepared;  but  still  a  considerable 
amount  of  muterial  awaits  examination,  so  a  Heport  on  these 
spe«  !tnens  will  be  deforicd  for  a  future  oceasion.  Tt  may  1k». 
ni<  iitioii(d,  liowever,  ibal  the  plants  are  of  very  gicnt  interest, and 
have  adtled  much  to  our  knowledge  of  palieozoic  botany." 


Lejtuloderulron  nftH^terffeiue,  Nath. 


Sitiieiuipteru  ( Di}>if>elimema)  Sdiutzeiy  Star. 
VartliopterhjMihjmor^tha  var,  rohtndi/olioy  Giipp.  sp. 
Aftetyjefilamite*  aeroburulaiw^  Schl.  sp. 

Plnnulitriu. 

Li ftithKhnihon  ] \l t/i c tin ut n um^    tern b. 
JSttffmatia  ,fieoid^  Stemb  sp^ 


Digrtized  by  Google 


PAL^ONTOLOGICAL  WOKK.  l8l 

A  larirc  collection  of  fossils  wjis  niudo  by  Mr.  Tail  from  tho  Mr.  I'wch. 
StHJoudary  rouks  of  the  Islu  of  Skye  during  tho  scas(»n.  to  jissist 
thu  Surveyors  in  iixiuj'  thu  horizunii  of  these  rock.s  iis  developed 
in  Sheet  71  (one  incn).  They  indude  fossils  from  each  of  the 
sub-divisioiut  from  the  Infra- Liaa  or  local  representative  of  tho 
Khaetics  u])  to  the  Oxfonl  Clay.  These  fossils  have  all  been 
sent  to  Mr.  E.  T.  Newton  for  determination  and  elassitieation. 
A  few  s|K'einiens  of  fossil  wood  showing  structure  collected  from 
be<ls  which  may  Ikj  of  Triassie  age  have  been  submitted  to  A.  ( 
Sewartl  fur  examination.  During  the  seivson  a  most  iutcresliu^ 
and  important  discovery  was  mane  by  Mr.  Clou^h  who,  as  already 
stat'xl  m  a  former  part  of  this  report  (p.  146),  found  eherty  rocks 
in  beds  imderlying  tho  great  Tertiary  voleanie  plateau  in  Skye.on 
the  north  side  of  Soay  Sound  in  Sheet  70  (one  ineh)i  Accord- 
ing to  Mr.  E.  T.  Newton  to  whom  tlie  sperimeus  w(Te  subnutted, 
the  cherts  contain  lu.^^ilh  which  appear  l(i  bcluiig  to  tlie  Green- 
sami  ision  of  the  Cretaceous,  an  opinion  also  shared  by  Dr.  G. 
J.  Hinde  (see  p.  92). 

Mr.  Cunnuiglmm  Craig,  who  surveyed  the  islands  in  Loch 
Lomond,  wish^  a  further  collection  of  shells  to  bo  made  from 

tho  Gi  l  i  i'  Clays  of  Inchlonulg,  wliich  he  considers  to  be  of  tho 
age  of  the  llmidred-feet  Beach.  Mr.  Macconoehie  was,  thereioro, 
detailed  to  make  the  coUcctiou,  which  has  been  submitted  to  Mr. 
E.  T.  Newton,  and  a  list  of  about  20  ^|u>t  it  s  has  been  suppH«'d  to 
Mr.  Curmiugham  Craig  for  insertion  m  ilie  forthcoming  memoir 
of  Sheet  38  (one  inch). 

Mr.  Macconoehie  obtained  from  the  Calciferous  Sandstones  on 
the  banks  of  the  Whiteadder,  near  Dunse,  si)ecimcns  of  a  fish 
spine  in  addition  to  one  he  had  collected  from  the  same  locality 
many  years  before.  The  spines  are  considered  by  Dr.  Traqnair 
of  sutHcient  interest  to  warrant  the  construction  of  a  new  species 
of  Gtjmcanthua,  the  description  of  which  by  him  is  here  given: — 

''(hjmv'niflniyf  faU'iJ\mn'>»  n  sn.  Tramiair. — Length,  four  and  aDr.Tnqnair. 
half  to  six  inches;  very  decidedly  ana  evenly  curved  antero- 
p(^steriorly  from  bjise  to  a}>ex ;  stout  at  tho  bjise  and  rapidly 
taperin*^  to  the  point.  Inserted  portion  short,  exposed  part 
coverea  with  closely  set  oblique  ridges  which  get  more  and  more 
oblique,  till  towards  the  |x>mt  they  are  nearly  |>arallel  with 
the  posterior  margin  of  the  spine;  ridges  tuberculated  near  tho 
b  tsc.  hut  tending  to  become  quite  smooth  towards  the  ajwx. 
Posterior  area  narrow;  unsyiiuneLrical  tus  usual:  each  of  its 
margins  being  set  with  a  row  of  very  small  olilique  donti<*l(!S. 

"The  well  marketl  eontiguration  of  these  companitively  small 
spines  (of  which  there  are  tlu*ee  pretty  entire  specimens  in  the 
Survey  collection)  prevents  me  firom  considering  them  to  bo  tho 
immature  form  of  any  known  species." 

Lists  of  fossils  were  drawn  np  by  Mr.  C.  B.  Crampton  and  Mr.  Mr.  Fdwb. 
D.  Tait,  under  the  supervision  of  Mr.  R  N.  Peach,  for  the 
Appendix  of  the  £ast  of  Fife  Memoir. 
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The  following  is  n  list  of  Spccimciib  In  the  Survey  ooUecLiou 
figured  in  the  Pal;t  (mtugmphiail  Society's  volume  ior  1901 : — 

A  ?)Trmo;;mph  ui  tlio  Ilriti-sh  Carboniferous  LameUibrauchiata  by 
WuKKLTtfN  Hind.    Vol.  ii,  part  1. 

rtaonitm  anffMtains from  Lower Carb.  Serio^  Lawston Linna, Liddle 
Water.  Plate  v.,  fig.  1. 

Pteronitts  anffrntutux  from  Culo.  Sa.  Series  of  GleDcartbolin, 

DuiiifricsHhire.    I'late  v.,  fi^.  i. 

AcUnajtteria Jtucluom  from  Clecklimon,  Kilbriilc.    Plate  v.,  m. 

„  „      from  tbe  first  limetttouo  ou  the  shore  E,  ui 

Kinghora.  Plate  t.,  fig.  8. 

AeUiMpUriaJhehMKL  from  W.  Quany  at  Saltoo.  Plate  v.,  fig  12. 

PoBidtmomya  comtgata  from  near  Fkiialey.  Plate  vL,  fig;  3. 

'  „  vfKltata  from  Calcif.  Sa.Qlencartholm,  Dumfricssbue. 
Plate  viL,  fig.  7. 

A  Motiofrrftpli  of  liritish  Graptolitcs  by  G.  L.  Kllbs  and  £.  llL  B.  WoOD^ 
edited  by  (J.  Lapworth.    Part  1.  l)ichogra]itid:i^. 

DidymtufV'il'tus  unattUm  from  Minuoch  Water,  Uleucuird  Lodge, 
8.  Scotland.  Glenkiln  Shales.  Plate  ii.,  fig.  7. 

The  Ganoid  Fishes  of  the  British  Carbonifetooe  Formations  by  B,  H. 
Traquaih.    Part  I.  I'alieoni.scid<t'. 

£hmcfith!f9  pMien  imm  (scales  only).    Plate  xii.,  fig.  8. 

„       aerratus  (scales  only).  Plate  xii.,  fig.  6. 

IIL   MUSEUM  WORK. 

Tlic  Curator  of  llic  Gcologiwil  Survey  Collections  in 
the  Edinburgh  Museum  of  Science  and  Art,  reports  that  dur- 
ing  the  year  now  at  a  close,  the  principal  work  done  in  the 
Geologic4il  Survey  Gallery  has  been  there-arrangement  of  a  largo 
part  of  the  collection  of  rock  specimens,  and  tlio  intercalation 
amongst  these  of  new  sncoimens  of  interest  colK  (;li  (l  l>y  the  Survey 
officers,  or  given  by  oLlicrs.  A  lame  number  of  the  sjjcciniens  of 
fossils  have  been  rctiibletcd,  and  the  descriptions  written  anew. 
In  the  course  of  this  work  the  figured  specimens  have  recmved 
sjxjcial  attention.  A  number  oi  specimens  of  fossils  from  the 
Clyde  Iknls  have  l>een  mounted  and  placed  on  exhibition.  In 
addition  to  this,  the  important  work  of  nrmnging  the  |>art  of  tlie 
collection  ^vllic]l  is  not  exhibitetl  has  been  earned  on.  Tiicse 
sj^)eciniun»  arc  arranged  primarily  under  their  respective 
biological  headings,  anil  secondarily  under  the  number  of  the 
Ordnance  Survey  one-inch  Sheets,  so  as  to  be  ayoilable  for 
immediate  reference  for  lists.  The  collection  of  rock  specimens 
placed  in  the  glazed  cjises  beneath  the  maps,  has  been  catalogued 
with  the  special  ohjcct  of  facilitating  referontco  to  such  of  the 
speciiiH-ns  u.s  may  be  duplicates. 

During  the  year  the  thu'd  o<Iition  of  the  Guide  to  the 
Geological  Survey  Collections  was  sold  out,  and  a  now  edition 
was  forthwith  prepared  and  placed  in  the  hands  of  the  Director 
of  the  Museum  for  publication  as  before. 


PUBLICATIOXS.  1^3 

IV.  MAPS,  Etc.,  PUBLISHED. 

Two  sheets  ol'  the  one-inch  luap  have  been  pubhshotl  durmg  the 
yetir,  viz: — 

No.  21,  the  northern  i>art  of  AiTan,  imt  ot  liute  ami  ilm  Cmnhraea. 
Na  as,  embfmcbg  tne  districts  ch  Loch  IxmhodcI,  Loch  Katrine  and 
Cuknder. 

Sxtra  OffiAdal  PvUicatume,  1901. 

Barrow,  U.— "Ou  tho  occurreuce  of  JSiJuriau  (?)  Rocks  in  ForfarHhire 
and  Kincardineshire,  along  the  Eastern  Bonier  of  the  Highlands."  Qwirt. 
Jimm.  Oeol.  JSoc^  vol.  IviL,  p.  326. 

(lu.sN,  W.—'*  On  the  OM  Volcanic  Roclcs  of  the  Island  of  Armn."  Tiun». 
O'tol.  JHiK,  O'iaigQiOf  voL  zL,  p.  174. 

 "On  Kecent  Discf)veries  in  Arnin  CJeology"  (rwwl  ftt  Hritlsh 

As^iation  meeting,  Glasgow).   UtoL  i/ttj/.,  8cc.  IV.,  vol.  viil,  \k  505. 

Haukkk,  A.-"Tr,;  Tlrosion  in  tlio  Ciiillln  llilH  8kye."  With  map. 
I'raw.  lioy.  .SV«-.  Edin.,  Vol.  xl.,  jwirt  II.,  pp.  tt\  '2.:rl. 

 "  The  Seqiienri'  of  the  Tertiary  Igneous  HocJis  of  Sltye,"  6W. 

J/<if/.,  (4),  vol.  viii.,  pp.  iiiHi  .'»09. 

Hill,  J.  li.— **  On  the  Cru-sh-Congloinorates  of  ArgyUshire."  Qmart 
Journ.  (jtol.  •Sot'.,  vol.  Ivii,,  pp.  313  327. 

Kymamton,  U.->"  On  some  tutfH  a.s3ociated  with  the  audesitc»  of  Lome.' 
Trans.  Bdin.  Gtel,  Soe^  VoL  viii.,  pp  .87-90, 

pK.vrH,  B.  N.  ;  W.  (Junn,  and  E.  T.  Nkwton.— "On  a  remarkable 
Vohunic  Vent  ol  Tertiary  Age  in  the  I.slunil  of  Arrauj  enclosing  Mcsosoic 
Foflsiiiferous  Itocits.''  Quart,  Jown.  GtoL  6W..  vol.  Ivii.,  p.  226. 

III.— lUELAND. 
I— FIELD  WORK. 
Dublin  Distbict. 

Mr.  CJ  \V  r.amplugh,  District  Geologist 

Mr.  J.  K.  Kilroe, 


Mr.  A.  McHenn , 
Mr.  11.  J.  Scviuour, 
Mr.  W.  B.  Wright, 


Geologists. 


The  msippinij  of  the  driru>.on  tho  six-inch  scale  in  the  neigh-  ^^r. 
bourhood  of  Dublin  was  commenced  in  May,  and  the  i^it^ii  ^^jjj'^'jjjgj' 
represented  on  the  one-inch  Sheet  112,  ivith  so  much  of  the 

margin  of  the  adjacent  shcct-s  a.s  lay  within  the  slips  of  the  .six- 
inch  maps  required  to  complete  that  slicet,  was  completed  by  tho 
end  of  N'ovcmlxT  tli*-  totiil  area  siirvevfd  licini^'  1  .'(j  square  miles. 
Attfiition  was  devuLcd  exclusively  to  the  drifts  uiul  otlicr  .sviper- 
licial  deposits,  though  in  traversing  the  ground  a  tew  tacts  were 
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Mr.  noted  in  rej^ard  to  the  solid  rooks  wliich  will  Ik?  nseful  iu 

^a'Slift  l>i"e|>.irin<,'  tlic  new  edition  ol'  the  Memoir  ou  JSlicot  112,  this 
'       *      uieuiuir  In-ing  at  present  out  of  print. 

The  MSS.  six-ineh  maps  of  tlie  former  "  solid "  survey  were 
oxatiiincd,  and  a  few  notes  relating  to  the  drifts  were  transferrod 
from  thmi  to  the  now  working  six-inch  tield-maps,  hut  it  was 
found  that  those  notes  were  too  seanty  and  thesketeh-houndarios 
«»n'_rin:tlly  (h'nwii  foi-  tlit-  diit't.^  too  (li;iLrraitiTi)ati('  to  yiehl  any 
aiaieriiil  aid  in  tlir  preparation  of  the  dritt-mup.  It  has  therefore 
been  foinid  neees.siiry  to  maV  e  a  thorough  rc-examinatiou  of  the 
ground  so  far  as  the  supcrtiuial  deposits  were  concerned,  but  this 
has  occupied  much  less  time  than  would  have  been  required  if 
tbo  re-examination  of  the  .solid  rocks  also  had  been  imdertiiken. 
Notes  were  made  on  the  tield-maps  as  to  tiie  present  state  <if  the 
land,  wh(  tiler  nntlfr  gra.ss,  i  illago,  ete.,  and  also  lus  to  the  eliaraeter 
of  ihi' sciK  ho  far  as  this  eould  be  determined  by  traM  i  sc  only. 

It  w;i.s  observed  that  iu  this  district,  as  in  most  parts  of  ihc 
United  Kingdom,  the  area  under  tilk^e  has  evidently  decreased 
greatly  of  late  years,  while  the  area  of  grazuig  land  has  corres- 
pondinj^dy  increased,  and  is  largely  occupied  by  dairy  farms,  from 
whieh  a  large  proportion  of  the  milk-supply  of  Dublin  is  ilrawn. 

The  greater  part  of  the  area  in  Slicel  112  is  an  iiiuhilating 
])lain  or  Lower  Cai  bonifuruus  ri»el\s  inoru  ur  le.ss  (iei  jily  drift- 
eoverod,  but  the  sou  I  horn  side  includes  ihe  northern  margin  of 
the  Leinster  Granite,  with  strips  of  the  Older  PalaQozoic  rooks 
fringing  the  granite  on  the  east  and  on  the  west,  and  in  this 
district  the  ground  becomes  raountainous  and  the  drifts  more 
irregularly  disner.sed.  The  plain  is  trenched  by  ili<^  valleys  of 
(he  Tolka,  LitVey  and  Dodder  Uivers  discharging  into  Dublin 
IJay,  while  the  easterly  pjirt  of  the  hilly  tract  is  drained  by  small 
streams  fulling  into  Killincy  liay.  On  the  north  side  of  Dublin 
JUy  the  rugged  penuisula  of  Howth  with  its  attendant  islet  of 
Ireland's  Eye,  composed  of  the  Older  Paliieozoic  rocks,  lies  within 
the  sheet.  The  shape  of  the  ground  has  nrofoundlv  influencetl 
tlu^  cliaractcrs  and  mode  r^f  oeenrrence  of  tlic  glacial  deposit.s,  .so 
thai  the  study  of  the  ]>hysio;_ri  apliy  aud  of  the  glacial  geology  of 
the  district  arc  clo.sely  inlcrlinke^l. 

The  area  siu'vcyed  was  divided  out  among  tlie  members  of  the 
fiold-staft* as  follows: — ^Mr.  Kilroe  mapped  tne district  extending 
fr<»in  the  south-west  subm'l>s  of  Dublin  to  the  southern  mai^n 
of  the  sheet,  including  the  coast-lino  from  Merrion  through 
Kin'_'siown  to  thesoutli  side  of  Kmiiiey  Riy  (six-inch  Sheets  -J.S 
and  ■2i)),  and  also  an  inland  ii'a<'t  on  tlu-  lower  slopes  ot'  the 
Dul)iin  AbjunUiins  extending  wesLward  lu  Jiatlifarnliain  (tastcrn 
half  of  Sheet  22).  Mr.  Mcllenry  e.snmined  the  central  dist  rict 
(six-inch  Sheet  18),  including  the  City  of  Dublin  and  its  suburbs 
north wanl  to  the  Tolka  Valley  and  westward  along  the  Liffey 
Valley  to  Chapelizod,  with  tlie  ground  to  the  .southward  (western 
half  of  Sh«M  f  ^2'2)  up  to  the  foot  of  the  hills,  and  we.stward  north 
of  Tallaglit  to  the  m  u'gin  of  the  map  (north-ea.st  corner  of  Sheet 
21).  Mr.  Seymour  and  Mr.  Wright  divided  between  thuni  the 
northern  and  western  margin  of  the  map  &om  llowth  westward 
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beyond  Blanchardstown  (S.  |wi,rt  of  six-inch  Shoots  13,  14,  Mr. 
and  15,  witli  vShect  Ui),  and  thence  southward  to  Clondalkin  l-'unpl'i^'li, 
(E.  pirr  f>t'  Sheet  17)  ;  these  oHicers  likewise  surveyed  tlio 
mountainous  ground  on  tlie  south  l>cl\\ieen  Glenastnole  and 
Stepasidi^  (^north  part  of  six-inch  Sheet  25).  Mr.  LiimpluL'h 
mapped  a  sinall  tract  in  the  oztremo  8outh->w€st  comer  of  the 
shoot  (parts  of  six-inch  Shoots  21  and  24),  and  also  undertook 
<]^en<>ral  charge  of  the  field-work,  instructing  and  advising  the 
otHcei-s  in  respect  to  the  mapping,  and  inspecting  the  work  when 
done. 

The  previous  literature  relMtiuir  to  the  drifts  of  this  district  is 
extensive,  tlie  line  cuasL  scctiuns  and  tin*  hi^di-icvel  shelly  gravels 
of  the  niu»inUiin  slopes  luiving  received  especial  attention.  In 
the  forthcoming  memoir  full  reference  will  bo  made  to  this 
litoraturo,  and  meanwhile  it  will  suttice  to  mention  that  among 
tlie  chief  (contributors  to  the  subject  have  been  the  Ucv.  Maxwell 
II.  Close,  J.  Kelly,  the  Rev.  Canon  Grainger,  G.  H.  Kinahan, 
Pr.>f  K.  Hull.  A.  lieU,T.  Mellard  Keade,  Prot:  W.  J.  ISollas,  and 
K.  Lloyd  Praeger. 

In  order  to  make  clear  certain  detiiiled  results  to  be  afterwards 
reconled,  which  wvm  obt^iined  severally  by  the  al>o\ c-nionticmed 
othcers,  it  will  be  advisiible  to  give  rirst  a  brief  outline  ot  tho 
brooder  features  of  the  diifb  deposits  of  the  neighbourhood  of 
Dublin. 

From  tho  northern  margin  of  the  map  up  to  the  foot  oi  the 

mountains,  the  prevailing  material  is  a  tough  dark  boulder-clay, 
highly  calcareous,  Ixjth  in  the  matrix  and  in  the  included 
stone?.  This  boulder-clay  represents  tho  cnislicd  material  ot 
CarlM)niferous  Limestone  an<l  its  a<'i  ompanying  shales,  but  it 
usually  conlains  also  a  few  fragments  of  Silurian  grit,  Old  lied 
Sandstone,  and  various  uitrusive  rocks  transported  from  beyond 
the  limits  of  the  limestone.  Though  moulded  upon  or  i^ainst  the 
bolder  roc;k-features,  it  tills  up  and  obliterates  all  the  minor 
inequalities  of  the  rock-surface,  forming  smooth  gentle  slopes 
descend i n-^' trra finally  toward  the  main  drainage  hollows  of  tlie 
inland  tlislricts  and  eastward  toward  the  sea.  It  appears  at  one 
time  to  have  obliterated  all  the  minor  stream-courses  of  tho 
district,  and  also  the  sharper  features  of  tho  principal  river- 
valleys,  tho  present  streams  naving  in  most  cases  re^oxcavated 
chjimiels  through  the  boulder-clay  which  sometimes  coincide 
with  their  former  rock-channels  and  sometimes  do  not.  The 
s!no')tli  r<  :ttiireless  surface  of  the  boulder-clay  usually  gives  no 
indieation  as  to  the  thickness  of  the  drift,  the  solid  rock  being 
hi  some  places  within  a  toot  or  two  of  the  surface,  while  in  other 
places  it  may  be  buried  to  a  depth  of  100  feet  or  more ;  it  is 
usually  found,  however,  that  the  deposit  is  thickest  at  the  lower 
lcv«;l,  and  thins  away  toward  the  crests  of  the  smooth  rounded 
swells  wbich  form  the  minor  watei'sheds  of  the  Carboniferous 
]>lain.  so  that  on  tlies<;  crests  tho  rock  is  often  only  tliinly 
sprinkled  with  tlrilt.  Tbe  limcslune  also  cro]>s  out  in  a  few 
curiously  bold  bosses  along  the  northern  niuigin  of  the  map. 
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Mr.  whoro  iniussivo  pair  crvstalliiio  liincstoue  haviiiLT  (li<.'  niuclj  dis- 

and'^tolf'  cvissctl knoll-Ktrucluru  '  uccur.s  uiiionj;  the  tliiidy-l>uddtjd  shaly 
Calp  Limestone.  Glacial  strijc  were  observed  in  numerous  places 
benoath  this  boulder-clay,  and  these  mdicate  a  generol  move- 
ment of  the  glaciating  agent  from  about  N.N.W.  to  S.S.K  over 
the  phiin,  ie.,  from  the  interior  toward  the  sea.  As  will  presently 
appear,  however,  this  direction  rhiins^'os  on  the  eastern  tl.ink 
of  the  ni'»imlaiiis ;  and  \m\h  to  the  iiorlhward  and  southward  of 
tlic  pruscuL  map  the  .striie  indicate  an  ice-tiow  rougldy  |mrallel 
to  the  present  coast-line. 

The  homogenous  character  of  the  boulder-clay  is  lost  as  wc 
leave  the  luaestone  plain  and  enter  the  granite  country,  owin^, 
in  the  western  part  of  the  dbtrict,  to  the  admixture  of  granitic 
and  other  local  detritus  (which  curiously  hugs  the  slope  of  the 

hills  and  never  extends  beyond  a  veiy  short  distance  on  tlie 

plain),  and  in  the  eastern  ])nrttfi  the  incoming  of  a  bonlder-elay  ot 
ditVcrrnt  coiupoijition  wiiicli  appears  partly  to  replace  and  partly 
to  luiduiiic  the  limesLune-uliiy. 

Mr.  Disconnected  patches  of  stratified  drift-material  make  their 

Liuitplugfa.  appearance  hero  and  there  over  every  part  of  the  drift-plain,  and 
evidently  represent  the  local  sifting  of  the  ice-borne  detritus  by 
flowing  water.  Thia  local  sifting  has  taken  place  during  the 
accumulation  of  some  of  the  boulclor-clay  as  well  asin  later  times. 
In  the  former  case  the  iissorted  material  has  prol>al>ly  been 
derived  directly  from  the  melting  ice,  and  in  the  latter  from  the 
washing  down  of  the  previously  deposited  clay.  It  ha.s,  therclbro, 
been  found  uossible  in  most  crises  to  make  a  rough  classification 
of  the  graveb  according  to  age,  though  in  places  where  gravels  of 
difierent  age  are  conterminous  their  separation  was  scarcely 
practicable. 

'   On  the  drift-plain  north  of  the  Liffey  the  stratified  material 

occurs  chiefly  in  ellipticid  mounds  or  short  ridges,  sometimes 
arrani^-ed  in  clusters  and  soTnctiraes  rudely  lineated,  and  often 
associated  with  outerops  of  tlie  solid  rock-floor.  Owing  to  the 
clayey  character  of  the  residual  soil  formed  from  the  dewiy  of  the 
more  or  less  argillaceous  limestone-pebbles  which  preponderate 
in  the  gravels,  there  is  frequently  little  or  no  surface  mdication 
that  these  mounds  differ  in  composition  from  die  sunoundinff 
boulder-clay  tract, ;  but  .so  many  open  sections  of  gravel  and 
calrMTcniis  sand  were  observed  in  them  that  there  can  be  little 
douUL  i  la  se  niound-feat  urus,  where  not  Ciiused  by  1>orscs  of  solid 
ro<  k,  are  nearly  always  due  to  the  presence  of  a  core  of  stratified 
drift,  and  that  in  this  district  there  are  few  or  no  true  **  drumlins  " 
of  boulder-clay.  These  mound-gravels  may  rest  either  on  houldor- 
clay,  or  on  the  solid  rock.  In  three  or  four  instances  where 
sect  ions  were  exjxxscd,  their  lower  flanks  were  seen  to  l)e  enwrajnxKl 
and  covered  liy  the  higher  poi  tion  of  the  boulder-clay,  with  a 
more  or  less  graduid  passa-^'o  downward  and  inward  from  the 
unstratilicd .  into  the  stratified  drift.  The  bedding  of  the 
mounds  is  generally  arched  in  the  same  direction,  though  not  so 
steeply  as  the  surfaces    They  present,  in  shorty  all  the  usual 
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"  kiiTTic-stmcUircs,"  iind  must  be  closely  associato<l  in  ncfo  and  Mr. 
mode  ot  orij^in  with  the  coutinuous  eskor-ridgo  south  of  the  Lwuplu-h. 
Lirtby,  next  to  be  noticed. 

Tlie  most  northerly  indications  of  this  cskcr,  in  the  country 
examined,  appear  to  be  the  irroi^ular  gravel  mounds  and  ridges 
seen  on  botn  sides  of  the  LitVi  \  \':dloy  near  Chiipelizod,  but  Uie 
contiinious  cnilmnknient-liko  ridge  sets  in  at  Drinuia^^h,  about 
a  mile  furtlior  south,  and  runs  southward  thence  with  a  simmns 
course  for  nciirly  three  miles,  tu  tlie  Dodder  Valley,  whik*  its 
proloiipition  south  of  that  river  is  again  indicated  by  broken 
moimcl^'  ground,  trendiu^^  now  to  t  he  ciist ward.  The  characteristic 
esker-structure  is  beautifully  displayed  in  the  numerous  loixgo 
gravel-jnts  oikiu  il  into  this  ridge.  Though  usually  resting  on 
boulder-clay  this  esker  crosses  a  low  ridge  of  limestone  aoout 
mid-way  in  it^i  course,  and  the  fortunat*-  oceurrrnco  of  a  de<'|)  pit 
at  this  point  reveids  new  evidnicc  ct  much  inti  resL  It  is  here 
seen  tliat  the  gravel  in  the  middle  ot  the  ridge  rciits  upon  a 
battered  luid  water-worn  floor  of  limestone,  but  that  a  few  yards 
outward,  towards  the  western  side  of  the  esker,  the  bottom  gravel 
pisses  into  gravelly  clay  full  of  scratched  stones,  resting  Upon  a 
well-scrait(;hed  rock-surface. 

Hero,  then,  isdcHnite  proof  that  at  this  point  the  waters  carry- 
ing' I  lie  gravel  wort*  at  ground-level,  an(l  also  apjwirently  tliat 
they  were  hemmed  in  by  ice  at  the  margin  of  the  ridge. 

In  approaching  the  mountains  the  drifts  show  a  rapid  increase 
in  stratified  material,  and  at  the  highest  levels,  they  usually  end 
off  up^n  the  hills  of  granite  and  slate  in  thick  irregular  masses 
of  Simd  and  gravel,  com posi  d  (if  the  materials  of  the  limestone- 
drift  miuglcHl  with  local  <li  ti  ilus  and  with  a  few  far-travelled 
stones.  Tno  presciK  e  of  shell-fragments  in  this  portion  of  the 
drift,  at  elevations  up  to  1,200  feel,  has  been  the  subject  of  nmch 
discussion,  and  is  usually  held  to  imply  a  submergence  of  the 
land  to  this  extent;  but  the  position,  mode  of  arrangement,  and 
contents  of  shell  1m  arinu'  drift*,  as  well  as  the  general  tenour  of 
till"  physiographical  evidence,  is  (piitc  ineompiitible  with  the  view 
that  they  represent  marine  deposits;  while  on  the  other  hand  the 
faeUs  all  converge  to  prove  that  we  are  dealing  with  the  marginal 
phenomena  of  an  icc-shcet. 

Excellent  sections  exhibiting  the  relationship  between  the 
high-level  and  low-level  drifts  arc  exposed  in  tlie  high  river- 
banks  of  the  Dodder  in  Glonasinolc,  and  in  the  glens  of  the 
mnuntaiti  stnvuns  wliteh  join  th<^  Dodder  at  lliithfariiliam. 
At  the  edge  of  the  plain  tli^se  usually  show  the  intercalation 
of  gravel,  Siind  and  silt  between  twu  huultler-clays,  and  the 
nipid  thickening  of  the  stratilied  material,  at  the  expense 
especially  of  the  upi^er  boulder-clay  in  parsing  up  the  valleys, 
until  finally  the  u[)^K'r  clay  disappears  cntuely.  The  gravels  then 
o<  eu])y  the  surfa<re  in  a  moundy  belt,  overla)i|!iii'_^  the  lower  clay 
and  cndin<4'  nfV  on  the  slopes  or  in  the  hi^ni  cols  of  the  solid 
rock.  Similar  pbenomena  on  a  smaller  scale  arc  seen  on  the 
northern  side  of  the  ruek\  promunlurv  of  liowth,  where  a  thick 
shell-bearing  sand  and  gravel,  biUiked  against  a  rock-slope 
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Mr.  ojiposilu  ill'  iiioiitli  .(l  a  wide  hollow,  is  seen  to  fade  out  latomlly 

Lamplugb.  between  two  U>uUlur-clii)ii.  Where  tlominateil  by  steep  rock- 
slopos,  tho  drifts  are  usually  overspread  and  more  or  less  inter- 
niixod  with  loctil  rubble,  which  appears  to  have  boon  washod 
down  the  hillsides  by  rain  and  Hoods  both  during  and  after 
the  formation  of  the  upper  part  of  the  drifts. 

Besid<'s  the  jjcravels  associated,  as  above  described,  with  the 
l>oulder-cIny.  there  are,  in  several  parts  of  the  dislriet,  tracts  (d' 
gravel  of  later  aL^e,  but  still  of  considerable  anti(piity.  Tlie.su 
ffravols  overspread  tlxe  drifts  in  flat  sheets  occupying  com  {mrativcly 
low  and  de])res8od  ground,  but  yot  usually  outside  the  contines  of 
the  present  river  valleys.  They  are  clearly  associated  with  the 
raj)iu  deiuidation  which  took  place  when  tho  land  Wiis  oneo  more 
laid  Iwire,  but  before  the -st  reams  had  re-excavated  pro|>er  chaiiiiels 
and  were  com]>aratively  uneoMtint;d.  The  largest  trad  of  this 
kuid  in  the  present  map  lies  immediat<jly  to  the  south  of  llathfam- 
ham,  and  represents  the  gravels  suddenly  thrown  down  by  tho 
Hooded  raoimtain-strtaiiis  on  reachiuL,'  the  foot  of  the  slope. 
From  the  gravels  of  this  character  to  tlie  high-level  river  gravels 
then'  is  oftt  ii  but  a  step,  and  the  latter  descend  hy  snccossiv(»1y 
lower  Irrraecs  to  the  recent  alhivium,  as  is  exceUently  seen  in 
the  valleys  of  the  Dodder  and  the  Litiey.  Thus,  from  the  ]>eriud 
of  de|H)siLi()n  of  the  high-level  drilts  to  the  present  lime, 
there  IS  clear  proof  of  uninterrupted  land  conditions,  except  in  a 
narrow  strip  along  the  Coast-line  where  an  ancient  sea-beach, 
raise<l  a  few  feet  above  present  high-tide  level,  is  distinctly 
marked. 

A  strikin«jf  but  hitherto  neglected  ihm  uharity  of  the  flistriet 
aruund  the  loot  of  the  mountains,  is  the  presence  of  numerous 
short,  doop,  water-cut  gorges  with  precipitous  walls,  notching 
across  pro,  ectii^  spurs  of  the  granite  and  slate  rocks  in  positions 
where,  under  existmg  circumstances,  no  stream  oould  flow.  The.se 
are  now  either  quite  dry  or  occupied  only  by  a  mere  trickle  of 
the  rainfall-water  eollected  witliin  them.  There  seems  to  l>e  no 
other  possible  ex|<lanation  lor  these  «:'orgos  than  that  they  wore 
excavated  by  powerful  streams  either  draining  directly  across  the 
ice-sheet  or  ropresentii^^  the  ov^ow  from  the  small  lakee  held 
in  between  the  hills  on  the  one  side,  and  the  margin  of  the  ice- 
sheet  on  the  other,  after  the  manner  made  familiar  by  tho  recent 
geological  explorations  in  Greenland  and  8|)itzhergcn. 

In  the  S.W  .  conier  of  the  map,  notches  of  this  kind  arc  eon- 
spieuous  on  the  sli>pes  of  Slievenabawiioge :  on  the  opposite  sitle 
of  Glenasmole  a  very  line  example,  with  walls  90-100  leet  high, 
cuts  tho  ridge  south  of  Montpelier  House  at  an  elevation  of  1,035 
feet ;  others  occur  on  the  lower  spurs  of  Three  Bock  Mountain ; 
and  a  small  but  topical  example  at  a  lower  elevadon  gashes  the 
low  ridire  (jf  granite  one  mile  south  of  Carrickininos. 

Advantuge  ntay  be  taken  of  tliis  op|>ortunily  to  st-jite.  with 
little  hesit^ition,  thai  the  pieluresipic  and  nnich-visited  gorges 
of  The  Scalp  and  The  Glen  of  the  Downs,  lying  resjxjctively  one 
niile  and  seven  miles  to  the  southward  of  mo  margin  of  the 
district  at  present  under  examiriation,  may  be  assigned  to  the 
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Wime  agency,  and  that  these  exhibit  tlic  cliaracteristic  features  of  Mr. 

** overflow  channels"  on  the  *,^randcst  scale.  Lamplugh. 

The  study  nf  the  present  river- valleys  of  the  district  has 
yiel(l(Ml  soino  iii,s( ruftive  resiills  in  r«>'j^rird  to  its  pc»st-glaeial 
deuudution.  The  pre-glacial  valleys  of  the  LitVoy  and  tue  Dodder, 
within  Sheet  112,  ap|)ear  to  have  coincided  in  most  places  with 
the  present  valleys,  so  that  these  streams  have  been  mainly 
occupied  since  glacial  times  in  clearing  out  the  drift-material 
with  which  they  were  chrikcd.  1  fere  .iiid  there,  hnwr-vf^r.  ihcy  liave 
swerved  Irom  the  original  channels  in  tin?  process;  as,  for  example, 
at  Palmerston  where  the  Liffey  at  iu  sharp  elbtjw  lias  eul  a 
deep  ravine  in  the  Carboniferous  Limestone,  while  there  arc 
incbcations  that  its  drift-filled  pre-glacial  channel  lies  a  little  to 
the  northward  of  the  present  river.  The  southerly  tribuUirios  of 
ilu>  Dodder  appear  also  for  the  most  part  to  be  following  their 
old  courses ;  with  an  occasional  striking  divergence,  as  where  the 
little  stream  from  Piperstown  swin«^  awaiy  from  its  drift-tilled 
depression  and  plunges  through  a  deep  ch»ism  across  the  spur  ot 
slate  to  join  the  Dodder  near  Fort  Bridge.  But  in  the  irregular 
ground  between  the  southern  shore  of  Dublin  Bay  and  the 
mountains,  the  old  drainage  system  is  much  confust  d,  and  the 
sUXMims  have  carved  new  channels  for  themselves  in  the  granite 
in  many  places.  North  of  the  LitVey  also  tlio  Tolka,  for  the 
grwittr  part  of  its  eonrso  in  Sheet  112,  occupies  a  new  channel, 
cut  through  the  drift  iut  >  iho  limestone,  and  nodotinitc  cvitienco 
is  3'ct  forthcoming  lus  to  its  pre-glacial  course. 

Tlio  general  conclusion  to  be  drawn  from  the  post-glacial  work 
of  the  streams  is  that  a  comnarativoly  long  period  must  have 
passed  since  the  recession  of  tne  ice  from  the  district 

Tlie  more  important  of  the  local  observations  of  the  several 
members  of  the  Irish  statl"  with  some  individual  conclusions 
which  have  not  found  place  in  the  preceding  Saimna'ry  will  now 

bo  given. 

In  the  south-western  corner  of  the  district,  just  beyond  the 
margin  of  Sheet  112,  Mr.  Lamplugh  found  that  the  projecting 
spur  of  the  mountains  lyin^  west  of  Glenasmolo,  composed  ot 
tne  slate  with  i^^meous  intrusions,  was  in  pirt  capped,  to  a  depth 
exoeodil^  12  fVot  in  one  section,  by  stiti  calcareous  till  contain- 
ing many  striated  boulders  of  Carboniferous  Limestone.  This 
boulder-clay  reaches  an  elevation  of  over  1,100  fcut  above  (),D., 
although  the  steep  sides  of  the  sjjur  arc  free  from  drift.  This  is 
the  greatest  altitude  to  which  the  limestone  boulder-clay,  as 
distinguished  from  the  stratified  drift,  has  yet  been  traced  As 
the  high-level  drift  usually  consbt«  of  <^vel,  sand  and  local 
rock-rubble,  which  maxiy  observci's  hasitato  to  recognise  as 
glacier-homo,  the  presonee  at  tliis  altitude  of  typical  bonlder-clav 
whicli  w«tiil(l  Ije  generally  acknowledged  as  tlie  diieet  pnxbict  of 
land-ice,  is  of  importance  in  proving  that  the  icc-shcet  must  have 
been  sutiiciently  thick  to  reach  the  level  of  the  highest  gravels. 

In  the  south-eastern  part  of  the  sheet  the  tract  of  82*2  square  Mr.  Kilrae. 
miles,  surveyed  by  SCr.  Kilroe,  is  mainly  underlain  by  granite, 
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Mr.  Kiln»e.  over  which  the  (h-ilis  an*  soimnvliat  irmjf!)1arlv  distriljuled.  The 
followiiiLj  useful  l^ihlo  cuiiipilril  hy  this  ollie<5r  will  serve  to  show 
the  relative  jircii  of  the  Mii  ious  superlicial  deposits  aud  of  the 
solid  rock : — 
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With  regard  .to  tbo  area  shown  nn  bar©  rock»  however,  Mr. 
Kilroo  remarks  that  even  hero  there  is  usually  a  sprinkh'ncf  of 
grit  and  limestone  j>chhles,  and  that  where  the  rocK-snrtaee  is 
tnieven,  the  "pockets"  contain  transported  driff,  wliilo  a  thin, 
lor.dlv-fnrnicd  clayey  nihhlc  occurs  in  many  places  where  it  is 
nutcsNJiry  to  map  the  ground  as  rock.  The  "dry  gaps  "  in  the 
granite  south  of  Carrickraincs,  to  which  reference  has  previously 
been  made,  are  thus  deficribod : — **  Two  of  these  cut  across  the 
rock-ridge  which  is  sepu  atod  from  the  mountains  hy  KJltieman 
valley.  They  run  parallel  to  each  other  in  a  S.E.  direction,  and 
in  the  lowcsf  part  prosoTit  just  a  nnticoahlo  slope  towards  the 
south.  The  more  Ciisu  i  ly,  known  as  the  Dingle  Glen,  is  a  steep- 
sided  ravine  with  a  siiikiugly  fresh  c^istorn  face  of  rock,  in  parts 
almost  verlical,  and  throughout  strewn  w  ith  recent  granite  talus. 
The  ground  above,  sloping  gently  towards  the  gap  on  bodi  sides, 
is  almost  bare  rock,  except  on  the  &W.  side,  where  it  carries  a 
thin  coating  of  local  drift.  ThB  hot  t  oi  ■  i  of  the  glen,  about  50  fcot 
from  the  crest,  is  covered  with  recenl  alluvium.  an(l  near  its  exit 
southward  occurs  a  deposit  of  clay  witii  houkh'rs  of  limestone 
well  as  gjauite.  That  the  very  recently-formed  ii])}M'arau(  o  has 
hcen  gi\  on  to  this  glen  by  the  rush  of  water  attendant  u|x>n  the 
melting  of  the  ice  sheet  there  can  be  little  doubt  The  deposit 
of  boulder-clay  at  the  southern  exit,  however,  seems  to  mo  to 
preclude  the  conception  that  the  glen  owes  its  origin  to  any 
material  extent  to  gla<  ial  dtmudation.  The  '^cmnd  glen,  Ghnia- 
muck,  is  not  so  st rikiiig  a  feature,  though  the  origin  of  both  i.^ 
in  all  prohahility  identical;  and  at  each  end  rests  a  covering  ol 
boulder-clay  containing  grit,  hlack  chert  and  other  travelled 
pebbles,  mmglod  with  boulders  and  talus  blocks  of  gianita 
Another  .short  gully  in  the  granite  near  Sandyford,  of  sornewhat 
ditlerent  chara<'ter,  nuist  have  been  in  existence  before  the  close 
of  (he  Glacial  Period,  as  one  of  its  rocky  slopes  is  glaciated." 
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Tn  cxamininfj^  the  Irequeiitly-described  cliff'-stvi ions  south  otMi.KUroe. 
Killincy.  Mr.  Kilroo  paid  close  atlenUon  to  the  proposed  sub- 
division of  these  drifts  into  "  Upper  Boulder- clay,"  "  Middle  Glacial 
Sand  and  Gravel/'  and  "  Lower  Boulder-clay,"  but  found  that 
-  those  divisions  were  too  changeable  and  iuipoi  sisiont  to  bo  used 
in  mapping  the  deposits.  He  observed  that  V)ands  of  more  or 
less  stony  clay  and  silt,  with  all  the  characteristics  of  bouldt  r-clj^y 
are  iiitereulutod  and  "  dovetailed  "  with  the  layers  of  sand  and 
i(ravel ;  and  found  reason  to  doubt  "  whether  the  lowest  visil>le 
boulder- clay  in  the  whole  extended  section  constitutes  the  orig- 
inal base  of  the  sand  and  gravel  deposit,  if  indeed  a  *  basement 
clay '  in  this  scnso  have  any  existence  here."  The  lowest  visible 
band  of  clay,  liowever,  presentvS  some  peculiar  characteristics. 
Tliough  mostly  dark  grey  or  slate  coloured,  some  portif>Tis  ()f  the 
clay  are  purple  passing  into  red,  in  such  a  manner  as  to  suggest 
that  the  red  t  <»ioiu^tion  is  duo  to  progressive  wealhering.  "  A 
remarkable  feature  of  the  rod  houlder-cmy  at  one  point  is,  that  it 
oontains  largo  irrogidar  masaea  of  purple  boutder-clay,  with 
sharj^y -defined  ouuinQS — true  boulders,  m  some  cases  sharply 
firactured,  the  gaping  cracks  beinj^  filled  with  sjind,  gravel  or  clay 
from  the  surrounding^  matrix.  Tlicse  clav-bouldcrs  sbow  lamina- 
tion or  a  flaky  structure,  and  are  cjisily  di.stinguislm!>l(!  I'roui  the 
sinrounding  red  clay  when  once  noticed,  not  only  by  a  .slight 
diftercncc  of  colouring,  but  in  this  also,  that  the  masses  are  highly 
calcareous  and  the  contaimng  clay  not  so.  The  stony  contents  of 
both — chiefiygroen  grit  and  siatc  and  granite  fragments— are  alike, 
Yrora  which,  as  well  as  from  tlie  fact  that  some  of  the  enclosed 
ma.sso8  show  fringes  coloured  red  around  cores  of  purple  elav,  it 
is  inferred  that  the  red  clay  is  a  more  highly  oxidised  form 
of  the  purple  material.  The  alteration,  however,  is  ni>t  usujilly 
b;^  gradual  oncreachment  of  oxidation  and  decalcification  from 
without,  but  through  the  matrix  having  und^^^ne  vicissitudes, 
re-arrangomont,  &c.,  not  experienced  by  the  iu(  luded  masses." 

Mr.  Kilroe  considers  that  these  remarkable  clay-bouldors  uflford 
material  aid  in  tmravelling  the  history  jni<l  mode  of  deposition  of 
the  scries.  He  tinds  that  the  peculiar  boulder-elay  which  is  ex- 
tensively dug  fur  brick-  and  tile-making  at  Kill  ol  the  Grange, 
2J  miles  inland,  W.N.W.  of  Killiney  (fully  described  by  Professor 
SoUas,  and  Mr.  R.  L.  Praogor  in  Irish  Naturalist  Doc.  1895)  is 
**  ahnost  if  not  quite  identical  with,  and  strikingly  similar  to  that 
wln'eh  enmpo.scs  the  included  mas.scs  of  the  Killiney  section,"  and 
therefore  concludes  "  there  am  be  little  room  to  doubt  that  the 
masses  have  been  severed  from  a  deposit  similar  in  every  way  to 
that  at  Kill  .  .  .  This  bciiig  admitted,  the  conclusion  is  in- 
evitable that  the  Kill  of  the  urauge  dejjosit  dates  further  back,  in 
the  series  of  glacial  episodes,  than  the  Killiney  sands  and  gravels, 
and  is  anterior  to  the  Uiyera  of  boulder-clay  interstratified  with 
them ;  and  this  leads  to  tlic  further  inference  that  the  deposit  in 
question  is  a  true  Lower  Houldor-clay." 

With  regard  to  the  snnds  .md  gravels  of  the  Killincy  section, 
which,  as  previous  oi>servcrs  have  noticed,  are  steeply  tilted  in 
one  part  of  the  section,  and  almost  horizontal  in  another  part, 
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Mr.  Kilroe.  Mr,  Kilroo  hiis  noticed  some  curious  fctiturcs  indicating  the  dis- 
tiirbanco  and  breaking  up  of  tlio  deposits  when  frozen.  *'  Thiis, 
fij»uros  woro  formotl  in  stratified  sand  and  gravol,  and  filled  with 

dykci-hUe  (onjrues  of  gravel  or  of  day,  a  remarkable  example  of 
wliich  is  to  be  seen  in  the  seji-clitV  at  tlio  railway  station  iit 
Killiiioy.  Wliat  is  so  roninrknble  in  this  instance^  is  that  wliile  t1ici 
cl.'iy-tnni^Mio  is  nliviinisly  siraliried  and  the  strat ilical inn  is  luriher 
marked  by  an  included  layer  of  gravel,  the  tissure  seems  to  have 
been  filled  from  boneath,  a  drciimstanco  difficult  to  explain/" 
In  another  place  it  was  found  that  the  red  boulder-clay  above 
doscribed  had  been  cuiioiisly  invaded  by  coarse  unstratified 
gravel  or  shingle,  which  had  filled  a  gap  about  eight  feet  wide : 
the  itifU'trins  of  the  i^ap  were  vertical,  and  shar]»]y  jaq'trcd  and  rent, 
the  sliiiiLrle  passinL,''  insensibly  upward  into strat itied  irra\c1  wliit  li 
was  in  lurn  capped  by  an  upper  siuidy  clay.    These  and  kindred 
facts  lead  Mr.  Kilroe  *'  to  picture  the  phenomena  attendant  upon 
the  decline  of  glacial  conditions  in  this  (Killiney)  district  as 
follows 

1st.— A  lower  botilder-clay,  broken  up  and  denuded  in  connection  with 

the  formation  of 
2nd. — Sauds,  p-avels  and  bouldcr-oiay  layers. 

3rd.— Breaking  np  of  bonlder-clay  laycrsj  and  roarrangement  of  gravels. 

Ith.— ripoH,  {?ats,  or  pot-holes  in  3rd  series, 
fith.  -UontinuatioQ  of  aand  and  gravel  deposit. 
(>th. — Upper  clay. 

"Perhaps  the  best  way  of  accounting  lor  the  se(|ncnce  of 
phcnuuiena,  thus  shown  to  be  in  some  sen.so  recognisjible,  is,  l)y 
conceiving  thiit,  following  the  deposition  of  the  lower  boulder- 
clay,  and  during  the  meltins  of  the  great  sheet  of  land-ice,  there 
were  deluges  which  carried  off  the  finer  matter  (clay,  silt,  «S:c.), 
and  deposited  layers  of  stratified  gravels,  alternating  with 
una.ssorted  materials  now  forndn^j^  boulder-clay;  and,  possibly, 
also  temjK)rarily-f(»rmed  lakes  with  frozen  margins,  in  which 
were  laid  down  the  finer  sediments,  into  which  stones  were 
occasionally  dropped  from  small  floating  ice-rafts  or  bci*gs." 
The  detached  clay  masses  are  considered  to  have  been  torn 
from  steep  hanks  of  frozen  clay,  eroded  by  these  flotxls.  ^Ir. 
Kilroe  is  opposed  to  the  view  that  the  recurrence  of  bcjulder-clay 
among  the  sand  and  gravel  is  here  attrihiitahlc  to  alternating 
advances  and  retrocession  of  tlio  margin  of  tliu  ice  sheet. 

The  presence  of  marine  shells,  mostly  fragn»entary,  which  are 
sparsely  scattered  through  both  the  lower  boidder-clay  and  the 

f ravels  at  Killiney,  has  been  noted  by  manv  previous  observers, 
[r.  Kilroe  considers  that  the  boulder-clay  should  be  regarded  as 
the  source  of  these  shells,  "and,  info  rent  i  ally,  that  it,  or  the 
materials  C(im])oshig  it,  woro  originally  laid  down  on  the  sea-floor 
and  snl>sL'(.|uently  pushed  np  over  ihv  land";  and  that,  from  ilio 
denudation  of  tliis  clay,  the  shells  in  the  gravels  have  been 
derived. 

The  upper  boulder-day  of  the  Killiney  section  is  yellowish  and 

sandy,  and  in  some  {)Iaccs  contains  numerous  large  blocks  of  the 
local  granite.   It  is  usually  greatly  dcc«ilcilied  and  oxidised,  and, 
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near  Killincy  Sf^ition,  rests  upon  the  truncatefl  edges  of  sand  and  Mr.  Kilroe. 
gravel  beds,  here  liiL^lily  inclined.  "  A  short  distance  south  of 
the  station  this  clay  sconis  to  attain  a  tlii<  kness  of  some  30  feet, 
which  is  quite  unusual  in  the  cntiru  section  or  elsuwhcrc 
in  the  district  It  is  probable,  therefore,  that  the  top  clay 
merges  imperceptibly  into  one  of  the  layers  of  the  boulder-clay 
(or  several  layers  combined)  wliich  are  included  in  the  sand  and 
era  vol  series:  for  wlien  those  layers  occur  near  the  top  of  the 
st'ction,  tliey  are  so  liiLrlily  oxidise<l  and  (leealcitied  >».r  to  become 
indLslinguishuble  from  the  clay  which  cans  the  Lauvels.and  lor  t  his 
rciison  is  entitled  to  the  appellation  of '  u  ppcr  iJoidder-clay.' "  At 
manjr  other  places  in  tho  district  a  boulder-chiy  up  to  10  or  12 
feet  in  thickness  was  seen  to  overlie  gravels,  but  whether  this 
represents  tho  upper  clay  of  the  Killiney  section  could  not  be 
determined. 

After  mentioning  and  stating  objections  to  the  various 

hypotheses  which  have  been  put  forward  to  explain  the  Irish 
drifts,  and  es})ocially  their  Lncluded  marine  shells  and  foraniinilera 
in  certain  loudities,  Mr.  Kilroe  writes  as  iullows: — 

"  Almost  the  only  remaining  probible  hyjMithesis  is  that  the 
materials  of  the  Kill  of  the  Gran«'e  clay,  and  similar  clay  at  other 
points,  hiis,  as  already  mentioned,  been  pushed  upward  as  moraine 
jyrofonde  from  tho  Irisli  Sea  bed,  and  if  this  view  be  accepted, 
It  at  once  accounts  for  the  fossil-  and  stone-  contents  of  the  clay 
and  subsequently-deposited  <:::raYels.  Tho  great  olistaele  to  the 
acceptance  of  that  hypothesis,  of  course,  is  the  |)re\alenco  of 
easterly  striation — the  only  direction  now  noticeable.  In  its 
fiivour,  however,  it  may  be  mentioned  that  in  coming  from  the 
westward  it  could  not  have  carried  the  materials  of  the  Kill  of  the 
Grange  clay ;  while  these  materials  are  exactly  such  as  could  have 
boon  accumulated  on  the  sea-floor  by  glaciers  descending  from  the 
marl  plains  of  Antrim  and  Down,  on  the  west,  and  those  of  tho 
Solway  region  and  ( 'lieshire,  prolwibly.  on  the  ejist,  as  well  as 
from  the  glens  of  Down,  Cumberland  and  Wales,  during  tho 
approaching  climax  of  glacial  conditions.  The  objection  to  the 
material  having  been  suD6oc[uently  pushed  up  over  Irish  land  is 
not  insuperable  if  we  conceive  that  such  an  accumulation  of  ice 
and  iiei'^  occurred  in  the  Cumbro-Cambrian  r(^on  as,  after  filling 
up  the  Irish  Sea,  tem]>orarily  overniastercfl  any  ice-flow  coming 
at  tho  time  from  Central  Ireland,  and  tbwged  the  sea  deposits 
inward  over  the  present  Irish  coast  line.  Tnis  westerly  flow  from 
Cumberland  would  become  reversed  as  the  Irish  ice-system  grew, 
and  would  unite  with  an  ice-stream  flowing  southward  along  the 
channel,  as  would  also  the  new  ea.sterl^  loc-flow  i'mm  Ccntial 
Ireland.  This  last,  continuing  probably  for  a  much  longer  period 
than  that  during  which  the  westerly  flow  over-rode  Irish  land, 
wordd  have  oblitA^rated  all  t  race  of  the  latter,  oxcepl  })ossibly  in 
the  spot.s  where  the  lower  boulder-clay  occurs,  where,  however, 
stria*  nave  not  been  found." 

Agricidtwiyd  Notes. — Tho  prevalence  of  Umestone  detritus 
profotmdly  aiiects  the  character  of  most  of  the  ground  in  this 
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XIr.  KUroe.  sheet  The  fertility  of  the  soils  derived  therefrom  is  mamfest 

in  the  luxuriant  park  timber  and  hodge-iows,  the  choice  and 
succulent  licr1)ji^^o,  wbicli  cluck  the  lower  portions  of  the  area. 
The  boul(l(?r-(;lay  soils  and  those  coveriii<^  the  various  (le}>usits 
of  limesLouc  gravels  are  niostlv  rich  brown  loams,  wiiicii,  though 
in  many  casus  highly  rotentivo,  do  not  manifest  grciit  need  of 
artificial  drainage. 

The  alluvial  deposits  consist  of,  or  yield  on  weathering,  rich 
sandy  loams,  heann?  a  luxuriant  herbage,  or  equally  luxuriant 
crops  wborc  tilled,  all  of  which  indicate  the  Ixineficial  effects  of, 
oeeasioiial  saturations  of  the  soils  with  lime-clian:^0(l  waters,  or  of 
top-dressings  with  tlood-silti?  drawn  from  limestone,  occurring 
either  jis  solid  rock  or  drifted  detritus. 

Skirting  the  small  areas  of  granite  in  the  lower  ground,  and 
on  the  hul  slopes  below  where  the  granite,  slate,  &c.  protrude 
above  the  drift,  the  soils  and  sub-soils  show  a  quantity  of  locally 
derived  material,  replacing  or  concealing  the  hmestone  boulder- 
clays.  The  soils  in  those  places  are  poor  ui  comparison  with  those 
derived  from  the  limestone  detritus,  and  bear,  wnen  not  manured, 
a  coarse,  un]>!t1  fit  able  herbage. 

Several  siunpies  of  soils  and  sub-soils  were  taken  during  the 
^  progress  of  the  Survey,  and  are  undergoing  examination,  tho 
resmts  of  which  will  appear  in  the  Memour. 
Mr.ll«Henry    The  area  of  forty-one  square  miles  surveyed  by  Mr.  McHeniy 
lay  almost  entirely  on  the  plain  in  the  central  part  of  Sheet  112, 
and  therefore  was  mainly  overspread  by  tbe  lunestone-boulder- 
clay,  though  diversified,  as  already  descril)ed,  in  the  western  part 
by  a  fine  esker-ridgc,  and  by  the  valle}^  of  the  Liffey  and  Docider 
with  their  post-glacial  fluviatile  deposits,  and  also  by  the  low 
raised  beach  along  its  seaward  margin.    The  central  port  of  the 
city  of  Dublin  is  placed  on  this  raised  beach,  or  on  the  river- 
deltas  conterminous  with  it,  hut  the  higher  parts  of  die  city,  with 
most  of  its  suburbs,  are  built  upon  the  gentle  slopes  of  boulder- 
clay  which  border  these  flats.    Although  the  bonlder-clay  over 
the  greater  ])arls  of  tbe  area  is  of  the  dark  blue  limostone-type, 
there  is  a  niarked  ciiango  of  character  in  certain  parts  of  tiie 
mass  as  we  approach  the  southern  margin  of  the  Carboniferous 
Limestone  tract.  Thus,  in  several  good  sections  in  the  bank  of  the 
tributary  streams  on  the  southern  side  of  the  Dodder  Valley 
between  Rathfamham  and  Firhouse,  a  dull  purple  tenacious  clay 
is  exposed,  resembling  that  of  tbe  Kill  of  the  Grange  brick-pits 
(above  descrilicd  by  Mr.  Kilroe).    I  his  elay  always  contains  a  few 
fragmentary  shells,  just  as  at  Kill  of  the  Grange  and  Killiney, 
whereas  no  sheDs  hiave  been  found  in  the  normal  limestone  clay. 
In  one  of  the  stretim-sections  it  was  traced  southward  to  Rock- 
1  )r(  >ok,  nearly  three  miles  south  of  the  Dodder,sometimes  underlying  . 
bands  of  tbe  normal  limestone-clay ;  and  it  is  highly  suggestive 
of  the  close  associMtion  <.f  this  clay  with  the  shelly  stratified  drift, 
that  we  should  find  some  of  the  principal  exposures  of  tbe  bigh- 
levol  shell-bearing  gravels  on  the  hill-slopes  witbin  a  uiilu  to  the 
S.  and  S.E.  of  this  place,  and  that  at  Ijurch  Hill  a  patch  of  clay 
of  similar  character  should  be  actually  included  in  tne  gravels, 
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Where  iho  Dodder  Valley  cnts  into  tlic  csker-ridge  some  line  Mr.McH«ury 
sections  are  exj)oscd  along  the  river-bank^ 

At  this  point  Mr.  McIIenry  observes  that  llic  material  of  tUo 
esker  has  been  entirely  derived  from  the  same  source  as  the 
boulder-clay,  the  included  stones  being  identical  in  character, 
and  both  showing  a  notable  absence  of  the  Loinstor  granite, 
nltbongh  this  local  gnmile  is  vf^y  e(>ns|>icn<>us  in  the  lato-glafial 
ti»Jod -gravels  and  subsequent  high-level  gnivels  of  the  Dodder, 
which  rest  on  erodetl  surfaces  of  the  oskor-graveis  in  iheso 
sections. 

Until  the  invcstii'ation  has  been  carried  beyond  the  limits  of 
the  present  area  uiero  is  room  for  unoertainty  whether  the 
current  which  deposited  the  graveUridge  flowed  northward  or 
southward,  but  the  probability  is  that  it  took  the  latter  direction. 
The  occurrence  of  a  water-worn  limestone  surface  beneath  the 
esker.  which  has  been  previously  mentioned  (p.  187),  is  described 
by  Mr.  McHenry  jis  follows: — 

"  There  «m  be  little  doubt  as  to  the  origin  of  these  grnvf^ls  and 
sands.  T''n(|nestional>ly  they  are  due  to  ice-rivers  that  iluwed 
both  on,  in,  and  in  many  ciises  mider  the  ice-sheet.  In  some 
cases  these  ice-rivers  cut  down  through  whatever  slight  covering 
of  boulder-clay  there  may  have  been  de}x»sitod  on  the  solid  rock, 
and  washed  off  the  original  strije.  An  inst^uice  of  this  was 
noticed  in  the  quarry  the  west  side  of  the  road  holding  from 
flreeii  Hills  northward,  wlurc  "io  to  o(>  icct  of  gravel  is  seen  resting 
directly  on  the  Calp  lijuesLone,  while  in  the  north  end  of  the  quarry 
a  thin  stratum  of  boulder-clav  rests  on  the  s(  ill  striated  rock- 
8uriace»  the  sand  and  gravel  of  the  esker  resting  on  the  boulder- 
clay." 

With  regard  to  the  Late-glacial  Flood-gravels,  of  which  several 
small  tracts  were  surveyed  by  him,  Mr.  McHcnry  nmai  ks  that 
these  bear  a  clo.se  rcsend>lanee  to  the  river-gravels  both  in  com- 
position and  firransj^cment  though  dtfVcrinir  in  their  posifif)n  in 
resjKK't  to  the  exisiing  valleys.  In  most  ot  the  places  wheif  they 
occur,  both  tleijosits  have  been  e\ten.sively  woi-ked  for  building 
purposes  and  ror  pathway  material. 

The  delUis  formed  where  the  principal  streams  open  out  upon 
the  Raised  Beach  are  necessarily  »hown  on  the  one-inch  map  as 
forming  part  of  this  I^each,  though  sometimes  rising  slightly 
above  its  usual  level.  They  are  thus  described  by  Mr.  McHenry : — 

"Along  the  shore  where  the  Tolka,  the  Liftey,  and  the  Dodder 
enter  the  mx,  extensive  fan-shaped  deposits  or  gravel  and  sand 
have  been  laid  down.  Many  e.\t»Misive  oneiiin'^'s  in  them  can  bo 
seen,  the  best  being  those  now  worked  in  tlie  vicinity  of  the  mjun- 
road  to  Blackrock,  east  of  the  Do<l<ler.  For  its  size,  the  Dodder 
appears  to  have  deposited  by  far  the  greater  proportion  of  these 
delta-gravels,  this  being  no  doubt  due  to  its  rapid  £all  from  the 
Dublin  HiUs,  causing  more  violent  torrcnt.s  in  early  pcst-glacial 
times,  and  to  the  enormous  quantity  of  glacial  material  with 
which  its  ancient  channel  was  choked. 
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Mr.McHenry     There  is  a  well-marked  feature  on  both  sides  ot  the  liffey 

wLirh  (I(  tines  the  boundary  of  its  rivor-deposits  with  the  under- 
lying bonldcr-clay.  In  all  cases,  durinjj  the  excavations  for  niain- 
(irainap^  purposes,  river  i^^'J^^*'  ^  was  found  to  exist  within  the 
li]!iit  <»t  this  iualure.  In  ahiio.sl  every  instance  the  river-gravel 
riJsLs  directly  upon  the  boulder-clay,  but  in  a  few  cases  it  rtjsts 
directly  on  the  Carboniferous  Limestone,  as  at  the  bottom  of  the 
new  Hawkins  Street  shaft  of  the  tunnel  under  the  Liffey/' 
Mr.Seymoiir.  The  mountainous  ground  surveyed  by  Mr.  Seymour  on  the 
southern  nun-gin  of  Sheet  112  included  the  suTuniits  of  Three 
Rock  (1.479  ft.)  and  Two  Roek  (1.090  ft.)  Mountains;  and  Fairy 
Castle  (1, 7(>.S  ft.)  and  the  lower  hills  to  the  westward,  with  the 
ijitcrvening  valleys. 

"  The  deposits  of  drift  are  chiefly  confined  to  the  yaUeys,  the  hilly 
ground  being  practicallv  bare  gninitc  with  a  scanty  covering  of 
heather  and  peat.  In  the  Larch  Hill  and  Tick  nock  valleys,  how- 
ever, the  lM)Ul(lor-clay  run*?  up  to  liriglits  of  l,Of)0  ft.  and  nr>0  ft. 
respectively,  the  section  in  the  former  being  8-10  ft.  thick  at  this 
elevation  and  full  of  .si  ri  it ed  limestone  pebbles  niid  bouldei"S.  .  .  . 
Jvibnashogue  Aloanlain  (l,ii;iy  ft.)  is  abuost  euLirely  surrounded 
by  gravel,  and  the  outer  boundary  of  this  probably  represents  the 
lino  of  a  n  I  real  iiig  glacier,  between  the  front  of  which  and  the 
mountain  slope,  the  wa.shcd  morainic  material  would  l)ede])osi ted 
as  gravel.  Some  of  the  steep  lower  .slopes,  on  wbirb  no  drift  has 
lodged,  arc  thickly  strewn  with  large  bouklcrs  of  granite,  and 
similar  boulders  frequently  occur  in  the  gravels,  especially  in 
their  upper  jmrt.  .  .  .  South  of  Kilmashogue  is  another  area 
of  grayels,  moundy  in  places,  and  reaching  a  maximum  elevation 
of  over  1,300  feet,  which  have  long  been  noted  for  the  numerous 
shell-fragments  they  contain." 

A  dry  gap  cutting  the  ridge  on  the  cast  side  of  the  Ticknock 
valley,  simimr  to  those  at  lower  levels  to  the  eastward,  prcvionsly 
described,  is  remnikul  by  Mr.  Seymour  to  lie  in  an  almost  direct 
line  with  the  great  Montpelicr  Gap  to  ihc  westward  ^in  Mr. 
Wright's  ground)  and  with  another  still  fiuther  west  To  explain 
the  much  lower  elevation  attained  by  the  drift  on  the  mountain 
slopes  outside  the  valleys,  Mr.  Seymour  suggests  that  the  western 
valleys  being  of  gentle  slope  without  any  sharp  rise,  and  lying 
also  m  the  direct if^n  of  the  ice-flow,  as  indicated  by  the  stria?, 
afforded  an  eii.sy  jiseunt  for  the  drift daden  lower  part  of  the  ice, 
which  could  not  rise  upon  the  blutf  slopes  of  the  nill-shouldcrs. 

The  tract  examined  by  Mr.  Seymour  in  the  N.W.  comer  of  the 
.  sheet,  forming  })ait  of  the  Carboniferous  Limestone  plain,  is 
chiefly  ovorspretid  with  limestone-boulder- clay,  with  some  minor' 
kame  like  niounds  of  gravel  and  protruding  ridges  of  bare  or 
nearly  Inire  rock.  The  cliii  f  interest  in  tins  ground  centres  in 
the  Litfey  Valley,  which  treiK  be.s  the  plain  and  rovwils  many 
good  sections  in  natural  and  artificial  exposures  on  its  steep 
uopes.  It  is  in  this  tract  that,  ss  previously  mentioned,  the 
Lincy  apparently  diverges  from  its  pre>glacial  valley,  and  cuts  a 
short  looped  cafion  in  the  solid  rock.  Near  ism  place  the 
gravelly  mounds  which  .are  believed  to  represent  the  northwanil 
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prolongation  of  the  Green  Hills  Esker,  arc  interoepted  by  the  MrJSeynnmr. 

E resent  valley,  and  the  diversion  oftho  river  may  possiMy  have 
een  connected  with  this  circumstjiiu  e.  The  ejwsterly  jxjition  of 
the  burietl  pre-glacial  channel  aupeiirs  to  be  hlleil  np  cnietly  with 
boulder -day,  as  indicated  in  a  deep  lateral  raviue  and  in  well- 
borings  in  the  S.W  port  of  Phc&mx  Park;  but  in  the  western 
p)rtion  there  is  a  thick  mass  of  gravel,  which  is  well  seen  in  pits 
in  the  valley  below  Knockmaroon  Lodge.  In  one  of  th^e  pits, 
close  to  the  ferry,  nnnicrou^  sli^'ll-fraiifrnents  were  found,  associated 
as  usnal  with  far-travelled  stones  includint^  the  Ailsa  (Vaig  rock, 
and  with  slrejiks  of  brown  clay.  The  dritts  of  tlio  surroimding 
country  appear  to  be  devoidof  shells,  and  no  previous  record  of 
their  occurrence  in  the  Lifiey  valley  is  known. 

The  mapping  of  the  drifts  on  the  peninsula  of  Howth  was  under-  Mr.  SqrnMmr 
taken  at  tnc  begiiming  of  the  tiela-season  by  Mr.  Seymour  and  Jf**  . 
Mr.  Wright,  under  the  personal  gnithmre  of  Mr.  Lamplngli.    It  '  * 

was  found  that  the  linu'siono-<*lay  had  practieally  eu\vra|)[H'd  the 
lower  slo^KJS  of  the  hill,  though  now  in  jNirt  strippetl  olV  by 
later  erosion.  The  curious  manner  in  which  this  material  is 
''plastered"  agjiinst  the  slopes  has  frequently  attracted  attentioa 
The  summit,  however,  is  principally  bare  rock,  with  narrow 
"  tongues"  of  drift  in  the  hollows  between  the  bosses  of  (piartzite. 
These  lioss(*s  an*  frequently  ice-scored,  espeeially  on  the  qnartz- 
veiiLs,  where  the  stria-  are  s')  fine  that  they  lu'coTiie  visible  only 
after  the  application  of  some  such  colouring  material  tis  scraped 
lead-^cil  to  the  smooth  greasy-feeling  white  sur&ce.  The 
striie  indicate  a  general  movement  of  the  glaciating  agent  from 
about  W,  30  N.,  but  swing  round  the  shoulders  of  the  hill,  where 
the  ice-current  lisis  been  deflected.  The  limestone-clay  in  the 
h«illr)ws  is  sometimes  covered  by  a  few  feet  <>f  lowd  detritus, 
probably  in  pnr^  Lrlacial  an«l  in  pxrt  a  later  storm-wash,  and  in 
sonte  places  this  material  alone  is  present. 

The  thick  mass  of  gravel  and  sand  banked  against  the 
northern  side  of  the  hill  at  the  village  of  Howth  is  one  of  the 
well-known  shell-bearing  drift-deposits  of  the  Dublin  district, 
and  similar  shdl  fragments  also  orenr  sparingly  in  the  piitehes 
of  bonlder-clay  on  the  eastern  and  southern  slopes  of  the 
peninsula.  The  gravels  at  Howth  attain  their  maximum  de- 
velopment opposite  a  broad  depression  in  the  solid  rocks,  which 
runs  south-eastward  nearly  across  the  headland,  and  they  apiK*ar 
to  be  intiniatcl^  rehited  to  this  feature.  To  tlie  eastward  and 
westward  of  this  hollow  the  stratified  material  diminishes  rapidly 
in  qnantity  and  in  tcxtnrr,  nntil  it  app<*ars  finally  to  thin  out 
between  an  uppt  r  and  lower  Imnd  of  boulder-elay. 

In  discussing  the  upi)er  jmrt  of  the  boulder-clay  of  these 
sections  Mi.  Seymour  remarks  that  it  resembles  the  upper  clay 
which  he  observed  to  be  simiUrly  associated  with  gravels  in  the 
other  areas  raapix;d  by  him,  being  less  compact  than  the  lower 
clay  and  generally  found  at  the  foot  of  more  or  less  steep  ascents. 
"  It  is  almost  certainly  deriv<'<l  froin  material  cither  in  ico 
englacial),  or  attachrd  to  the  soles  of  icebergs :  in  the  lirst  case  the 
materiiil  being  let  down  ui  acta  by  the  gradual  melting  of  the 
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Mr.  Seymour  ico,  aud  ill  thc  sccond  civso  dropped  from  melting  bergs  in  lakes." 

.      The  second  explanation  appears  to  him  to  be  the  more  probable, 
Mr.    right.  33  tho  uppor  Clay  within  tlio  area  surveyed  by  him  occurred  in 
places  where  tcmpon),ry  lakes  were  likely  to  be  formed  during 

the  recession  of  the  ice. 

The  supposed  high-lovil  raised  beach  near  the  Bailey  Lii^'ht- 
house,  mentioned  in  thc  N"?*tY'?/  Memoir  (p.  67),  proves  to  lie  a 
"  kitclion-midtlcn,"  containin«5  only  edible  shells,  broken  bones  of 
domestic  animals,  and  other  mdications  of  artificial  accumulation. 
The  only  trace  of  post-glacial  marine  submergence  in  this,  as  in 
other  parts  of  the  district,  is  the  conspicuous  Riised  Beach  of 
shingle  and  sand  with  recent  shells,  rishig  10  to  20  feet  alx>ve 
prosotit  sea  level,  which  forms  the  low  spit  connecting  Howih 
witli  the  mainland.  On  llic  rocky  outer  shores  of  the  lieadland 
aud  of  Ireland's  Kye,  thia  beach  ia  indicateil  in  places  by  an 
eroded  rock-shelf  and  by  andent  caves.  A  cemented  mass  of 
old  bcach-raatcrial  was  obserrodin  one  of  these  caves  on  Ireland  s 
1']ye,  adhering  to  the  rock-walls  at  the  usual  level  of  the  Raised 
Beach. 

On  the  mainland  west  of  Howth,  the  plain  of  boulder-cln}'-  is 
deepl}'  liu  rowed  by  broad  drainage  hollows,  regarding  whieli  Mr. 
Seymour  notes:  "none  of  the  stn^imlcts  now  Howing  in  them 
could  possibly  produce  such  features,  they  are  all  '  mis-lius,'  and 
the  pnncipal  work  of  erosion  must  be  attributed  to  a  time  after 
the  glacial  period,  when  much  larger  streams  flowed  through 
these  valleys." 

Mr.  Wright.  The  area  surveyed  by  Mr.  Wright  in  the  northern  part  of 
Sheet  1 1 2,  while  mainly  overspread  with  the  liinesione-lxiulder- 
clay,  vvjis  broken  m  ]»laccs  by  outcrops  of  the  solid  limestone,  and 
liv  irregular  mounds  and  short  esker-like  ridges-of  stratihed  drift, 
the  latter  being  associated,  in  the  vicinity-  of  the  Tolka  river,  with 
gravelly  flats.  That  those  stratified  drifts  were  directly  of  glacial 
.  origin  was  freauently  evident  from  the  manner  in  which  they 
moiged  gradually  into  clayey  unstratifiod  material  full  of  scratched 
stones,  which  was  inseparable  from  the  normal  boulder-clay  of 
the  district. 

In  the  mountainous  grouiid  examined  by  Mr.  Wright  in  the 
south-western  part  of  Sheet  112  ilie  drifts  were  much  more 
complicated,  and  stratified  material  was  mudi  more  abundant 
Gravelly  depnosits,  oomjwsed  {)rinci|)ally  of  limestone,  but  often 
with  a  plentiful  admixtui*e  ol  the  local  granite,  and  with  a  few 
far-tra Tis]Kvrt od  stones,  including  Chalk  flints,  Old  Red  conglom- 
erate, Silurian  gi  it.  and  oeeasionally  the  Ailsn  Craig  rock,  and 
where  unweathere<l,  with  shell-fragments,  formed  moundy  ground 
on  the  slopes  of  the  hilLs  up  to  the  1,250  ft.  contour.  In 
descending  the  slopes  these  gravels  appear  usually  to  pass  beneath 
an  upper  boulder-clay,  though  the  sections  are  mrely  sufficiently 
con'  iiniousto  .show  this  relationship  clearly.  From  one  of  the 
high -level  gravel  pits  at  Lareh  Hill  no  less  than  forty-two  species 
of  shells  have  been  obtained  by  Mr.  Hinch, a  peiseveriug  amateur 
student  of  these  shelly  deposits. 
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The  fine  hi;^^h-level  notch  m  the  solid  reckon  (Ito  southern  Mr.  Wiight 
side  of  Mont ]>«  lit  r  Hill,  to  which  reference  was  made  in  the 
introductory  pari  of  this  report,  is  described  by  Mr.  Wright  as 
follows : — 

"  This  reniarkiibly  btcop  gap  or  j>ass,  which  is  530  yards  long, 
ocmneets  Uie  valleys  of  KiOakee  and  GlenAsm<de.  Its  sides  are 
strewn  with  blocks  of  granite,  which  form  a  tains  at  the  base, 

and  their  slope  varies  from  20* — 36'.  The  height  of  the  summit 
is  1035  feet,  but  it  is  probably  raised  considerably  above  its 
oripnal  lici  jhf  Ijy  the  fatlinjj  in  of  defn-is  from  the  sides.  Tlio 
gap  is  almost  dry,  there  being  only  two  small  r^^^llets  triekling, 
one  from  each  end,  in  opposite  directions,  that  on  the  west  being 
soon  joined  by  a  larger  stream  from  the  moorland  abovo. 

'■  The  gravels  associated  with  this  gap  form  a  continuous 
deposit,  lying  between  the  800  and  1250  ft.  contours^  which  may 
be  roughly  £vided  into  an  upper  and  a  lower  series.  The  upper 
series  forms  a  thin  covering,  with  scattered  mounds,  on  the  moor 
overlooking,'  the  gap  on  the  south  and  on  Mont|x?licr  Tlill  on  the 
north.  The  lower  series  consists  of  two  mounds,  one  on  eaeh 
side  of  th(y  valley  at  the  westerly  end  of  the  gap.  At  Ann  Mount, 
in  Glenasmole,  the  gravels  also  occur  at  two  levels,  but  the  upper 
level  in  this  case  is  the  same  as  the  lower  one  in  the  Montpeuer 
VaUey/* 

II.   MAPS  PUBLISHED. 

The  following  is  a  Ibt  of  the  re\  ised  one*inch  maps  issued  by 
the  Geological  Survey  of  Ireland  during  the  past  year: — 

Sheets  Nos.  46, 61, 67, 79, 115, 117, 118, 125, 126, 127, 134, 
136, 143. 

The  revisions  are  almost  wholly  contincd  to  the  Ordoviciau 
and  Silurian  Rocks. 
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TYPES  AND  PIOURKb  SPECIUEKS 


APPEMDIX  A. 

Catalogue  of  Types  and  Fiqubbd  Specimens  of  British 
Fossil  Phyllocarida  preserved  in  the  Museum  of 
PRACfTiCAL  Geology,  LondoD. 

By  H.  A.  Allen,  F.G.S. 

Kixch  specimen  is  entered  under  the  nauie  given  to  it  wlien 
Hrst  H^unnif  When  the  author's  name  is  placed  in  brackets,  e.y. 
(Philhps),  it  refers  only  to  the  species  and  not  to  the  genus. 
The  letter  T  indiwites  that  the  sjx  <  Ihk  n  is  the  typo  of  the 
species.  Tlie  HL'ures  in  square  brackets  [7509]  correspond  to  .the 
number  in  the  Museum  Kegister. 

The  iohowing  abbrcviatiuiis  are  employed;— 

M.  G.  S. :  MeiiK>irs  of  the  Geological  Survey  of  the  United 

Kingdom, 

Mon.  Pal.  Soc. :  Monographs  oi  the  Palseontographical  Society, 

London. 

Q.  J.  G.  S. :  Quarterly  Journal  of  the  Geological  Society  of 

London. 

Geol.  Mag. :  The  Geological  Magazine^  London. 


Gaiyccaris  Kairii,  Hioks. 

Junes  and  Woodward,  Moo.  Pal.  Soc.»  vol.  xlvi.,  1898,  pi.  ziv.,  f.  16, 

l^>.  92. 

Ai  cnig.  [750U]      Skiddaw,  Cumberland. 

.  Caryocaris  Wrightii,  Salter. 

Jones  and  AVoodward,  Men.  Pal.  Soc,  vol.  -\lvi.,  18J>2.  pi.  xiv.,  lign.  U, 
12,  p.  89. 

Skiddaw  Slates.  [7506, 7500]  Skiddaw. 

Ceratioearis  a^tyehoides,  vide  Ditlijrocaris  Y 

Ceratioearis  euialioidata,  Jones  and  Woodward.  T. 

Jones  and  Woodward,  Mon.  Rd.  Soc,  vol.  xll,  1888,  pL  vii.,  f.  3,  p.  3S. 
Upper  LucUow.  [7481]      miteclil^  Ludlow. 

Ceratioearis  cassia,  Salter. 

Jones  and  Woodward,  Mon.  Pal.  Soc,  vol  aJi.,  1888»  pi.  m,  f.  7  c-e,'p. 
58. 

Lower  Ludlow.  [7461]     Trippleton,  Luntwaidine. 

Geol.  Survey.  Summary  of  Pboobbsb  vob  1901. 
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CmtioeAril  cattioides,  Jones  and  Woodward.  T. 

Jones  and  Woodward,  Moo.  P^l.  »Soc.,  vol.  xlLj  1888,  pi.  vii.,  f,  C,  p.  59. 
Lower  Ludlow.  [7480]      Leiotwardinc,  Sliropslurc. 

OBimtiocaris  gigas  (Ridter,  M.  S.),  Jorrcs  and  Wixxlwanl.  T. 
Jones  and  Woodward,  Alon.  Pal,  Soc.,  vol,  xli.,         pi.  iii.,  f.  1,  p.,24i 
LoweV  Ludlow.  [7452]      Danefield,  Kington,  Herefordshire. 

Oeratiocaris  halliana,  Jonos  atid  Woodward.  T. 

Jones  and  Woodward,  Mon.  I'al.  Soe.,  voL  xli.  1888,  pi.  iL  figs.  I  -4,  p.  26. 
Lower  Lodlow.     [7453-7456]      Church  Hill,  Leintwardine  and 

Bow  Bridge,  Ludlow. 

Ceratiocaris  leptodactylni  (M'CW). 

Jones  and  Woodward,  Mon.  PaL  Soc.,  vol.  xIl,  1888,  pi.  vi.,  figs.  6-0, 

We  Jock  Shale  (Coimton  Grit).        [745d.  7855 -7H57] 

Hdm  Knot,  Dent,  Yorkshire. 

Caratiocaris  longa,  Jones  and  Woo<hvar<l.  T. 
Jone^  and  Woodward,  Moo.  I'al.  Soc,  vol.  xli.,  1888,  pi.  xi.,  f.  5,  p.  43. 
Lower  Ludlow.  [7468]  Leintwaraine. 

Otratiocaris  miimta  ?  Jones  a?)d  WwKhvanl.  T. 

Junes  aiui  Woodward,  Mon.  I'al.  bw.,  vol.  xli.,  1888,  pi.  xi.,  f.  10,  ji.  47. 
Lower  Lndlow.  [7478]  Leintwardine. 

Ceratiocaris  liiurchisoni  (Agassi/.). 

Jones  and  Woodward,  Mon.  I'al.  Soc.,  vol.  xli.,  1888,  \A.  iii.,  figs.  4,  7, 
p.  16. 

Lower  Ludlow.  [7473,  7476]  Leintwardine. 


rii  KareUsoni  (Agassiz).  T. 

II.  Woothvnid.  (It'ol.  Mng.,  1806,  pi.  x.,  f.  9.  p.  203.    Kefigiired  as 
Ceratiocaris  tyrannna:  Jones  and  Woodward,  Mon.  1:^  Soc., 
vol.  xli,,  1888,  pi.  vi.,  f.ll,  p.  20. 
Wenlock  Shale  (Coniston  Qrit).  [7472] 

Casterton  Low  Fell,  Kirklqr  Lonsdale. 

Caratioearis  papilio,  Salter.  T. 
J.  W.  Salter,  Ann.  Mag:  Nai  Hist.,  vol.  v.,  I86fs  p.  154,  f.  I. 
Lower  Ludlow.  [747d]      Logan  Water,  Leamahagow. 

Ceralioearia  retioosa,  Jones  and  Woodward.  T 
Jone.s  and  Woodward,  Geo!.  Mag.,  1805,  pi.  zv.,  f.  i       p.  rm. 
Ludlow.  [4435]     LocaUty  ? 

Ceratioearis  robiiat%  Salter. 

Jones  fiii.l  ^Voodward,  Mon.  Pal.  Soc,  vol.  xli.,  1888,  pi.  x.^  f.  lo,  p.  44. 
Lower  Ludlow.  [7471]  Leutwartiine. 

Ceratiocarii  falteriaaa,  Jones  and  Woodward.  T 
JoncH  and  Woodward,  Mon.  Fftl.  Soe.,  voL  zli,  1688,  pi.  vii.,  f.  1  a,  6, 

p.  i>5. 

Lower  Ludlow.  [7477]      Bow  Bridge,  Ludlow. 

Ceratiocaris  solenoides,  M'Coy. 

JonQ^  and  Woodward,  Mon.  Pal  Soc,  wh  xli,  1868,  pi.  viii.,  f.  8  a,  ^ 

p.  52. 

Upper  Ludlow.  (7468      Benson  Knot,  Kendal. 
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Ceratiocaris  stygia,  S.ilter. 

•J ones  and  Woodwaixl,  Mon.  TaL  Soc.,  voi.  xli.,  1888,  pi.  xi.,  f.  3,  i».  38. 
Lower  Ludlow.  [7469]  Leintwwdine. 

Ceratiocaris  tyrannns  (Salter,  .M.  S.),  Jones  aiui  W  oudvvard.  T. 

Jones  and  Woodwartl,  Mon.  Pal.  Soc.,  vol.  xli.,  1888,  jil  iii.,  figs.  2, 3,  r*,  8, 
fK  22 .  (See  abo  C.  murehitom,) 
Lower  Ludlow.  [7474^  7476]  Leintwatdiiie. 

Dietjoearit  Baaatayi,  Salter.  T. 
J.  W.  Sdter,  M.  G.  S.,  Edinbui^b,  1661/ pi.  il,  f.  SO,  p.  133. 

Salter  and  Woodward,  Chart  Fnss  Crust.,  i«nr,,  p  17. 
Uppur  Silurian.  [7463]      North  Esk  Ileservoir,  Carlops. 

IMtlijcoMrii  Odld,  Portloclc.  T. 
J.  K  Poftlock,  Bep.  Qeol.  Londonderry,  1843^  pi.  zil,  figs.  1-5,  p.  814. 

Jonevi  and  Woodward,  Mon.  Fftl.  Soc.,  voL  liL,  1896,  pi.  xriii.,  fijjpa.  S-5 ; 


pl.xxiv.,fifl^2,4,p.  163. 
Oarboniferous  Shalea 


[6261-6863^  6265]      Clogher,  Tyrone^ 

Jones  and  Woodward,  Mon.  Bal.  Soc,  vol.  Iii,  1898,  pK  xxm,  f.  5, 
p.  168. 

Carlwniferons  Rhale«.  [6260]      Clogher,  Tyrone. 

J.  E.  Port  lock,  licp.  (Jeol.  Londonderry,  1H43,  pi.  xii.,  f.  6,  p.  315. 

H.  WrKMiwurd,  (  Jeol.  Ma;?.,  IPG.',  pi.  xi.,  f.  8,  ]..  401. 

Jones  and  Woodward,  Mou.  i'al.  Soc.,  vol.  Iii.,  18118,  pi.  x.wi.,  f.  44, 
p.  194. 

Carbonif eiooa  Shalea.  [0^]     Co>  Derry. 

DithyrocariB  orbicularis,  Portlock.  T. 
J.  E.  Portlock,  Rep.  Qeol.  Londondeny,  1843,  p.  316. 

Jones  and  Woodward,  Mon.  Pal.  Soc.,  vol.  Iii.,  1898,  pi.  xxiv.,  f.  3,  p.  166. 
Lower  Carboniferous.  [6266]     White  Water  lUver,  Co.  l)eriy. 

Bithyrocarii  testudiuea  (Scouler). 

Jones  and  Woodward,  Mon.  Pal.  Soc,  vol.  Iii.,  1898,  wl.  xix.,  f.  9.  n.  145. 
Lower  Carboniferous.  [6268]      Glasgow  Ooalneld. 

Dithyrocaris  tricomis  (Scouler). 

Jones  and  Woodward,  Mon.  Pal.  Soc,  toL  111,  1806,  pL  zzrii.,  f.  2  a-c^ 

p.  170. 

Lower  Uarboniferous.  [7619]     East  Kilbride,  Lanarkshire. 

Dithyrocaris  ?  aptychoides,  Salter.  T. 

J.  W.  Salter,  Q.  V<1  S  ,  vr  l  viii.,  187)2,  pi.  xxi.,  f.  10,  p.  301.  Descril»ed 
as  Ceratiocaris  aptychoides,  J.  W.  Salter,  Ann.  ^ia^;.  Nat.  Hist., 
vol.  v.,  I860,  p.  161 ;  and  as  Peltecaris  aptychoides,  Salter,  Q.  J.  O.  S., 
vol.  xix.,  1863,  p.  88  (text  figure) ;  Jones  and  Woodwwd,  Mon. 
Pal.  vSoo.,  vol.  advi.,  1802,  pi.  xvi.,  f.  3,  113. 
Llandeilo  Flags.  [7607]      Duff  Kennel,  Dumf  riesahire. 

Xmmeleioe  craasistriata,  Jones  and  Woodward.  T. 

Jones  and  Woodward,  Moa  Pal.  Soc.,  vol.  xli.,  1888,  pi.  viii.,  f.  3,  p.  7a 
Upi>er  Ludlow.  [7467]      Combe  Wood,  l^resteign. 

Eminelmoe  maccoyana,  Jones  and  Woodward.  T. 

Jonc,>^  nnd  Woodward,  Mon.  Pal.  Soc,  vol  xli.,  1888.  pi.  viii,  f  2,  p.  71. 
Lower  Ludiow.  [7470]  Leintwardine. 
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HymeiiocariB  Tennicaada,  Salter.  T. 
J,  W.  Salter,  M.  G.  8.,  North  Wales,  1HG6,  i»l.  il,  figa  1,  2,  p.  203. 
Lower  Lingiiki  FlagiL  [7508J     Penmona^  Tremadoc. 

J.  W.  Salter,  M.  O.  S.,  North  Wales,  1866,  pi.  v.,  f.  26,  p.  293. 

Jones  and  Woodwui-d,  Mod,  Pal.  Sot*.,  vol.  xlvi.,  1892,  pi.  xiii.,  f.  f),  p.  74. 
Lower  Lingula  i'lags.  [7503]      Moel-y-gest,  Tremadoc 

Hymeaoewit  Tmriiiio«i4a,  Salter. 

Jone8  and  Woodward,  Mon.  ¥aL  Soc,  voL  xlvi.,  1808,  pi.  xiii.,  figs,  l^, 

13,  p.  74. 

Liogola  Fla«8.  [7605, 7604]  Portmadoc 

Hymenocans  vermicauda  1  (tracks  of). 

J.  W.  Salter.      J.  Ci.  S.,  vol.  x.,  18,'>3,  p.  210.   (Text  figure.) 

J.  W,  Salter,  M,  O.  S.,  North  Walea,  18«(>,  pi.  L  j).  294. 
Lower  Lingula  Flags.  [7520J     iVeniadoe,  N  Wales. 

Liugulocaris  liiigiil»comes,  Salter. 

Jones  and  Woodward,  Mon.  Fal.  Soc.,  voL  xlvL,  1892^  pl-  xiv.,  f.  4.  i).  81. 
Upper  Llandeilo.  [7610]  Builth. 


Peltocaris  anatina,  Jones  and  Woodward. 

Jones  and  Woodward,  Mon.  BsLSoc.  voL  xlvL  1^2,  pi.  xvi.,  f.  4,  p.  1 1 
Llandeilo  Flags.  [7606]     M«![£at  I 

Peltocurii  aptgrehoidea,  vidt  Bitliyrocirii  9 


Peltocaris  1  (tracks  of). 

J.  W.  Salter,     J.  G.  S.,  vol.  xix.,  1863,  p.  94.   (Text  ligure.) 
Llandeilo  Flags.        [7521]      Wdmington  Dingle,  Chirlmry,  Salop. 

Salterina  [Salterella]  pholadiformis  (Salter,  M.  S.),  Jones  and  Wood- 
wiird.  T. 
Jones  and  Woodward,  Qeol.  Mag.,  1888,  p.  453.  (Text  figure.) 
Lower  Limestone  Shales.  [7618]  Berwiek-on-Tweed. 
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APPENDIX  R 

Catalogue  of  Types  and  Fioubsd  Sfbcihbns  of  BRirisn 
pAL^fiozoic  EcHiNODERMATA  preserved  in  Uie  Museum  of 
Pbactioal  Qboloot,  London. 

By  H.  A.  Allen,  F.G.S. 

Each  specimen  Ls  entered  under  the  name  given  to  it  when 
Hrst  figured.  When  the  author's  name  is  placed  in  hrackota,  e,g. 
(Phillips),  it  refers  only  to  the  species  and  not  to  tlie  jTjentis. 
Tlic  letter  T  indicates  th  tt  tlvo  s|)ccimen  is  the  type  of  the 
species.  The  tiLHires  in  square  bnickets  [7009]  correspond  to 
ttie  number  in  the  Museum  Kcgister. 

The  following  ahbreviations  are  employed : — 

M.  G.  S.:  Memoirs  of  the  Geological  Survey  of  the  United 
Kingdom. 

Mon.  Pal.  Soo. :  Monogriiphs  of  the  Paksontographical  Society, 
London, 

Pal.  Fos&i  Figures  and  Descriptions  of  the  Palieofloic  Fossils 
of  Cornwall,  Devon,  and  West  Somerset,  by  John 
PhUlips.  1841. 

Q.  J.  G.  S.:  Quarterly  Journal  of  the  Geological  Society  of 

London. 

Geol  Mag. :  The  Geological  Magazine,  London. 


Caryocystites  granatmn  (Wahleii1»crg). 

E.  Forbes,  M.  G.  S.,  vol  ii.,  pt.  2,  lti48,  pL  xxL,  f.  4,  p.  518, 
Canuloc.  [740e]     BMwlas,  Bala. 

Caryocystites  Litchi,  Forbes. 

£.  Forbes,  M.  O.  S.,  vol.  ii.,  pt.  2,  184H,  nl.  xxi.,  f.  2  a^,  n.  514.  Re- 
ti^^iii  cd  as  SphsBronites  Litchi :  J.  W.  halter,  M.  G.  S.,  North  Wales, 
1806,  [il.  XX.,  figs.  3  2  4,  p.  886.    (Fifijs.  3  aod  4  c  referred  to  H, 

muuUus,) 

Caradoc.  [7431]     Sholediook,  Haverfordweet 

CaryocystitM  t  numitus,  Forbes.  T. 

E.  Forlxjs,  M.  G.  S.,  vol.  ii,  pt^  3, 1848,  vil.  xxi..  f.  3  (t,     p.  515.  Ue- 
ti^ured  m  Spharonites  mmdtai:  J.  W.  Baiter,  M.  G.  &,  North 
Wales,  1866,  pL  xx.,  f.  6,  p.  S8K. 
Caradoc.  [7429]     Bhiwlas,  Bala. 

Carjocystites  pyriformia,  Forbes.  T, 
E.  Fori  tea,  M.  O.  S.,  vol  ii.,  pt.  2,  1848,  pL  xxi.,  f.  1  a-d  p.  515.  Ke- 
figiircfl  iXH  Sphaeronites  pyriformis  :  J.  W.  Salter,  M.  G.  S.,  North 
Wales,  I860,  pi.  xx.,  figs.  1,  2,  p.  285. 

Caradoc.  [7432J      lihiwlas,  IJala, 

QeOL.  SuKVKY.    BU^AilY  OJT  PBOUBJi»»  VUli  1901. 
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MiiiiocTBtites  pomnm,  W.  Thomaon.  T. 

Wyvillc  Thoinflon,  JBdin.  N«w  Fhil  JouriL,  N.     vol.  juiL,  1861,  pL  i., 
f.  3,  l>.  ItW. 

Low«r  liiidlow.  [7385]  LemtmuxUne. 

£cliiiioeEcrmit^s  armatus,  Forbes.  T. 
E.  Forbes,  Mmn.  CM.  Survey,  vol  il,  pt  8. 184%  pL  zvtll,  figs. 
n  13  ;  •   : ;.,  figs,  1, 4,e,p.s07. 

\Vcnk>ck  Liiiie.st(.ue.  [7381-4J  Walaall. 

Behinoencrmites  baccatnt,  FoHk^  T. 

E.  Forli«s,  M.  G.  S.,  vol,  ii.,  pt.  2,  1848,  pi.  xvii.,  figsi.  1,  3,    p.  606. 
Wcnlock  LiniOHtone.  [7380]  Waball. 

£clu]i08p)i»ritet  aradmoideni,  tnde  Spbaromtes. 

Bmnicotmitai  oUmgu,  (Pander). 

E.  Korbojs  M.  G.  S.,  vol.  ii.,  pt.  2,  18  tM,  i>l.  xx.,  f.  0,  p.  511. 

J.  W.  Salter,  M.  G.     North  Wales  1866,  pi.  xx.,  f.  H,  p.  288. 
CamdiK'.  [742CJ      buuleshook,  Haverfordwest. 

Hemicoimites  pynformis,  v.  iiuch. 

K  Forbes,  M.  G.  b.,  vol.  ii..  pt.  2, 184K  jil.  xx.,  fifa.  2-5,  u.  511.  lie- 
figured  M  H.  mgatni,  Forbes :  J.  W.  Salter,  M.  G.  8.,  North  Wales, 

lH()6,p].XX.,  f.  12,  p.  288. 

Caradoc.  1.7421, 74i2j     Gt.  Crcsswell,  hit.  Clare ;  Sholeshook. 

HimkofmltM  ingatnt,  vids  H.  pjrIliDrmla. 

PlemocyBtitet  Eageri,  Salter.  T. 
J.  W.  Salter,  M.  G.  8.,  North  Wales,  18GC,  pi.  x.xiii.,  f.  5,  p.  288. 
Caradoc.  [7434]     Blaen-ycwm,  nr.  JJandoveiy. 

SphasrouiteB  arachnoideus,  Foi)>e8.  T. 
E.  Forl^es,  M.  G.  S.,  vol.  ii.,  ut.  2,  1818,  lA.  xxii.,  f.  4,  p.  518.  Refignred 
as  Echinosphnrites :  J.  W.  Salter,  M.  G.  S.,  North  Wales,  1866,  pi. 
X.X.,  f.  8,  p.  287. 

C'amdoc.  [7405]       Sholeshook,  Haverfordwest. 

Sphsronites  aurantium  (Gyllenhal). 

E.  Forlies,  M.  G.  S.,  vol*  ii.,  pt.  2,  1848,pl.  xxii.,  f.  I  a,    p.  516.  Fi/r. 
1  b  refigured  as  S.  itallnfifenu :  J,  W.  Salter,  M.  G.  S.,  Noi  tii 
Wales,  \dOKi,  pi.  xx.,  f.  6,  p.  287. 
Caradoc.  [7428]     Sholeshook,  Haverfordwest. 

SpliMTOliitM  Idtchi,  vide  CaryocystitM. 

Spharonites  mnnitus  1  Forlies. 

J.  W.  Salter,  M.  G.  8.,  North  Wales,  ]  800,  pi.  xx.,  figs.  3,  4  c,  p.  286. 
Caradoc.  (See  also  Cary^tcy utiles.)  [iv^i]  Sholeshook,  Pemlwokeshue. 

Sphaeronites  i  punctatua,  Forbes.  T. 
E.  Eorl*ea,  Al.  ( !.  S.,  vol.  ii.,  pt.  2,  1848,  pi.  xxii.,  f.  2  a,  ft,  p.  518. 

.1.  W.  Salter,  M.  G.  S.,  North  Wales,  1806,  pi.  xx..  f.  7,  n.  280. 
Caxadoc.  [7433]     Rhiwlas,  Bala. 

Sphieronltes  pyriformis,  vidt  Caryocystites. 
flj^liaroiiitef  tteUvlifernt,  vide  B.  aanBtLiun, 
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CRiNonnA. 

ActiAocrinites  amphora,  (Goldf uss). 

J.  E.  PorUook,  Rep.  Qebl.  Londonderry,  1843,  pi.  xv.,  fign.  4  a,  6, 5  a,  6 
p.  347. 

Ciu-boniferous  Limestone.    [7615J   Cleeouh,  Tonyloman,  Fermanagh. 

AGtinocrinns  '  Batheri,  AVhidborne.  T. 
G.  F.  Whulburiie,  AJou,  Pal.  Soc.,  18ii«,  vol.  lii.,  pi.  xxxii.,  figs.  2,  2  a, 
3,  3  a,  b,  II.  232. 

Upper  Devonian  (Marwood  BodsX  [7145,7146]  Biaunton,  North  Devon. 
Aetlnoerinites  decadactylus  ?  Goldfues. 

J.  K.  Portlock,  Rep.  Geol.  Ijondondc  ri  y,  1843,  p.  349. 
Carboniferous  Liuieatone.  [7U2UJ      Stewartatown,  Tyrone. 

Actinocrinites  icosidactylus,  Porthxk.  T. 
J.  E.  Portiock^  Kep.  Geol.  Londonderry,  1843,  pi.  xv.,  f.  7.  p.  348. 
GarboniferoQs  Ltmestona  [7628]     Hook,  Wexford. 

ActinocrinnB  Porteri,  Whidborue.  T. 
G.  F.  Whidbome,  Mon.  Bed.  Soc,  voL  lii.,  1898,  pi.  xxxi.,  figs,  i,  i  a 
2,  6  ;  pi.  xxxii,  f.  1,  p.  820. 
Upper  Devonian.  [7138-7141]      North  Devon. 

Actinocrinites  ?  retiarius,  Phillips.  T. 
R,  1.  Murchison,  "  Silurian  System,"  pt.  2, 1837,  pi.  xvii.,  f.  7,  p.  G74. 
Wenloclc  Limestone.  [7379]  Dudley, 

Adelocrinus  hystrix,  Phillips.  T. 
J.  PhilH])s,  Pal.  Foss.,  1S41,  pi.  xvi.,  f.  42  a,  h,  p.  30. 

(i.  F.  Whidliorne,  Mon.  i*al.  »Soc.,  vol.  lii.,  1888,  pi.  xxx.,  f.  4,  p.  224. 
ITpper  Devonian  (PUton  Beds).  [7157]     Bmshfoid,  N.  Devon. 

G.  F.  Wlkidk»i  lie,  Mon.  Pal.  Soc,  vol.  Ill,  1898,  pi.  xxx.,  figs.  7,  7a,  p»  224. 
Upper  Devonian  (Pilton  Beds).  [7156]  Biaanton. 

Griiioid,  Auxiliary  arm  of 

J.  E.  Portlock,  Rep.  Geol.  Londonderry,  1843,  pi.  xv.,  f.  3,  p.  34fi. 
Caradoc.  [7390]      Desertcreat,  Tyrone. 

Crinoidul  Column. 

J.  E.  Portlock,  liep.  Geol.  Londoudeny,  1843,  pi.  xv.,  f.  2  a,  345. 
CtakTsdoe.  [7392]     Deeerteteat,  Intone. 

Capressocrinus  crassus,  Goldfuss. 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  vol.  xJix.,  1895,  pi.  xxiv.,  fit's.  1,  4  a, 
p.  207. 

Middle  Devonian.  [7087]     Newton  Bushel. 

Cyathoeriniii  aeinotahos  Y  A  ugclin. 

F.  A.  Bather,  Ann.  Mag.  Nat.  Hi^  vol.  ix.,  1892,  p.  21 1 .  (Text  figure  5.) 
Weulock  Limestone.  [7375]  Dudley. 

Cjrathocrinns  ?  elliptieni,  Phillips. 

J.  riiillips,  Pal.  FOSB.,  1841,  pi.  xvi.,  f.  49  a-d,  p.  32. 
Upper  Devonian.  [7147]      Petherwin,  Cornwall. 

(fyathocriniis  ?  macrodactylus,  Phillips,  T. 

J.  Pirilit  ^  P  J.  Fos.s..  |.l.  XV.,  f.  Ji*-,  p.  29.   Refigured  us  Taxocrinus 
macrodactylus :  G.  F.  Whidbjme,  Mon.  Pal.  Soc,  vol.  lii.,  1898,  pi. 
xxxiii.,  f.  2,  p.  215. 
Upper  Pevonian  (Pilton  Beds).         [7146]     Pilton,  North  Pevon, 
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CMIlMrtsoeriniu  simplex,  Portlock.  T. 
J.  £.  Portlock,  llep.  Geol.  Londonderry,  1843,  ^1.  xvi.,  f.  5  a,  6,  p.  351. 
Carboniferous  Limestone.  [761^]  Fermanagh. 

OljptocrinTis  1  (CoBloeruiai)  basalis,  M'Coy. 

J.  W.  Salter,  M.  G.     Ueol.  North  Wales.  186C,  pi.  xxiii.,  f.  4,  4  a,  p.  283. 
Caradoc  [7388]      GuUsfield,  near  Meilod. 

X  W.  8dter,  M.  Q.    QeoL  North  Wa]ea»  1860,  pi.  xxiiL,  f .  4    p.  283. 
Ouadoe.  [7389]     Qwrelddian,  Llanwddyn. 

MmtiriBja  depreisiii,  Aiutin.  T. 

T.andT.  Austin,  "RecentandFoaailCriiu.idea,"  I84.%pl.vi.,f.2«-M..4i). 
Middle  Devonian.  [706d,  Newton  Bushel. 


Hezacrinas  intertoi^iilarifl  (PhiUipe). 

G.  F.  Whitllx.me,  Mon.  Pal.  S<ic.,  vol.  xlix  1*^^'),  pi.  xxi.,  f .  2  ;  pi  xxiL, 
figs,  ii,  S  a.  p.  IttO.  (See  al^D  rlntt/aruum  niieneapularis.) 
Middle  Devonian.         [1 649,  7090]     Bradley  and  Newton  Ahbot 

Hexacrinna  macrotatni,  Austin.  T. 
T.and  T.  Austin, "  Bee.  and  Foes.  Crinoidea,"  1 843,  pi.  vi.,  f.  3  a,  d,  p.  50. 

G.  F.  Whidbome,  Mi».  Bftl.  Soe^  vol  xlix.,  i  sijr),  pi  xxil,  f.  8,  p.  198. 
(See  also  /7  f  ^/mntw  lniereiflatiwX 
Middle  Devonian.  [6880]     Newtou  Bushel. 

Heuerfaraa  mtio,  mie  Pktjcrimu  iAtemapnburii. 

Hexacriniu  1  pentangular  is,  Austin.  T. 
T.  and  T.  Austin,  "  Rec.  and  Foea.  Crinoidea,"  184.%  pi.  vii.,  f.  1  a-Cy  p.  51. 
Hefii^ured  a8  Hexacrinns  qnintangnlng,  G.  F.  Whidbome,  Mon. 
I'al.  Soc.,  vol.  xlix.,  1896,  pi.  xxiii,  figs.  6,  G  a,  6,  p.  198. 

Miildle  Devonian.  Newton  Bu.shel. 

Hexacruini  perarmatns,  Whidbome.  T. 
G.  F.  Whidbome,  Mon.  Pal.  Soc,  vol.  xlix..  1895^  pL  xxil,  f.  10,  p.  194. 
Middle  Devonian.  [6879]     Newton  Bushel. 

Hexacrinns  qnintangnlna,  vide  Hexacrinua  i  pentangnlaris. 


Tioarii,  Whidbome.  T. 

i\.  F.  Whidbome,  Mon.  Pal.  S<«^,  v..l.  xlix.,  189B,  pi,  xxiii^  f.  4,  p.  197. 
(See  also  rialycrinm  pentangular^  /), 
Middle  Devonian.  [7003]     Newton  Bushel. 

Hydreionocriniu  ?  globularis,  <\c  Koninck.  T. 

L.  de  Koninck,  Bull.  Acad.  Boy.  liriixelles,  ser.  2.  t.  iv.,  1858,  pL  ii., 
figs.  1-4,  p.  93.    **The  Geologist,"  vol.  i,  1858,  \A.  iv.,  figs.  1-4,  p.  180. 

OarboniferoQs  Limestone  {Piroduetm-\)edy.      [7440]  Lernnaltfigow. 

Hydreionocrinus  acoticoSj  dc  Konindc.  T. 
L.  de  Koninck,  Bull.  Acad.  Roy.  Bmxelles,  eer.  S,  t.  iv.  1858,  pi.  ii., 
figs,  e,  7  :  i».  93.   "The  Geologist,"  vol.  i.,  1858,  pi.  iv.,  f .  C,  7,  p.  179. 

CWbonifMoos  Limestone  (ProffMettM-bed).      [7439]  Leemahagpw. 

Platycrinna  grattolatiii,  Miller. 

T.  and  T.  Au.stin,  "Bee. and  Fobs.  Crinoidea,"  1843,  pi.  iii.,  f.  2  wj,  p.  33. 
Carboniferous  Limestone.  [7630]      Hook  Point,  Wexford. 

FUtycrinites  grannlatus,  Miller. 

.J.  E.  Portlork,  Bep.  Geol.  Londonderry,  184.3,  pi.  w  i.,  f.  4,  p.  :^r,n 
CJaiboniferous  Limestone.  [liXil]      llook  Point,  WtxtoiU, 
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Platycrinna  interscapiilarig,  Phillip.  T. 

J.  JMiillips,  I'iil.  Iiw-s.,  111.  xiv.,  f.  2Qa-d,  p.  28.    lie  figured  as  Hexa- 
crinus  melo,  Austin,  T. "  iiec  and  Fobs.  Oinoidea,"  1843,  pi.      £.  1 
a-tf,  p.  48 ;  and  as  Hezacriiint  intenoajnilaris :  O.  F.  Whidborae, 
Mon.  I*al.  Soc.,  vol,  zlix.,  1885,  pi.  xxl,  figs.  1,  1  <w/,  p.  190. 
Middle  Devonian.  [7068J      Newton  BuHhel. 

Flatycrinites  lavis,  Miller. 

T.  and  T.  Aiutio,   Rec  and  Foaa.  Crinoidea»"  1»43»  pi.  i,  f.  1  e,/, 
/,     p.  8. 

OarboniferooB  Umttitone.         [763S-7634]     Hook  Point*  Wezfofd. 

Platycrinus  pentans^ularis  t  Phillips. 

J.  Phillip8,  r*^*  ¥oB8^  |)].  Ix,,  f.  S8*«,  p.  Rcflgiired  as  H«ZftCriiili8 
Viearii,  Q.  F.  Whldboniei  Moo.  Fal.  Soc,  vol.  xluc^  1886,  pi,  xxiii., 

f.  n,  p.  197. 

Middle  Devonian.  [7092, 7093]      Newton  liushel. 

Platycrinites  Bpmoaus,  Austin.  T. 
T.  andT.  Austin,  "Kcr.  andFoea.  Crinoidea,"  1^4f^,  pi.  !.,  f.  2  />,  7,  p.  19. 
(Jarboniferoua  Liuicatone.  [7GG3]      Hook  Point,  Wexford. 

Platycrinltes  trigintidactyliu^  Austin.  T. 

T.  and  T.  Austin,  "  Uec  and  Foss.  Crinoidea,"  1R13,  \A.  iii.,  f.  1  /»,  p.  m. 
Carl)oniferous  Liuieiitono.  [7(JC4]      Hook  l\>iuL,  Wcxtord. 

Platycrinns  tnberculatus  t  T'hillii)s. 

J.  Phillip.s,  Pal.  FaH.s,  pi.  Ix.,  f.  39,*  ]».  134.  Rehgiircd  ns  Hexacrinus 
macrotatns,  Austin,  T.,  "Rec.  and  Foss.  Crinoidea,"  1843,  i>l.  vi., 
f.  3  p.  50 ;  G.  F.  W]udbonie»  Mon.  Fal.  Soc.,  vol.  xUx.,  189'),  pi. 
xxii.,  f.  8,  p.  19S. 

Middle  Devonian.  [7004]      Newton  Bushel. 

Pateriocrlniu  conictu,  Phil]i|M. 

T.  and  T.  Austin,  "Bee  and  Foes.  Crinoidea,"  184.3,  pi.  x.,  f,  3  r,  p. 82. 
Carljoniferous.  [7006]      Clifton,  IJristol. 

J.  K  Portlock,  Rep.  Qeot  Londonderry,  1843,  pi.  xvi.,  f.  12,  p.  aao. 
Cbrboniferoos.  t^OOS]  Fermanagh. 

Poteriocrinus  dactyloides,  Austin.  T. 
T.  and  T.  Austin,   Rec  and  Fobs,  Crinoidea,"  1843,  pi.  x.,  f.  7,  p.  Sfi. 
Carboniferous  Limestone.  [7804]     Hook  Point*  Wexford. 

Potirioeriiius  iiMolnii,  Ausfein,  T. 
T.  an<l  T.  Austin,  ^Rec.  and  Fobs.  Grinddea,"  1843,  pi.  viii.,  f.  4  a-ti, 

1>.  74. 

Carl  ton ifertms  Limestone.  [7t)0yJ      Hook  Point,  W  cxtord. 

Poteriocrinns  latifrons,  Austin.  T. 
T.  and  T.  Austin, "  Kec.  and  Foes.  Crinoidea,"  1843,      x.,  f.  4,  j).  82, 
Carboniferous  Limestone.  [7603]      Mendip  Hills. 

Poteriocrinus  qninquangularis,  Austin.  T. 
T.  and  T.  Austin, '  Rec  and  Foss.  Crinoidea,"  1843.  pi.  x.,  f.  2  a-e,  p.  80 
Carboniferous  Limestone.         [7006-7G11]     Hook  Pdnt>  Wexfotd. 

Poteriocrinus  radiatui,  Austin.  T. 

i.  and  T.  Austin,  "Uec.  and  Fofls.  Crinoidea,"  1843.  pi.  x.,  f.  1  0,6,  p.  79. 
Carboniferous  Limestone.  [7614]     Hook  Fointi  Wexford. 
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Poterioeriani  roitratot,  Austin.  T. 

T.  and  T.  Au.^tin,  "Rec  and  Fos«.  Crinoidca,"  1843,  pi.  ix.,  f.  -2      p.  75. 
OarboniferouB  Limestone.      (.7613,  7612]      Hook  Pointy  W  ejcford. 


Potarioerinns  sp. 

O.  F.  AMiidl.o  ..... 
Upper  Devonian  (^Marwo'xl  Beds).  [7155]  Bmunton  Down,  N.  Devon 


O.  F  AMiidl.orne.  >rAn.  Pal.  Soc,  vol.  lii.,  1*5!>S  pi.  xxxv.,  f.  4.  i\  228. 
   u,N.  Dt 


Poteriocrinns  sp. 

G.  F.  Whidbome,  Mon.  Pal.  Soc.,  vol.  lii,,  1898,  pi.  xxxvi.,  figs.  9.  9  a, 
p.  S28.  «T 
Upper  Devonian  (Marwood  Beds).  [7154]   Brannton  Down,  N.  Devon. 

Bhodocrinni  (Aeaatiiocrinus)  sp. 

O.  F.  ^^^udboTne.  Mon,  PisL  Soc,  vol        1885,  pi.  xxiv.,  figs,  e,  6  a, 

p.  204. 

Middle  Devonian.  [7096]      Newton  Bushel 

Jthodocrinns  ? 

G.  F.  Whidbome,  Mon.  Pal.  Soc.,  vol.  lii.,  18s>8,  pi.  xxxi.,  f.3  a-rf,  p.  217. 
Upper  Devonian  (Marwood  Beds).        [7143,  7143]     North  Devon. 

Scaphiocrinns  ?  inordinatns  ]  Whidbome. 

G.  F  WTiidliome,  Mon.  Pal.  Soc.,  vol.  lii.,  1898,  pL  xxxiv.,  f.  7,  p.  230. 
Upper  Devonian  (Marwood  Beds).    [7151]    Bcaunton,  North  Devon. 

Scaphiocrinus  \  f  lumifer,  Whidborne.  T. 
G.  F.  Whidbome,  Mod.  Fftl.  Soc.,  vol.  liL,  1896,  pL  xxxvi.,  figs.  1, 1  a, 

p.  22*^. 

U|>y»er  Devonian  (Marwood  Bed.s).    [7153]     Brauntoii,  North  Devon. 

Scaphiocrinns  sp. 

G.  F.  Whidborne,  Mon.  Pal.  Soc,  vol.  lii.,  1898,  pi.  xxxiv.,  figs.  8,  8  CI, 
p.  231. 

Upper  Devonian  (Marwood  Beds).    [7152]    Biaunton,  North  Devon. 

Spharocrinns  geometricns  (Goldfuss). 

( ;.  F.  Whidbome^  Mon.  PSal.  Soc,  vol  xlix.,  i^o.k  pi.  xxiv.,  f.  s,  p.  21 1. 
Middle  Devonian.  [6678]     Ne^prton  Bashel. 

Ttaoerinus  macrodaetjlus  (Phillips). 

G.  F.  Whidlwme,  Mon.  Pal.  Soc.  vul.  HL,  1898,  pi.  xzxiiL,  figs.  3,  3a,  4, 
4^t,  p.  215.   (See  also  Cmthocrinus  /). 
Upper  iJevonian  (Marwood  Beds).        17149, 7150]      North  Devon. 


Trochocrinites  iaevis,  Portlock.  T, 
J.  E.  Portlock,  Hep.  Qwl  Londonderry,  1843,  pi.  xv.,  f.  1,  p.  345. 
Gaiadoc  [7391]     Desertcreat,  Tyrone. 


£X>1U0A»T£K0IDEA. 


Agelacrinites  bachianos,  For!>c.s.  T. 
E.  Forbes,  M.  G.  vol.  ii.,  yt.  2,  1848,  pi.  xxiii.,  fiirs.  1-14.  i>.  521. 
V'lgA.  2  and  3  retigiired,  J.  \\  .  Salter,  M.  G.  S.,  <  m  «  I  \  1  '1  \\'ales, 
l^*Of>,  pi.  XX.,  f.  13,  p.  2IM.  Fi^s.  1-9  refitrnrpfl  as  Edrioaster,  F.  A. 
liather,  Geol.  Mag.,  plates  viii-x.  and  text  Hgures,  pp.  1U3-204. 
Fig.  1  retigured,  O.  .laekcl,  "  Stammesgeschichte  der  Pelmatozoen," 
\  i.,  iHJjy,  p.  45  (text  figure). 
Caradoc.      [7403,  74U4]      2  mU.  W.  of  Vaputty  Evan,  Denbighshire. 

P 
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TVPES  AND  FIGURED  SPECIMENS 


Edrioafltcr,  rule  Agelacrinites. 

Lepidodiscos  Milleri,  Sharman  and  Newton.  T. 
Q.  Sharmau  aud  £.  T.  Newton,  Q.  J.  G.  S.,  vol.  xlviii.,  188i^  pL  ii., 
p.  160. 

Caroonif^iia  Limeatone.         [7663]      KiTer  Irthing,  Cumberland. 

ASTKROIDEA. 

AsteriM  primvTa,  Salter.    FuU  Palaaater  obtnsna. 

EngMter  ?  perarmatus  (\Vhi(ll>omtt).  T. 
G.  F.  Whidbornej  Mon.  Pal.  Soc.,  vol.  liL,  1898^  pi.  xzrii.,  figs.  6, 6  a, 

p.  a09. 

Upper  Devonian  (Pilton  Beds).  (7103]     Bcaonton  Down. 

Palsaster  asperrimus,  SiUter.  T. 
J.  W.  Salter,  Ann.  ^lag.  Nat.  Hist.,  toL  xz.,  1857,  p.  3S6. 

J.  W.  Salter,  M,  G.  S.,  North  Wales,  1860,  nl.  xxiii.,  f.  2,  :!s'J. 
Caradoc.  [7435J      Quakers'  Burial  Ground,  Welshpool. 

Pftlttaster  coronella,  Salter.  T. 
J.  W.  Salter,  Ann.  Mag.  Nat.  Hist.,  vol.  x.x.,  18:)7,  ]\  3i?0. 
Upper  Llandovery.  [7402]      Guuwick  Hill,  Malvern. 

Balteaster  longimanus,  Whifllmrne.  T. 

G.  F.  WhidlKjrne,  >Ion.  Pal.  Soc,  vol.  lii.,  1898,  pi.  xxvi.,  tigs.  1,  1  a,  2, 
3,  3  a,  iK 

Upper  Devonian  (Pilton  Bed^V  f7i62-7l04] 

Park  near  lirauntoo,  and  Ba^^  Point,  North  Devon. 

PalaMter  (Uraster)  obtusus,  Furbc<;. 

J.  W.  Salter,  Ann.  Mag.  Nat.  Hist.,  vol.  \x.,  1857,  p.  326. 

J.  W.  baiter,  M.  G.  S.,  North  Wales,  1800,  pi.  xxiiL,  f.  1,  p.  289. 
Caradoc  (See  also  Uratter.)  174S6]  Moel-y-Gamedd. 

Protaslei  giauiler  (Whidboriie).  T. 
G.  F.  Whidbome,  Mon.  Pal.  Soc.,  vol.  Ill,  1696,  pi.  xzvL,  figi.  6, 5  a,  6, 

0  'f,  ]>.  207. 

Vpper  Uevonian  (Pilton  Beds).  [7105,  7100]      North  Devon. 

Protaster  1  (Drepaiiaster)  scabrosus,  Whidbome,  var.  T. 

G.  F.  Whidbome,  ^lon.  i'al.  boc,  vol.  lii.,  1898,  pL  xxvilL,  figs.  1, 1  a,  6, 

2,  2  (I,  fj,  p.  208. 

Upi  1 L  r  ]  > « \  I H  ii  11 .  [7167, 7168]     Croyde,  N,  Devon. 

G.  V.  \Vhi<lh<jrne,  Mon.  Pal.  Soc.,  1898,  pi.  xxix.,  fi-s.  2.  2  <t,  p.  208. 
Upi<cr  Devonian  (Pilton  Bed»).     [7160]    Braunton  Down,  N.  Devon. 

Uraster  obtasus,  Forbes.  T. 
E.  Foibe.^,  M.  G.  8.,  vol.  ii..  pt.  2,  1«4«,  p.  463. 

H.  Forbes,  il.  G.  S.,  Decade  1,  1840,  pi.  1,  f.  3,  p.  2. 

Caradoc  (See  also /^a/cm^ter.)  [7437]  Waterford. 


Ophiuroidba. 


Ophiurella  1  gregaria  (Whidborne).  T. 
G.  F.  Whid'  nnip.  A!nn.  Pul.  Soc,  Hi.,  ISM^,  ]>].  wviii.,  f.  3,  p.  210. 
Upper  Devonian  (l^ilton  Beds).     [7162]    Jiraunton  Down,  N.  Devon. 
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Cidaris  beuburbensif,  Purtlook.  T 
J.  R  Portlocki  Rep.  Qeol  Londondecry,  1848,  pi.  xvi.,  ^gs.  to,  10  a,  b, 

11,  p.  n.-^s. 

Carboniferoiui  Limestone.  [7659]      Benburb,  Tjrrone. 

Protocidaris  acuaria  ^Whidbonie).  T. 

G.  F.  >Miid)M^riie,  Mod.  Pal.  Soc.,  vol.  lii,  1888,  pi.  xzt.»  figi.  1-,  I  a,  6^ 

2,  2     p.  203. 

Upper  Devonian  (Pilton  Beds).     [715a.  7189]     East  of  Banifltaple. 

IiKpidesthea  ?  devenicaus,  Whidhome.  T. 

O,  F.  Whidborne,  Mon.  Pal.  Soc.,  vol.  Hi.,  lHi)8,  pi.  xxiv.,  ti>?».  1,2; 
pi.  XXV.,  f.  3  n  /,  p.  200. 
Upper  Devonian  (Pilton  Hed»X      [7160,  7161]      East  of  Bamittaple. 

Xelonitea  Etheridgii,  Keeping.  T. 
W.  Keepin-.  H.  .T.  (}.  8.,  vol.  xxxii.,  1876>  fig><  l     j.  3<*7. 
Cai  toniferouH  l>iuiestone.  [t»577j  Olitberoe. 

Patochinus  gigna,  M'Coy. 

R.  T.  Jacksoii,  Bull.  Ueol.  »Soc.  America,  vol.  vii.,  18d6,  pi.  viL,  figs. 

Garbomferoiu  Lunertone.  [6676]     Clitheroe,  Lancasbire. 
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Analyses,  72-»l. 

Andftsites  13L        130,  UJiL^ 

Aque<luct  of  Birmingham  Water- 
works, 60. 

Arenig,  17,  GiL 

Argyll,  HHj  ]ML 

Arran,  128. 
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Ben-Vrackio,  112. 
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Blackadder,  180. 
BLiir  Athc.ll,  157,  Ififi. 
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Boveysand,  2SL 

Boyd,  L.,  03. 
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BrtMulford  Ms,  143. 

Brogger,  Dr.  W.  C,  iSL 

Brownstones,  39,  40. 

Brynamman,  43. 
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Carbis  Bay,  19,  33. 
Carlwniferous,  5,  30.  63. 
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Carmarthen  Fans,  .39,  50. 
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CribartHTlii 
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Eocene,  Qfi. 
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108  NB'     <•  CBBVIOT  HILIA   By  C  T.  CbOVOB.  la.  ad. 

imSW*      -  PLASri  KITS  and  KIELDER.   By  C.  T.  Ti  or-,;,r  u. 

IIOSW*      -  WOobKll  and  COLDSTREAM.   By  W.  Ol>.s  and  C.  T.ClOCOH.   U.  6d. 

IQONW*      .  NORHAM  andTWKKDMOl  TH.    By  W.  GCNN.  6*f. 

110  NB-      •  COAST  SOUTH  of  BERWICK  ON  TWEED.   By  W.  Ou.N^.  Orf. 

110  8B  .      •  BELFORD,  HOLY  ID,  and  FARNE  1.SLAND.S.   By  W.  GCNN.   2#.  6d. 

106  (New  Series)  ATBERSTONK  and  CHARNWOOD  FOREST.    By  C.  Fox-StRAMQWATB.  ft. 
ta8(      H      )  ABERGAVENNY.  By  A.  Stiuua.\  and  W.  OlBSOH.  ft. 

tl»<      „      )  KBWPOBTMOir.  ByA.8TRAllA]l.  ft. 

«63(       „      )  CARDIFF.   By  A.  Btrattajt  and  T.  C.  OMttBIfcU  ft;  M. 

814  (       „       )  RINGWOOD.    ByC.  RuD.  1*. 

816  (       „       )  .SOUTH  A. M in  ON.   By  C.  Reid.   1*.  M. 

8£&(      ..      )£X£TKH.  By  W  A.  E.  UsauuL  ft. 

8tt(  )  DORCHE8TBR.   i>v  C  Kmn,  U. 

329  (       H       )  BOURNEMOUTH. .  1<>  C.  UEItt.  4d. 

882  (       M      )B0ON0R.   ByCRsiD.  M. 

m{      n      )  EA8XB017RNB.  By C.  BRIO.  ad. 


eOAUPtCLDS  AND  OTHER   MINERAL  OI8TRICT8. -Scale,  six  inches  to  a  mUe. 
The  Coal-fleldn  and  other  mineral  dislrii-ta  of  the  N.  of  England  are  in  pait  pabllshed  on  a  acatoot  dx  lwdnito%Bm% 
ak  41.  to  ft.  aaclk  M.8.  Coloured  Copies  of  other  six  inch  OMpiMiot  intoBded  for  paUlaatioa.afa  d^poilftd  ftr  NftnBMiB 
the  GoolOfkal  8«my  Office,  28,  Jermyn  .street,  London. 

THE  IRON  OffES  or  OREAT  BfHTAm. 

Part  L  The  North  and  North  Midlrm  l  r,  unties  of  Enpland  {Out  uf  j/rinu     V^xri  It.    South  Staffordihire.   Prioa  U. 
Poitm.  South  Wales.  Price  u.  s</.  Part  IV.  The  Sbropabice  Coal  field  and  Noith  StaBatdilifni. 
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